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ABSTRACT 

Tomato accounts for 7% of total horticulture production and 14% of vegetables produced in 

Kenya. Despite its importance, tomato has not received much research attention. Unlike the 

leading tomato producers, Kenya has no tomato breeding program, hence the reliance on 

imported seeds. In addition, strategies for management of major diseases such as bacterial wilt 

that cause up to 100% yield loss are limited. The specific objectives of this study were to: (i) 

identify suitable parental lines for population development from new accessions and local 

genotypes; (ii) screen parental lines and their F1 hybrids for resistance to bacterial wilt; iii) 

determine the inheritance for agronomic, bacterial wilt resistance, and fruit yield traits.; iv) 

determine the heterosis and combining ability for agronomic traits and fruit yield, and v) 

determine the shelf-life of parental lines and their F1 hybrids.  

Objective 1 trials were conducted in a randomized complete block design with three replicates 

in two seasons starting 2017. Study materials were AVTO1429, AVTO1424, AVTO1314, four 

commercial varieties and three farmer selections. Genotypic effects, genotypic x environment 

interactions and location effects for days to flowering, plant height, maturity, fruit yield and 

related traits were highly significant (P<0.01). Duration to flowering varied from 36 to 42 days; 

plant height from 66.37 to 182.57cm, duration to maturity from 85 to 100 days, and fruit yield 

from 18.3 to 55.7 t ha-1. All the genotypes showed determinate growth habit except AVTO1314 

with indeterminate. AVTO1429, AVTO1424 and AVTO1314 had green stem while the 

commercial varieties and farmers’ selection had purple stem.  

Trials for objective 2 were conducted at field and greenhouse conditions for two seasons from 

2017. The potted media in the greenhouse was inoculated with 107 CFU/ml Ralstonia 

solanacearum suspension. Results showed wilt incidence varied from 11.87% for AVTO1424 

to 89.87% for Roma VF. Lowest wilt incidence of 11.87, 12.29 and 13.53% were recorded in 

lines AVTO1424, AVTO1429, and AVTO1314, respectively. Wilt incidence among the 45F1 

hybrids varied from 7% in cross AVTO1429 x AVTO1314 to 90% in cross Eden Select x Rio 

Grande suggesting that resistance to wilt was dominant.  

Generation mean analysis of six generations (P1, P2, F1, F2, BC1F1P1 and BC1F1P2) trials were 

conducted at two locations for two seasons in 2019. Significant location, generation differences 

and location x genotype interactions for all traits evaluated were detected across the four-cross 

combinations. The six generations of each of the four crosses performed better at Kabete 
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compared to Mwea in 2019 for traits evaluated. Scaling tests for all traits except yield per plant 

were significant at (P<0.01) for cross Roma VF x AVTO1429, suggesting presence of epistatic 

effects. Consequently, 6-parameter model was adopted for genetic analysis.  Significant 

additive gene effects for duration to flowering, maturity and yield traits were recorded from 

genetic analysis.  Dominance genetic effects were more important for other yield related traits. 

Heterosis and combining ability trials for 45 F1 hybrids developed from a 10×10 diallel mating 

design was determined at two locations during the long rain season in 2018. Results showed 

significant differences (P<0.05) for agronomic, fruit yield and resistance to wilt. Out of 45 F1 

hybrid, 89% had reduced duration to 50% flowering and 11% for maturity compared to their 

better parents. Highest heterosis for plant height was recorded by AVTO1424 x UC82 and 

Roma VF x Cal J for total soluble sugar.  All the 45 F1 hybrids had positive heterosis for number 

of trusses per plant while AVTO1429 x AVTO1314 had 114.39% for fruit yield. F1 hybrid 

AVTO1429 x AVTO1314 recorded the lowest disease incidence (4.94%) and severity. 

Negative heterosis for wilt incidence and severity was observed in 29% of the F1 hybrids. 

General and specific combining ability effects were highly significant (P≤0.01).  

Shelf-life and processing quality traits of tomato fruits were determined by measuring loss of 

fruit firmness and fruit weight in F1 x genotypes stored at three temperature (4, 16 and 25 o C) 

for five weeks. The trial was conducted in April and August, 2019 using a split plot design. 

Results showed highly significant genotypic and storage temperature differences (P<0.01) for 

the three traits. Lowest cumulative mean loss in fruit firmness and weight over five-week 

storage duration was recorded at 4 oC, followed by 16, and 25 °C recorded the highest loss. 

Genotype AVTO1424, AVTO1429 and their F1 hybrids had the longest shelf life and 

processing quality. Genotype AVTO1424 recorded the highest fruit firmness and fruit weight 

of 50.18 Ncm-1 and 212.61 g, respectively followed by genotype AVTO1429 at storage 

temperature of 4 °C and storage duration of five weeks. F1 hybrid from parents AVTO1424 

and AVTO1429 recorded higher fruit firmness and weight than other hybrids. The study 

indicated that parental line AVTO1424, AVTO1429 and AVTO1314 with good agronomic 

traits, resistance to wilt, and longer shelf have potential for use with local varieties in demand-

led tomato breeding program in Kenya.  

Key words: Tomato, Genotypes, traits, characterization, hybridization, combining ability, 

heterosis, bacterial wilt, Generation mean analysis, Shelf-life.
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CHAPTER 1: INTRODUCTION 

1.1 Economic importance 

Tomato (Solanum lycopersicum) belongs to Solanaceous group of vegetable crops, cultivated 

worldwide due to acclimatization to varied environments (Adams et al., 2006). Tomato has 

been documented as most important vegetable crop after potato in nutritive value (Adams et 

al., 2006). According to Adams et al. (2006), tomato is an excellent source of ascorbic acid, 

antioxidants such as vitamins A, B and C. It also has significantly higher levels of 

micronutrients such as iron and potassium than potato. Globally, 4.8 million hectares are under 

tomato cultivation. According to FAOSTAT, (2019) data, the global production of tomatoes 

was 188 million tonnes in 2018, rising by 3.5% against the 182 million tonnes recorded in 

2017. The global market revenue from tomatoes amount to 190.4 billion USD in 2018 raising 

by 6.5% against the previous year and the average tomato export price was 1, 325 USD per 

tonne (FAOSTAT, 2019). China produces 33% of the global tomato production and this 

production make it a leading producer followed by India, United States of America, Turkey, 

and Egypt (FAOSTAT, 2017 and 2019). In Africa, tomato is cultivated on 1.3 million ha which 

produces an average of 37.8 million tonnes annually (FAOSTAT, 2017). Therefore, Africa 

accounts for 20% of the world production. Egypt is the biggest tomato producer in Africa 

recording an average production of 7.3 and 7.2 million tonnes in 2017 and 2016, respectively 

followed by Nigeria, Tunisia, and Morocco (Mwangi et al., 2020). Nigeria, leading producer 

of tomatoes in sub-Saharan Africa, had a total production of 4.1 million tonnes in 2016 and 

2017 (FAOSTAT, 2019). Kenya is the second (283,000 t annually) leading tomato producer in 

East Africa (1.7 million t annually) after Tanzania (565,441 t annually) but ranked tenth in 

Africa (37.8 million t annually) as shown in tables 1.1 and 1.2. 

Tomato accounts for seven percent of the horticultural production, and 14 percent of the 

vegetables (Ochilo et al., 2019). Tomato is cultivated on 0.4 million hectares in Kenya, which 

produces about 280, 000 tonnes annually (FAOSTAT, 2017). Therefore, Kenya accounts for 

0.2% of the world production. In 2016, tomato production was at 410, 033 tonnes with a total 

value of 151 million USD (FAO, 2017). This was 50% increase from 271,151 t produced in 

2001 (FAO, 2017). However, from 2016 to 2018 there has been about 30% decrease in tomato 

production against an increasing demand of 300,000 tonnes per year (Mwangi et al., 2020). 

Studies have also shown that despite the growing demand of tomato attributed to growth in 

population, its productivity has also declined sharply from 25.5 tonnes per hectare in 2006 to 
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18.7 tonnes per hectare in 2016 (FAOSTAT, 2017). This decline has led to increase in tomato 

prices making them unaffordable between 2017 and 2019. Kenya has been importing more 

than 27 000 t per year from Ethiopia and Tanzania to close the deficit (Mwangi et al., 2020). 

The main tomato growers are the small-scale farmers accounting for 80% of all the growers. 

The area under tomato production for small holders are less than eighth of an acre and 

vulnerable to decrease in size due to land segmentation (Ochilo et al., 2019). In addition, 

tomatoes are produced for food, income generation and earning of foreign exchange through 

exports. 

In line with the Kenya’s Big Four Agenda, tomato industry presents a potential especially on 

improving food security among the smallholders. Tomato is currently grown under open field 

system that accounts for 95% production and greenhouse accounting for 5% (Ochilo et al., 

2019). Integration of modern technologies (greenhouses) is among the current efforts to 

enhance tomato production (Mwangi et al., 2020). There is scanty information in Kenya to 

identify tomato farmers in reference to the adopted greenhouse production system as well as 

determination of technical efficiency (KCSAP, 2019). Although there is inadequate 

information on the technical efficiency of tomato production systems in greenhouse to draw 

comparison to the open field system in Kenya, the systems have been successfully adopted in 

other developed Countries. According to a study by Kanwar, (2011) in the trans-Himalayan 

Ladakh region of India, the performance of tomato genotypes is far superior in the greenhouse 

as compared to open field condition. Cultivation of tomato in greenhouse produced 136.12% 

more yield per ha and 188.93% more fruits per plant compared to open field cultivation 

(Kanwar, 2011). 

1.2 Nutritional value and other uses of tomato 

Tomatoes are rich in minerals, vitamins, essential amino acids, sugars, and dietary fiber, hence, 

contributes to a healthy and well-balanced diet (Basco et al., 2017). Tomatoes are excellent 

source of ascorbic acid, antioxidants such as vitamins B, C and amino acids and micronutrients 

that include iron and potassium among others (Basco et al., 2017).  Tomato is the third source 

of vitamin C in our diet and the fourth for vitamin A through its content in beta- carotene, 

phytosterols compounds that help to keep cholesterol under control (Bhowmik et al., 2012). 

Carotenes notably lycopene is associated with the red colour of ripe fruits and beta-carotene is 

associated with the orange colour of fruits. Tomato produces tomatine in leaves, stems and in 

fruits at much lower concentrations. Tomatine is a glycoalkaloid that has fungicidal, 
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antimicrobial, and insecticidal properties (OECD, 2017; Spooner et al., 1993).  Its levels 

decrease as the tomato fruit ripens since it gets decomposed by the enzyme tomatinase. 

Tomatine plays a role in plant resistance against fungi, bacteria, virus, and insects and this has 

been useful information in breeding of cultivated tomatoes species (OECD, 2017). Tomato 

fruits have a wide range of uses when fresh such as preparation of fresh salads, cooked in 

sauces, soup and meat or fish dishes. Some manufacturing industries produce economically 

important processed products from tomato fruits such as canned or dried tomato, puree, jam, 

paste, powder, juices and tomato sauce (Ochilo et al., 2019: Bose et al., 2002).  

Tomato qualities desired for processing varieties include; high total soluble solids (4-8 oBrix), 

acidity not less than 0.4%, pH less than 4.5, uniform red colour, smooth surface, free from 

wrinkles, small core, firm flesh, uniform ripening and pear fruit shape with fruit weight of more 

than 80 g (Chattopadhyay et al., 2013). There should be a minimum of 2-3 number of locules 

for proper fruit shape and more than 0.50 cm of pericarp thickness which would keep the fruit 

firm, stand long distance transport and evaporation of water through the surface would be less 

(Mesquita et al., 2019). Usually pear-shaped varieties (higher polar diameter and lower 

equatorial diameter) have lower number of locules and higher pericarp thickness (Chakraborty 

et al., 2007). Fresh market tomatoes are graded based on their visual quality and appearance. 

This is commonly evaluated by considering their size, shape (may vary), firmness, form, skin 

colour (though are usually red), fresh condition, and the absence of visual defects (Costa et al., 

2011). Tomato for fresh market requires a minimum oBrix of 3.5 to 5.5. Tomatoes are known 

for their vibrant red colour which indicates not only maturity, freshness, and the levels of 

desired flavour, but also the relative content of the beneficial antioxidant metabolites, mainly 

lycopene (Nisha et al., 2011).Tomato varieties used for fresh market in Kenya include; Money 

Maker, Marglobe, Beauty, Capitan, Tropic, Kentom 1 and 2. Several varieties are used for 

processing, among them Cal J, Roma VF, Rio Grande, M-82, Rubino and Parma VF (Sigei et 

al., 2014: KCSAP, 2019). The leading tomato processors include Centro Food Industries 

Limited, Premier Food Industries Limited, and Kunyu Industrial Co. Limited that produces 

tomato sauce, puree, chilli sauce, among others.  

1.3 Global tomato production and trends 

The leading producers of tomato are China, India, Turkey, and USA contributing 50% (88 

million tonnes) of global production (FAOSTAT, 2017). Egypt is the fifth global producer of 

tomato with 7.3 million tonnes (Table 1.1). In Africa, Egypt is the leading producer, followed 
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by Nigeria (4.1 million t) and Tunisia (1.3 million t) contributing 58% of continent production.  

In eastern Africa, Tanzania is the leading tomato producer, producing 0.56 million t and is 

ranked ninth in Africa. Tanzania is followed by Kenya at the tenth position producing 0.28 

million t from 21,921 ha (FAOSTAT, 2019).  

Table 1.1: World tomato production estimates in 2017 

Country           Production (t)  Yield (t/ha)  Area planted (ha)  

World    188,042,359      37.0      4,782,753   

Africa    37, 800, 000      15.6       1,269,456  

East Africa     1,688,955      12.3          137,195 

Top 10 leading countries  

China    59,514,733        56.2     1,003,992   

India    20,708,000       24.2        760,000   

Turkey    12,750,000       66.9        188,270 

USA    10,910,990       90.3        144,410 

Egypt      7,297,108       39.8        199,712 

Iran      6,177,290       40.0        159,123 

Italy      6,051,868       61.9        103,940 

Spain      5,163,466       86.2          54,203  

Mexico     4,243,058       43.3          93,376 

Brazil      4,230,150       65.1          63,980   

Source: (FAOSTAT, 2019) 

Table 1.1 shows that the productivity of tomato in Africa is less than half of the world average. 

The low productivity in tomato is due to farmers not adopting the available technologies in 

their production (Kumar et al., 2018). Egypt and Nigeria are the leading producers of tomato 

in Africa as shown by the data in the Table 1.2. These two Countries produce 96% more 

tomatoes per unit area compared with Kenya. However, the variation in productivity between 

Tanzania and Kenya is 49.95% which is much lower compared to that recorded between the 

leading producers. Few studies have been conducted in Kenya to evaluate tomato production 

in open field and greenhouse as well as its associated technical efficiency and this limits growth 

in tomato production systems and productivity of the crop (Ochilo et al., 2019). Mwangi et al. 

(2020) further revealed limited studies addressing open field and greenhouse tomato 

production. Findings from the few studies in Kenya have reported that the available production 

systems are not satisfactory to tomato farmers. Furthermore, inadequate technical efficiency in 

production systems also correlate to the low productivity incurred by most smallholders (Sigei 

et al., 2014: Ochilo et al., 2019: Mwangi et al., 2020). In Kenya, tomato yields recorded in 

2017 was 18 t/ha which was higher than the 3.9 t/ha and 13.7 t/ha recorded by Nigeria and 
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Tanzania (Table 1.2). This shows that to reduce the huge gap that exist between other leading 

producers, tomato production and productivity in Kenya needs improvement through increase 

in input use and technical efficiency as indicated by Ochilo et al. (2019). Several developed 

Countries that have reported very high tomato yields such as USA (90 t ha-1), Spain (86.2 ha-

1) and Morocco (80 t ha-1) among other have well equipped tomato production systems 

compared to Kenya with about 18 t ha-1. These countries have greater economic efficiency in 

domestic resource use such as lower labour costs, adequate infrastructure, and more favourable 

government policies, which give them a competitive advantage over the developing countries 

(Wu et al., 2017). According to Victoria et al. (2011), government such as Mexico has been 

encouraging adoption of the protected-culture technologies in the horticulture industry. At the 

same time subsidy for various production practices including greenhouse and high tunnels are 

available. 

Table 1.2: Africa ten leading tomato producers in 2017 

Country           Production (t)  Yield (t/ha)  Area planted (ha)  

Egypt      7,297,108       39.8        199,712  

Nigeria     4,100,000         3.9        574,441   

Tunisia     1,298,000       58.7          22,190 

Morocco      1,293,761       80.8          15,239  

Algeria     1,286,286       56.8          22,556 

Cameroon     1,279,853       12.8          92,626 

Sudan         650,001       13.2          46,746 

South Africa        608,306       76.9            7,555 

Tanzania        565,441       13.7          39,409  

Kenya        283,000       18.7          21,921   

Source: (FAOSTAT, 2019) 
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1.4 Tomato production trends in Kenya  

Tomato production and productivity in Kenya has experienced dynamic changes within the last 

ten years. Kenya contributes 2% of Africa tomato production which translate to 0.4 million t 

in 2016 down from 0.5 million t produced in 2006. Productivity has declined sharply from 25.5 

tonnes per hectare recorded in 2006, to 18.7 tonnes per hectare in 2016 (FAOSTAT, 2017) 

(Figure 1.1 and 1.2). In 2018, Ochilo et al. (2019) reported a persistent decline in tomato 

production with an average yield of 12 tons/ha against the potential yield of 30.7 tons/ha. The 

cause of this decline is due to a myriad of impediments, key among them being abiotic (high 

temperature, erratic rainfall, poor soils, etc.) and biotic factors. Another constrain leading to 

low yield is the failure of smallholder farmers to take advantage of available technologies such 

as use of improved seeds (Sigei et al., 2014: Ochilo et al., 2019) 

Varying costs of production and return levels exhibited by greenhouse and open field tomato 

production systems calls for careful considerations during their adoption. According to 

Seminis- Kenya, (2007), greenhouse production system can give 10 times more yields and 13 

times higher net profit than the open field system (Wachira et al., 2014). According to Wachira 

et al. (2014) the mean variable costs for open-field production system is KES 9.16/m2 and 

greenhouse systems is KES 134.94/m2 while the fixed costs averaged KES 1.93/m2 and KES 

119.23/m2 for open field and greenhouse systems, respectively. They further reported that total 

costs were KES 11.09/m2 and KES 254.18/m2 for open-field and greenhouse systems, 

respectively. These results imply that, greenhouse tomato production system was more costly 

and requiring more working capital compared to the open-field tomato production system. 

Wachira et al. (2014) further reported that, although both production systems had varying 

levels of variable costs, returns were high enough to offset those costs associated with 

production and the net profit was KES 169.11/m2 for greenhouse tomato while open-field had 

KES 12.99/m2.  

Reduced tomato productivity attributed to farmers being unable to fully utilize the available 

technologies in Kenya has led to inefficient production of tomato (Kumar et al., 2018).  Rapid 

growth in population, extensive land degradation and fragmentation potentially shrinks the 

arable lands (Mwangi et al., 2020). Elsewhere, Ochilo et al. (2019) showed that the high 

poverty levels experienced in Kenya and the limited factors of production impedes tomato 

production. 
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Figure 1.1: Data Source: (FAOSTAT, 2017) 

 

 

Figure 1.2: Data Source: (FAOSTAT, 2017) 

The leading counties in tomato growing and production include Kirinyaga (48,560 t), Kajiado 

(47,368 t) and Bungoma (47,368 t) respectively (HCDA, 2015). Production of tomatoes in 

Kenya is mainly rainfed, supplemented by furrow and drip irrigation in some areas. The 

production system is either open field that accounts for 95% of tomato production or 

greenhouse that accounts for 5% (Mwangi et al., 2020). Open field production system is mainly 

for determinate tomato varieties while protected cultivation in greenhouses and low tunnels is 

mainly for indeterminate varieties (Wachira et al., 2014). Tomato demand in fresh market and 
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processing industries in Kenya has sharply increased due to increase in demand for sauces, 

juices, and tomato soup. This has been attributed to the increased consumption of fast foods 

and other eateries (Ochilo et al., 2019). The increasing demand for tomatoes is estimated at 

300,000 tonnes annually against the average production of 283,000 tonnes. Demand is partly 

due to population growth. Kenya's population increased from 29 million in 1999, to 39 million 

in 2009, and 48 million in 2019 (KNBS, 2019). Tomato consumption per capita has increased 

from 0.5kg to 8.5kg per person per year over the same period. Studies have shown that in 2018, 

the consumption per capita was 8.5kg which was a 41.7% increase from 5kg per person per 

year in 2017 (KNBS, 2019). 

1.5 Tomato varieties grown in Kenya 

Tomato varieties grown in Kenya thrive best in cool and dry climate with optimum production 

occurring in temperature ranging from 20 to 27°C but plant can still grow in temperatures 

within 10 and 38°C (Naika et al., 2005). Popular determinate varieties like UC82 F1, Roma 

VF, M-82, Cal J F1, and Rio Grande are grown for processing market, but farmers also use 

them in diets and sauces. However, these varieties have susceptibility to major biotic stresses 

such as bacteria and fusarium wilt, root-knot nematodes, and tomato yellow leaf curl virus 

(KCSAP, 2019: AIC, 2003). The main fresh market varieties in Kenya are Rio Grande, Cal J 

and Kilele F1 which are cultivated by 32%, 16% and 11% of the farmers, respectively. 

According to Ochilo et al. (2019), the cost of seeds influences the choice of the cultivated 

varieties in most small-scale farmers. There are inadequate tomato varieties adapted to local 

conditions with accepted fruit characteristics. Some tomato varieties such as cherry tomato 

variety that are disease resistant and adapted to local conditions for local markets are not 

available. However, only few varieties are available on the Kenyan market (KCSAP, 2019).  

Table 1.3: Tomato varieties grown in Kenya and their characteristics (KCSAP, 2019) 

Variety Growth 

habit 

Type Maturity 

rate 

(days) 

Yield 

(t ha-1) 

Characteristics 

Roma VF Determinate Processing 80- 85 83 Open field variety, 

pear shaped fruit, 

few seeds, thick 

wall, resistance to 
fusarium wilt and 

verticillium 

Cal JVF Determinate Fresh 

market/Processing 

70- 75 73 Open field, oval- 

round firm deep red 

fruits, resistance to 
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fusarium wilt and 

verticillium wilts 

M- 82 Determinate Processing 120 57 Open field variety, 

oval fruits  

Heinz Determinate Processing  60 Open field variety, 

oval fruits  

Sum 

Marzano 

Determinate Processing  100 Open field variety, 

oval fruits  

UC- 82 Determinate Processing  57 Open field variety, 

oval fruits  

Rio 

Grande 

Determinate Processing 75-80 85 Open field variety, 

elongated pear- 

shaped, bright red 

pulpy fruits, 

resistance to early 

and late blight, 

vertcilium wilt 

Tanya Determinate Processing  75 Open field variety, 

oval fruits, 

resistance to 

fusarium and 

bacterial wilt, 

nematodes  

Money 

Maker 

Indeterminate Fresh Market 67 35 Open field or 

greenhouse variety, 

round fruits  

Marglobe Indeterminate Fresh Market 70 90 Open field variety, 

round fruit 

Eden Determinate Fresh Market 75 95 Open field variety, 

square elongated 

fruits 

Super 

Marmande 

Determinate Fresh Market 72 85 Open field variety, 

square elongated 

fruits 

Ponderosa Determinate Fresh Market  90 Open field variety, 

oval fruit 

BWN 21 Determinate Fresh Market  90 Open field variety, 

oval fruit 

Kenton F Determinate Fresh Market 75 32 Open field type, 

oval fruit, resistant 

to bacterial wilt and 

nematodes 

Zawadi Determinate Fresh Market 75 30 Open field type, 

oval fruit, resistant 

to bacterial wilt and 

nematodes 

Fortune 

Maker 

Determinate Fresh Market 75 30 Open field variety, 

oval fruit, resistant 
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to bacterial wilt and 

fusarium wilt 

Anna Indeterminate Fresh Market 75 110 Open field or 

greenhouse variety, 

oval fruits 

Tengeru 

97 

Indeterminate Fresh Market 90 95 Open field or 

greenhouse variety, 

round fruits, 

resistant fusarium 

and verticillium 

wilt, nematodes, leaf 

curl virus and late 

blight 

Source: Agricultural Information Centre, Kenya (AIC, 2003) 

1.6 Tomato production constraints 

Kenya is ranked as the 10th largest tomato producer in Africa (FAOSTAT, 2017). In 2016, 

Kenya produced about 410,000 t compared to 7,943,285 t for Egypt and 539,914 t for Tanzania. 

However, tomato yields in Kenya are low compared with other leading countries. This is due 

to several challenges that cause yield loss such as biotic stress (pests and diseases), abiotic 

(unfavorable climatic conditions) and socio-economic stress. The most devastating diseases 

constraining tomato production are bacterial wilt (Ralstonia solanacearum), early blight, 

(Alternaria solani), tomato yellow leaf curl virus, fusarium wilt (Fusarium oxysporum f.sp. 

lycopersici), and late blight (Phytophthora infestans). Major pests include Tuta absoluta, mites 

and white flies (Mitra and Yunus, 2018: Sigei et al., 2014). Other serious constraints include 

post-harvest losses attributed to inadequate storage facilities, limited knowledge on strategies 

for post-harvest loss management, poor market access and exploitation by the middlemen. In 

addition, poor road infrastructure which makes produce spoil on transit to the market, 

unpredictable and fluctuating market prices, low yields of affordable open pollinated varieties 

and expensive seeds of improved hybrid varieties some with no resistance to diseases like 

bacterial wilt (Kennedy, 2008; Kitinoja et al., 2011).  Other constraints are limited field 

extension services from County Governments, and inadequate research scientists in the 

national agriculture. Moreover, there are limited research services, and access to new locally 

bred cultivars (KCSAP, 2019). Development of improved tomato varieties in Kenya has 

received little research attention (Kathimba et al., 2021). This has resulted to most Kenyan 

farmers and seed companies relying on imported seed. 



11 
 

1.7 Problem statement  

The yield of tomato in Kenya as compared to other leading countries is low. According to 

FAOSTAT (2017), yields of tomato in Kenya averaged 18.7 t ha-1 in 2016. Kenya, with an 

annual production of 283,000 tonnes from 21,921 ha is ranked 10th largest tomato producer in 

Africa, and the second after Tanzania in East African region (FAOSTAT, 2019). Tomato yields 

are 50% lower in Kenya than 37 t haˉ¹ world average and a national average of 39.8 t haˉ¹ 

recorded for Egypt (FAOSTAT, 2017). Some tomato varieties such as Rio Grande (85 t haˉ¹), 

Roma VF (85 t haˉ¹) and Eden Select (95 t haˉ¹) have potential for high yields (Table 1.3) to 

close the existing gap between Kenya and the World average. However, these are imported 

seeds, very expensive and unaffordable to most small-scale farmers. In addition, there had been 

no tomato breeding program in Kenya to introgresss yield and yield related traits. Tomato 

production trends in Kenya for the last ten years from 2006 to 2016 shows a fluctuation and 

decline in yields overtime. This is despite the growing demand triggered by enormous 

population growth over the same period (Figure 1.1 and 1.2). The total population in 1999 and 

2009 was 29 and 39 million which has increased to nearly 48 million in 2019 (KNBS, 2019). 

Tomato consumption per capita has also increased over the same period. Studies have shown 

that in 2018, the consumption per capita was 8.5kg which was a 41.7% increase from 5kg per 

person in 2017 (KNBS, 2019). The declining yields has been attributed to increasing pests such 

as mites, white flies, Tuta absoluta and nematodes (30-50% yield losses). In addition, there are 

serious yield losses due disease such as bacterial wilt (64-100%), tomato yellow leaf curl virus 

(100%), fusarium wilt (10-80%), late and early blights (20-70%) (Sigei et al., 2014 and Asit et 

al., 2017).   

Moreover, low production of affordable open pollinated varieties and unpredictable or 

fluctuating market prices have also led to low tomato yields. Inadequate market information 

and access and exploitation of the farmers by the middlemen has led some small-scale farmers 

to abandon tomato farming for other crops like cabbage and maize (Kennedy, 2008; Kitinoja 

et al., 2011). Majority of the main tomato growers in Kenya are poor and have limited resource. 

This has led them to use farm-saved seeds which results in yield decline and spread of diseases 

such as bacterial wilt, nematodes, and fusarium wilt. These farmers have limited inputs and 

money to purchase imported improved hybrids with better yields. Majority of the high yielding 

imported tomato varieties lack resistance to important biotic stresses especially fusarium wilt, 

bacterial wilt, and nematodes (Mbaka et al., 2013). Varieties such Roma VF and Anna F1 are 
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highly susceptible to bacterial wilt disease. Rio Grande and Cal J are highly susceptible to Tuta 

absoluta despite farmers purchasing them at high prices (KCSAP, 2019). In order to address 

the ever-increasing challenges in tomato production, it is imperative to develop a tomato 

breeding program in Kenya. This will facilitate the development and availability of varieties 

characterised by high yields, resistance, or tolerance to major stress such as biotic or abiotic.  

1.8 Justification 

Demand for food across Africa has continued to raise annually at 7% from 2005 with increase 

in population (AGRA, 2017). Demand for tomato for fresh and industrial use in fast foods, 

other eateries, sauces, juices, and tomato soups has increased sharply over the past decade 

(Ochilo et al., 2019). The many growing challenges experienced by small and medium-scale 

farmers results in fluctuating production over the last ten years and present huge challenge in 

closing the demand gap for the crop in Kenya and across East African region (Kitinoja et al., 

2011).  

Despite the many constraints that negatively affect tomato production, bacterial wilt disease 

was the focus on this study because it causes up to 90% yield losses (Yuliar et al., 2015: Yedyo 

et al., 2017). Bacterial wilt causes entire plant death across the different growing stages 

characterised by decayed pith and hollowness in stems. The disease is particularly damaging 

in warm and wet months especially in western, Nyanza and central regions of Kenya. Farmers 

have reported that, some local varieties such as Valoria Select, have good marketable traits and 

notable field resistance to bacterial wilt. This presents an opportunity to study their traits and 

inheritance. Elongated or saladette varieties are much preferred by consumer because they are 

associated with firmness, high brix, and longer shelf life. Majority of the locally available 

saladette varieties have good marketable traits but susceptible to bacterial wilt disease. Asian 

Vegetable Research Development Corporation (AVRDC) have been developing elite breeding 

lines with resistance to bacterial wilt but lacking market demanded traits (Fufa et al., 2009). 

Heterosis breeding offers a huge potential in improving productivity and quality attributes of 

tomatoes in Kenya. Heterosis levels of local varieties are not documented but would provide 

important information when developing new disease resistant hybrid varieties in Kenya. 

Understanding the general and specific combining ability of tomato presents an important 

opportunity to understand gene actions (additive and non-additive) in various traits (Troyer, 

2006). This understanding is important in crop improvements (Troyer, 2006).  This study 
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therefore adds to the limited available information on determination of the potential for hybrid 

varieties for both fresh market and processing.  In addition, varieties suitable for different 

production systems such as greenhouse and open field; determinate and indeterminate have 

been developed and then selected for improved shelf-life. 

1.9 Overall objective 

 The overall objective of this study was to contribute to the development of new high yielding 

tomato varieties with resistance to bacterial wilt, market demanded fruit and agronomic traits 

including better shelf-life in Kenya. 

1.9.1 Specific Objectives 

The specific objectives of this study were to: 

1. Characterize new breeding genotypes and select parental lines for hybridization and 

population development. 

2. Screen parental lines and their F1 hybrids for resistance to bacterial wilt.  

3. To determine heterosis and combining ability for fruit yield and yield related traits in 

selected parental lines and their F1 hybrids.  

4. Determine the inheritance of bacterial wilt, growth height, and fruit shape, locules count 

per fruit, fruit firmness, and yield per fruits in selected tomato lines. 

5. To determine the processing qualities and shelf-life of tomato genotypes. 

1.10 Null hypotheses 

1. There are no genotypic differences for duration of flowering, days to maturity, plant vigour, 

plant architecture, fruit yield, fruit quality, shelf-life and commercially desirable traits 

between new tomato accessions and local varieties. 

2. There are no differences in reaction to infection by bacterial wilt among new accessions, 

local varieties, and their progenies  

3. There are no differences in heterosis and combining ability for bacterial wilt, yields and 

yield related traits among the parental lines used in Kenya’s tomato breeding program.  

4. There are no differences in fruit qualities and shelf-life of tomato genotypes. 
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1.11 Conceptual framework 

Tomato is among the most important vegetables in Kenya and the world at large for its 

nutritional and economic benefits. Tomato seeds grown in Kenya for commercial purpose, 

mainly processing and fresh market are imported, hence expensive and unaffordable to most 

small-scale farmers. These varieties are poorly adapted to local environmental conditions, 

susceptible to diseases such as bacterial wilt and this has led to production of low yields. The 

varieties have determinate or indeterminate grown habit with yield range from 35 to 110 t ha-

1. The affordable and available tomato seeds are the local varieties that are adapted to local 

environment, have tolerance to diseases. However, these varieties are low yielding and lack 

desirable traits for processing and fresh market. This study aimed to initiate tomato breeding 

programme in Kenya which contributes to the development of new high yielding tomato 

varieties with resistance to bacterial wilt, market demanded fruit and agronomic traits including 

better shelf-life. 

Ten genotypes were assembled for characterization of agronomic and market demanded traits 

including shelf life and population development of 45 F₁ hybrids using half 10 x 10 diallel 

mating design excluding reciprocal and self’s. The ten genotypes comprised of three breeding 

lines from World Vegetable Centre (Taiwan), three farmers selection lines and four commercial 

cultivars used in Kenya (Figure 1.3). Replicated trials were set for bacterial wilt screening in a 

bacterial wilt sick plot in Kirinyaga county, Kanyeki-ini location for two seasons replicated 

three times to determine genotype’s reaction to bacterial wilt for the parents and the 45 F₁ 

progenies. Forty-five F₁ hybrids and their parents were evaluated in two locational sites at 

Kabete and Mwea in randomized complete block designs. Three replicates were used per site 

to determine their heterosis and combining ability for yield, agronomic traits and other market 

demanded traits including shelf life. Inheritance of bacterial wilt resistance trait, fruit yield, 

and market demanded traits including other agronomic traits were studied using generation 

mean analysis of six cross families (P₁, P₂, F₁, F₂, BC₁ and BC₂). Two locations (Kabete and 

KARLO Mwea) were selected for field evaluation with compact family trial design set 

replicated three times across sites. Post-harvest trials were set in Kabete field station under 

three temperature levels (25°C Ambient, 16°C and 4°C) to study shelf life of nine selected 

genotypes that included the parental line and their progenies. The study was expected to 

indicate parental line with good agronomic traits, resistance to wilt, and longer shelf -life for 
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use in demand-led tomato breeding program in Kenya. F1 hybrids with desirable traits than 

better parent was also an expected outcome of this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

         

 

 

 

 

 

Figure 1. 3: Conceptual framework showing roadmap of the new collaborative tomato 

breeding program in Kenya  
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CHAPTER 2: REVIEW OF LITERATURE 

2.1 Origin and Domestication 

Origin 

Solanum lycopersicum centre of origin is traced to Andean Mountain narrow ranges band and 

Pacific coastline of the United States of America as described by Champoiseau and Momol, 

(2008). The area extends south of Equator to the northern parts of Chile including the 

Galapagos Islands as described by Nuez et al., (1996) and Jenkins (1948). Taylor (1986) 

confirmed the centre of origin of Lycopersicum esculentum by documenting geographical 

dispersal of the native wild relatives in locations 0 to 20º S and 64 to 81º W where the species 

breed freely in the wild. 

Domestication 

Tomatoes were first domesticated in Mexico through pre-Hispanic cultures (Jenkins, 1948). 

Fruits of the domesticated plants were small (10 – 20mm diameter), bilocular, with acidic taste 

(Jenkins, 1948). The close similarities between introduced tomatoes and the local tomato called 

Physalis helped in quick adoption into the Mexican culture. The adoption of the tomato 

provided greatest opportunities for exploitation of the genetic diversity into different fruit sizes 

and shape, colour, morphotypes and taste (De Sahagún, 1979). The Americas tomatoes were 

introduced to Europe in 1523 by the Spanish and the Italians by 1544.  Italians consumed the 

fruits with oil, pepper, and salt as an exotic crop (Damtew, 2017 and Nuez et al., 1996). After 

the early migration and domestication of tomatoes, the crop became popular all over the world 

for fresh as well as processing purposes (Damtew, 2017). In Kenya, early Europeans brought 

tomato seeds when they arrived at the Kenyan shores in the 16th Century (Atherton and Rudich, 

1986). 

2.2 Taxonomy of tomato 

Tomato belongs to cultivated Solanum genus in the Solanaceae or nightshade family that also 

includes chilli pepper, potato, tobacco, and eggplant. Genus Solanum comprises of around 1500 

species (Weese et al., 2007). The Clade lycopersicum comprises of 13 species including 

Solanum lycopersicum (cultivated tomato) and 12 native relatives of western South America 

(OECD, 2017). The cultivated tomato section of the genus Solanum (Solanum lycopersicum) 

derives its ancestry from two native species notably, Solanum cerasiforme and Solanum 

pimpinellifolium. The other ten are critical in crop improvement notably breeding for resistance 
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to diseases, improved fruit colour as well as breeding for desired fruit traits that confer good 

quality (Ranc et al., 2008).  

2.3 Morphology of the Tomato 

Solanum lycopersicum is an Annual herbaceous crop with biennial and perennial forms. The 

growth habit types include indeterminate and determinate. The indeterminate genotypes attain 

primary growth of up to 3 meters (Ochilo et al., 2019). The stem is angular with hairy and 

glandular trichomes with characteristic smell. Leaf shape varies from lobed to compound with 

an alternate arrangement on the stem. Tomato has compound leaves with 5 to 9 leaflets petiolate 

and dentate. Leaf surfaces have glandular and hairy trichomes (Figure 2.1) (OECD, 2017). 

 

Figure 2.6: Trichomes on tomato plant at UON Kabete field, 2017 

Tomato plants are self-compatible and inbreeding, but allogamy has been recorded on few wild 

Solanum genus species (Taylor, 1986). The fruit shape is either globular or oval and have 

common characteristics of a berry with seeds enclosed inside the pulp (Figure 2.2). Tomato 

outer fruit skin comprise of thin fleshy tissue and the placenta. Fruit colour results from the 

cells within the fleshy tissue (Rost, 1996). The fruit contains a minimum of two locules, but 

some genotypes are multilocular. Tomato seeds are small and lentil shaped measuring 5 x 4 x 

2 mm with 50 to 200 seeds positioned in the locular cavities and covered by gelatinous 

membranes. Seeds have embryo endosperm covered by a strong Testa. Fruit development takes 

seven to nine weeks after fertilization (OECD, 2017). 

Trichomes 



18 
 

 

Figure 2.7: Longitudinal section of tomato flower and fruit (Rost, 1996) 

2.4 Tomato genome 

Tomato genome is relatively small with only 950 Mb. Studies by Van-der Hoeven et al. (2002) 

reported nearly 30% of tomato genome comprises of repeated sequences largely located in 

heterochromatin regions. Cultivated tomato and the closer native relatives are diploid with 12 

chromosomes (2n=2x=24). Spontaneous mutations in the tomato genome have been very 

instrumental in plant breeding as it has led to emergence of various traits such as the 

determinate growth habit, male sterility and aneuploids (Atherton and Harris, 1986). 

According to Ashrafi et al. (2009), the process of pre-breeding requires molecular markers and 

genetic maps for targeted foreground and background marker- assisted selection. Interspecific 

crosses between cultivated tomato and its related wild species have led to development of 

numerous genetic linkage maps. Molecular linkage maps of high density, mainly RFLPs have 

been constructed for tomato and are comprised of ≤1000 markers with an average spacing of 

approximately 1.2cm between markers (Tanksley et al., 1992). The size and DNA content of 

tomato chromosomes varies. Therefore, these differences could be attributed to the differential 

distribution of the markers (Table 2.1) (Tanksley et al., 1992). 
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Table 2.1: Some genes of known traits or phenotypes that have been mapped onto the 

molecular map of tomato 

Gene Marker Trait/ Phenotype Chromosome Reference 

1-2 Morph Resistance to Fusarium 

oxysporum race 2 

11 Safartti et al., (1989) 

1-3 Morph Resistance to Fusarium 

oxysporum race 3 

7 Tanksley and Costello, 

(1991) 

HSF8 RFLP Heat shock transcription 

factor 

2 Scharf et al., (1990) 

HSF24 RFLP Heat shock transcription 

factor 

8 Scharf et al., (1990) 

Hy Morph Homogenous yellow 10 Tanksley et al., (1992) 

Tm- 1 Morph Resistance to tobacco mosaic 

virus 

2 Levesque et al., (1990) 

Tom 

25A 

RFLP Ripening related 6 Tanskley et al., (1992) 

 

2.5 Reproductive biology of the tomato 

2.5.1 Floral Biology 

According to Nuez (2001), tomato flowers emerge from determinate (cymose) or indeterminate 

(racemose) inflorescence. Cymose flowers have a growing point that turns into a flower while 

the racemose flowers have a growing point that does not turn into a flower (Figure 2.3). The 

flowers are perfect, regular and hypogynous. Pedicels connects flowers to the axis with an 

abscission end. Tomato racemes represent an inflorescence where flowers branch off from the 

main stem laterally. There are variations among flowers within an inflorescence attributed to 

varied abiotic factors such as temperature, light intensity, and humidity among others. For 

example, 16°C were shown to yield flowers that were four times as many than at 24°C (OECD 

2017: Nuez 2001).  Temperature below 10°C for 12 hours of light causes premature flower 

abscission and results in yield loss. 
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Figure 2.8: Diagramatic representation of tomato inflorescence (Rost, 1996) 

According to Nuez (2001), three types of cyme patterns exist in a tomato plant namely, single 

flower cyme, simple cyme and dichotomously branched cyme (Figure 2.4). The three types of 

cyme branch from pedicel part of the stem that provide support to the flowers.  

 

Figure 2.9: Different types of tomato cyme in an inflorescence (Rost, 1996) 

Flower emergences start when plant develop three buds and abortion of the last bud of an 

inflorescence follows. Tomato flowers are usually yellow in colour with a diameter below 2.5 

cm in diameter at full bloom (Figure 2.5a). Flowers are arranged in four whorls helically 

arranged; sepals appear green in colour; five petals are common in a corolla with stamens 

alternate to petal fused to form anther cone (Figure 2.5b). Great variation exists in the number 

of carpels present in a pistil relating to locule counts in a fruit across different species of tomato 

(OECD, 2017). 
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Figure 2.10: Parts of a tomato flower (Rost, 1996) 

2.5.2 Pollination in tomato 

Depending on the variety, the stigma may either be shorter or longer than the anthers. Stigma 

of a flower is receptive from one to two days before the flower releases pollen to eight days 

after the release of pollen (Silva-Neto et al., 2017). Due to the ability of the stigma to remain 

receptive after flower releases pollen, some degree of cross-pollination may occur. Pollen 

production is optimal at temperatures of 10 to 35°C. Volume of pollen grains formed per anther 

has genetic link. This is the gene responsible for pollen production attributed to the genetic 

makeup of the anthers. A study conducted in tomato crops in Brazil to evaluate the richness of 

pollinator bee species reported an average production of pollen to be 333.200 ± 299.500 grains 

per flower (Silva-Neto et al., 2017). The anthers in a mature flower dehiscence delivering many 

pollen grains into a pollen tube formed after a stigma receives them onto a sticky enlarged 

stigma head. Self-pollination is enhanced in varieties where pollen is released interiorly to the 

style; aided pollination is required for varieties with short style. Self-pollination in varieties 

with long style is facilitated by the downward orientation of the flower. Anther cone is designed 

to release pollen grains when small vibration happens from wind, insects at field conditions to 

promote maximum fertilization (Firon et al., 2006).  

Optimal pollination is attained when humidity is above 70% and at temperatures averaging 17-

24°C. Outcrossing in tomatoes is favoured by high humidity and low temperatures (Nuez, 

2001). According to Firon et al., (2006), daily temperature above 26 to 32°C per day and night 

affect pollen viability and the pollen grains count. They further associated temperatures to 

carbohydrate metabolism alteration. Accotto et al., (2005) documented from their research the 

natural cross-pollination rates among commercial varieties to be within the range of 0.07% to 

a 
b 

Anther cone 
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12%. Free (1993) noted that, there exists a possibility of cross-pollination in tomato despite the 

crop being largely self-fertile. This phenomenon of cross- pollination is exploited especially in 

hybrid seed production and in artificial hybridization by breeders (Figure 2.6). Availability of 

male sterile mutants commercially is being used in hybrid seed production because this 

condition precludes self-fertilisation. 

 

Figure 2.11: Tomato hybridization at UON Kabete field, 2017 

2.5.3 Seed production and dormancy 

According to DeCastro and Hilhorst (2000), seed development occurs in three stages: 

morphogenesis, maturation, and seed quiescence. Morphogenesis is the first stage and 

characterized by extensive cell divisions enabling growth of embryo’s body parts where the 

embryonic organs and tissues are formed. Maturation stage entails numerous processes, build-

up of nutrient reserves, alterations in size of embryo, changes in fresh and dry weights of seed, 

advanced germination cessation and enhanced tolerance to desiccation. At maturation stage the 

seed dormancy is induced (Koornneef and Karssen, 1994). Seed quiescence (or seed dormancy) 

stage is the terminal phase where seed metabolic and growth processes are arrested making it 

difficult for seeds to germinate inside the fruit even when suitable conditions for germination 

are present. Dormancy can either be physical, mechanical, or chemical in nature based on the 

mode of action. Seed dormancy is said to be physical when the dormancy is attributed to 

presence of an impermeable coat on seed preventing uptake of water or gases. Mechanical 

dormancy is brought about by presence of tough seed coats or other coverings that do not allow 

for the expanding of embryo when germination starts. Primary dormancy comprises of physical 

plus mechanical dormancies and are overcome by exposing seeds to high temperatures, fire, 

freezing/thawing and abscisic acid (ABA) (Hillhorst and Downie, 1995). Chemical dormancy 

is caused by growth regulators and other chemical compounds found in the coverings around 

seed embryo. Washing or soaking seed can be done to remove chemicals from the seed. 

Physiological dormancy is caused by growth regulators inside the seed and can be broken by 

drying, heat treatment or light treatment (OECD, 2017). 



23 
 

It takes approximately 35 to 50 days after pollination for tomato fruit to mature. All mature 

seeds are viable for germination and are desiccation tolerant. However, the viability changes 

depending on temperature and moisture content. Rees et al., (2015) investigated effect of heat 

treatment in reduction of tomato viral diseases and seed viability. They found reduced viability 

of seeds with 50% in 112 days at temperature of 70° C and 80° C for 25 days, or about 1 day 

at 90° C storage temperatures. Seed viability at temperature of 70 degrees or 18 days at 80 

degrees and remained above 90% after 70 days. The observations recorded were not affected 

by seed age or varieties. Further observations showed that, the moisture level of 52% at 70° C 

temperature resulted into 56% germination after 24 hours. 

Fruits of most tomato varieties are red in colour and ready for harvest 60 days after pollination. 

However, some varieties such as the cherry type have tomato fruits that are yellow in colour 

(Monsanto, 2013). Natural primary dormancy exists during fruit development to avert 

germination in case of stress but easily breaks down during drying seeds or when seeds treated 

with abscisic acid (ABA) (Hillhorst and Downie, 1995).  

2.6 Inter-specific hybridization in Solanum genus 

The Solanum genus comprises of about 1500 species making it the biggest genus in the 

Solanaceae family (Weese et al., 2007). Species in the Solanum genus have ploidy levels 

ranging from diploids, polyploidy, and aneuploidy, but the basic chromosome number is x=12. 

Solanum lycopersicum, Solanum tuberosum and Solanum melongena which are the cultivated 

species are diploids with 2n=24 chromosomes although other ploidy levels are found within 

the different variants of these species ((Melo et al., 2011). S. lycopersicum can easily hybridize 

with several other species named Solanum lycopersicum complex in the Solanum genus. 

Species in the Solanum lycopersicum complex include S. pimpinellifolium, Solanum neorickii, 

Solanum habrochaites, Solanum chmielewskii, and Solanum pennellii (Schauer et al., 2004).  

The Solanum genus has two subgenera divisions based on ease to crossing with cultivated 

tomatoes (Stevens and Rick, 1986). For example, lycopersicum subgenera consist of species 

that cross easily with Solanum lycopersicum, and the Peruvian sub genera include species that 

do not readily cross with Solanum lycopersicum (Miller et al., 1980). 

Inter specific crosses are extensively used in tomato breeding of introgressive resistance to 

viral and bacterial pathogens, development of mapping populations and linkage maps.  

Resistance to gemini viruses spread by whiteflies, resistance gene Ty-1 was introgressed from 

wild species Solanum chilense and Solanum habrochaites (Hanson et al., 2006). Tomato H24 

with high resistance to gemini virus selected from S. habrochaites accession B6013 was 
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developed in India and is important resistance donor source in breeding programmes (Hanson 

et al., 2006). The S. chilense accessions LA1932, LA2779 and LA1938, have proven essential 

sources of tomato resistance. Studies have reported high resistance levels to the tomato yellow 

leaf curl virus (TYLCV) (Yuanfu et al., 2006). Homozygous resistance to a mixed infection of 

races T3 and T4 bacterial spot pathogen was identified in the breeding line Fla.8233 in 2003. 

These resistance genes were developed from interspecific hybridization between Solanum 

lycopersicum and Solanum pimpinellifolium (Scott, 2006).  

Interspecific crosses have also been used in generation of mapping populations and linkage 

maps. The cross between Solanum lycopersicum and Solanum pimpinellifolium has been used 

to develop a set of 99 highly homozygous lines genotyped at 127 marker loci (Tanksley et al., 

1992: Ashrafi et al., 2009). A study by Mutschler and Liedl, (1994) has reported inter and 

intraspecific breeding behaviour in Solanum (Table 2.2). Genetic maps and QTL data are now 

available for public view in online repositories such as Clemson University Genomics Institute, 

Clemson, South Carolina (http://www.genome.clemson.edu/). MapPop software with optimum 

mapping resolution has been based on the 99 set of lines to provide permanent, high resolution 

mapping population (Ashrafi et al., 2009). Crosses between Solanum peruvianum and Solanum 

chilense have been used in breeding for nematode and TYLCV resistance but with limited 

success. This has been done through grafting resulting in development of deformed embryos 

and hence seeds not germinating. However, embryo culture has been used to circumvent the 

challenge (Stadler et al, 2005). 

http://www.genome.clemson.edu/
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Table 2.2: Inter and Intraspecific breeding behaviour in Solanum (Mutschler and Liedl, 1994) 

Recipient ♀ Recurrent ♂ 

 S. 

lycoper-

sicum. 

S. 

pimpine-

follium. 

S. 

cheesma-

niae. 

S. 

neorickii 

S. 

chmiele-

wskii 

S. 

habrochaites 

S. 

pennellii 

S. 

chilense 

S. 

peruvianum 

S. lycopersicum  

√ 

 

SC 

 

SC 

 

SC 

 

SC 

 

SC 

 

SC 

 

SC* 

 

SC* 

S. 

pimpinefollium 

 

SC 

 

√ 

 

SC 

 

SC 

 

SC 

 

SC 

 

SC 

 

NVS 

 

NVS 

S. cheesmaniae. SC SC √ SC SC SC SC NVS NVS 

S. neorickii USC USC USC √ SC SC SC NVS NVS 

S. chmielewskii. USC USC USC SC √  USC NVS NVS 

S. habrochaites USC USC USC USC USC SI/√ SC NVS NVS 

S. pennellii USC USC USC USC USC USC SI/√ USC USC 

S. chilense USC USC USC USC USC USC USC SI variable 

S. peruvianum USC USC USC USC USC USC variable variable SI/√ 

√, self-compatible; SC, successful cross; USC, unsuccessful cross; SI, self-incompatible; SC*, successful cross but need embryo rescue; NVS, 

no viable seeds on the fruits 
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2.7 Tomato market segmentation and utilization value chain 

2.7.1 Fresh market production 

Fresh market tomatoes comprise the largest group of tomato produced. Production is largely 

under open field (95%) and greenhouse or protected culture (5%) (Tigghelaar, 1986). Fresh 

market is further partitioned based on the approach used in the value chain: a) Retail chain – 

involves produce marketed in the open markets across Africa, road side groceries practices by 

small and medium entrepreneurs in rural and peri-urban centres. In addition, supermarkets 

found in small towns and large malls in the urban centres where consumers purchase tomato 

fruits for domestic purposes in salads, sauce, and other eateries (Ochilo et al., 2019). b) 

Consumer chain – where the fresh tomatoes are sold directly to the hotels and restaurants, urban 

and local centres households for own consumption. In addition, expatriates who make a tiny 

segment of the tomato market in Kenya usually shop in supermarkets or deliveries are made 

directly to their houses. The varieties sold in Kenya for the fresh market includes mini and 

amber plum for use in salads and snacking, cherry tomatoes used mainly in salads, large oval 

or round tomatoes used in fresh sliced and cooking (Sigei et al., 2014: KCSAP, 2019: Ochilo 

et al., 2019). Varieties demanded for fresh market must meet the following quality attributes:    

• Large round or oval with enough fresh juicy interior. 

• Firm fruits with adequate firmness to allow handling and shipment to distant markets 

without damage. 

• Uniformity in fruit size, shape and ripening and no internal or exterior deformities. 

Medium size tomato with fruit weight of 100-255g and diameter from 40-66mm are 

most preferred in the market. 

• In addition, the plant should mature early,  

• Growth habit that fit either open field (bush determinate or semi-determinate plant) 

cropping or greenhouse (indeterminate plant) cropping,  

• Adaptation to different environments and 

•  Resistance to diseases such as bacterial and fusarium wilt, yellow leaf curl virus, and 

nematodes, among others (Tigghelaar, 1986). 

2.7.2 Processing types 

Processing varieties are demanded by processors for use in wide range of processed items such 

as tomato sauce, paste and juices which increases intake of tomato product(s). Improved dietary 

consumption of tomato in many forms ranging from salads, sauces and as ingredient in many 

foods make it a dietary staple crop (Tigghelaar, 1986: Ochilo et al., 2019). Tomatoes for 

processing are grown by contracted farmers and companies but size of operations differ. Large 
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production units may be mechanized with controlled production systems. Improving raw 

material quality is the biggest challenge facing the management of tomatoes for processing 

(Teka, 2013). The desirable processing qualities for tomato cultivars include high total soluble 

solids (4-8o Brix), acidity not less than 0.4%, pH less than 4.5 and uniform red color (Mesquita 

et al., 2019). In addition, smooth surface free from wrinkles, small core, firm flesh, uniform 

ripening, pear fruit shape and fruit weight of more than 80g (Chattopadhyay et al., 2013). In 

the tropics, the environmental conditions limit not only the production but also postharvest 

phases. The high temperatures, high humidity, pest and diseases are the problems for the entire 

chain (Sigei et al., 2014). These can be controlled during production using protected 

cultivation, automated greenhouses, pest integrated management and cooling systems. These 

systems and technologies are more advanced in Europe and US than Africa and this is reflected 

in high yields recorded (Teka, 2013). The varieties demanded for processing are required to 

have specific traits such as:  

• Concentrated fruit set to allow for mechanical harvesting, compact and determinate 

varieties to fit the cropping regime such as irrigation and harvesting, Pests and diseases 

resistance (Chakraborty et al., 2007).  

• Tolerance to cracking and heat, easy fruit separation from the vine and adequate foliage 

cover to prevent sunburns (Tigghelaar, 1986).  

• High total soluble solids (4-8o Brix), acidity not less than 0.4%, pH less than 4.5 and 

uniform red color (Mesquita et al., 2019).  

• Smooth surface free from wrinkles, small core, firm flesh, uniform ripening, pear fruit 

shape and fruit weight of more than 80 g (Chattopadhyay et al., 2013).  

• Varieties with high polar diameter and pear/oblong shape fruits contain more pulp 

(Tiwari, 1996).  

• A minimum of 2-3 number of locules for proper fruit shape and high concentration of 

solids and ascorbic acid content. Ascorbic acid is present in higher concentration in the 

locules than in pericarp tissue (Thamburaj, 1998). 

The global standard for soluble solid and total solids in tomato fruits is between 5-7 (o Brix) 

from mature green fruit to full ripe and is measured using refractometer. There are six stages 

of tomato maturity based on USDA colour chart that range from green, breaker, turning, pink, 

light and red stages and these colours are measured using colour gauge (Teka, 2013). The best 

flavoured tomatoes are those with relatively high acid (>0.4%) and sugar contents (>4.5 o Brix). 

The sugar contents expressed as o Brix are determined using a HPLC (WATER 600, E USA). 

The fruit pH ranges from 4 to 5 and it is determined using pH meter. Total acidity content of 
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the fruit is analysed by potentiometric titration with 0.05M NaoH to pH 8.1, using 10ml of juice 

(Teka, 2013). In Kenya, according to KEBS, (2019) tomato fruits are graded in three classes 

namely, extra class, class I and class II. The first grade of extra class requires firm tomatoes (2-

3 N cm2), no defects, and no uneven distribution of green patches caused by physiological or 

pathological defects. In this class tomatoes are packed according to size coded 0 to 10 from 

<20mm to <102mm. The lead content in this class should not exceed 0.05 mg/kg and the 

tomatoes comply with maximum residue limits established by the codex committee on 

pesticides residue for commodity. 

2.8 Tomato cropping system in Kenya 

Tomato farming in Kenya is dominated by smallholder farmers. Tomato is grown under open 

field and greenhouse production system (Ochilo et al., 2019). However, there are limited 

studies that addresses the technical efficiency of open field and greenhouse production systems 

(KCSAP, 2019). According Wachira et al., (2014), one greenhouse tomato plant has a potential 

of giving up to 15 kg at first harvest, going up to 60 kg by the time it has completed its full 

cycle mostly in 1 year. Farmers can get 10 times more yield with greenhouse production system 

than with the open-field system of production (Seminis-Kenya, 2007). There are two broad 

categories of tomatoes grown in East Africa namely, i) determinate types which do not require 

pruning and can be grown under short trellis or mulched to avoid fruit rot after getting in contact 

with soil. ii) Indeterminate types which require support system of up to 1m using twine trellis 

in the open field or under greenhouse and pruned to 1-3 shoots (Dobson et al., 2002). Pruning 

entails selective removal of extra shoots and helps to ensure maximum light penetration into 

the plant, reduce excessive foliage, and focus the nutrients to the fruits and better agronomic 

management such as spraying and weeding (Amarti et al., 2002). The indeterminate varieties 

have a long harvest period window due to continuous flowering and fruiting stage when 

growing under favourable conditions. Determinate varieties have concentrated flowering and 

fruiting. The active growth stops three weeks after fruits reaches physiological maturity to 

allow ripening stage where ethylene gas production inhibits primary growth (Nasrin et al., 

2008). 

Tomato varieties grown in Kenya are further grouped into fresh market category or processing 

industry types. Varieties that are consumed when fresh are grown in open fields or greenhouse. 

They require specific features which includes shape (Kenya market prefer oval or saladette), 

high yield, firm fruits, juicy fresh with flavour, early maturity, long shelf-life and resistance to 

various biotic and abiotic stresses (Monsanto, 2013). Varieties for processing should have 

concentrated harvesting, uniformity of fruit shape and size, firm fruits with tolerance to 
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cracking, highly viscous and dry extract with pH of 4.2 - 4.4, biotic and abiotic stresses 

resistance, uniformity in ripening and easy detachment of fruits from the plant (Causse et al., 

2003). 

Fresh and processed tomato consumption has increased significantly. Fresh tomato 

consumption has increased by 41.7% between 2017 and 2018 (KNBS, 2019). However, farmers 

prefer growing processing tomato varieties rather than the fresh market tomatoes owing to its 

larger production cost and this explains the increasing demand gap for fresh market tomatoes 

(Ochilo et al., 2019). Similarly, smallholder farmers prefer determinate tomato types because 

of the management disadvantages associated with indeterminate types during crop cycle that 

include staking, tying and hedging. Moreover, these crop management practices require more 

labour, time, and hence higher cost of production. In addition, farmers have preference for 

determinate varieties that encourage concentrated fruiting of tomato crop with fruits that are 

relatively large (Sigei et al., 2014: Ochilo et al., 2019). The leading tomato processors, 

producing tomato sauce, puree, chilli sauce, among others in Kenya include Centro Food 

Industries PLC, Premier Food Industries PLC, Trufood PLC, Njoro Canning Factory PLC and 

Kunyu Industrial PLC. The main producing regions of fresh market and processing tomatoes 

include Kirinyaga, Kajiado, Bungoma, Kisumu, Kisii and Kiambu, among others. 

2.8.1 Greenhouse production system  

Greenhouse production system accounting for 5% of tomato production in Kenya. Some 

farmers are now planting indeterminate tomato varieties under protected culture in the 

greenhouse and small tunnels. Greenhouse tomato production helps to control the temperature, 

humidity, lower the pests and diseases incidences (GOK, 2012). The greenhouse system is now 

being promoted to increase productivity through efficient water utilization by use of drip 

irrigation. In addition, production of high-quality tomatoes throughout the year and intensified 

utilization of diminishing land due to continuous subdivision of family land to the siblings 

(Dobson et al., 2002). According to Gatahi (2020), some greenhouse tomato varieties in Kenya 

have potential of giving up to 15 kg per plant with production phase of 6-12 months. Similar 

systems in developed countries such as China (52 t ha-1), Spain (86 t ha-1) and USA (90 t ha-1) 

among others are well equipped and highly adapted (FAOSTAT, 2019). The systems have 

potential of giving not less than 60 kg per plant depending on the country modification and 

innovation (Gatahi, 2020). 

Varying costs of production and return levels exhibited by greenhouse and open field tomato 

production systems calls for careful considerations during their adoption. According to 

Seminis- Kenya, (2007), greenhouse production system can give 10 times more yields and 13 
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times higher net profit than the open field system (Wachira et al., 2014). However, greenhouse 

tomato production is expensive and requires more working capital. According to Wachira et al. 

(2014), total costs for open-field is estimated at KES 11.09/m2 while KES 254.18/m2 for 

greenhouse systems. These results imply that, greenhouse tomato production system was more 

costly and requiring more working capital compared to the open-field tomato production 

system. Wachira et al. (2014) further reported that, although both production systems had 

varying levels of variable costs, returns were high enough to offset those costs associated with 

production and the net profit was KES 169.11/m2 for greenhouse tomato while open-field had 

KES 12.99/m2.  

2.8.2 Open field production system 

Open field production system accounts for 95% of tomato production in Kenya. This system is 

either rainfed or irrigated. The irrigated systems use furrow or drips (Ochilo et al., 2019). Most 

determinate tomato varieties such as Roma VF and Cal J are grown in open field production 

system. These varieties produce up to 110 t ha-1 and the maturity rate range from 70 to 90 days. 

Future trend: tomato production in Kenya is expected to continue increasing for both fresh and 

processing types. However, proportions between greenhouse and open field tomato are likely 

to change, with greenhouse produced tomato increasing tremendously. This is because 

according to Tao et al. (2016), greenhouse has near ideal condition, shortened maturity rate, 

high productivity per unit area and prolonged production phase. 

2.9 Tomato growing constraints in Kenya 

Farmers in Kenya encounter several challenges that causes reduction in yields. Some of these 

production constraints are biotic and abiotic in nature (Mbaka et al., 2013). Examples of biotic 

constraints include pests and diseases. Abiotic constraints include environmental factors such 

as moisture stress and soil fertility which affect the normal growth and development of tomato 

crop resulting into yield losses. Apart from biotic and abiotic constrains, low production of 

affordable open pollinated varieties and unpredictable or fluctuating market prices have also 

led to production of low tomato yields. Inadequate market information, access, and exploitation 

of the farmers by the middlemen has led some small-scale farmers to abandon tomato farming 

for other crops like cabbage and maize (Kennedy, 2008: Kitinoja et al., 2011: KCSAP, 2019). 

In addition, there are few studies on technical efficiency potential of open field and greenhouse 

production systems to increase tomato production (Ochilo et al., 2019). Few studies on social-

economic characteristics of tomato growers and comparing the profitability of open field and 

greenhouse production further limits tomato production (Mwangi et al., 2020).  Studies to draw 

the cause of differences in low productivity of tomato in Kenya and the high yields of countries 
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in Europe, USA, China and North America are limited. These countries have greater economic 

and technical efficiency in tomato production systems. Adequate infrastructure, more 

favourable government policies and breeding programmes that produce improved tomato seeds 

give them a competitive advantage over the developing countries (Wu et al., 2017). According 

to Victoria et al. (2011), government such as Mexico has been encouraging adoption of the 

protected-culture technologies in the horticulture industry. At the same time subsidy for various 

production practices including greenhouse and high tunnels are available. 

2.9.1 Biotic constraints 

Biotic constraints of economic importance in tomatoes include diseases and pests. The major 

diseases are bacterial wilt, fusarium wilt, tomato yellow leaf curl disease, late and early blight 

(Kenneth, 2014). 

2.9.1.1 Bacterial Wilt 

Ralstonia solanacearum which is a soil borne, gram negative, non-spore -forming bacterium is 

the causal agent for bacterial wilt disease of tomato (Hayward, 1991). Early symptoms of 

disease include wilting of the upper leaves which later progresses downwards until the entire 

plant is wilted (Figure 2.7).  

 

Figure 2.12: Symptom of bacterial wilt of tomato caused by R. solanacearum showing wilting 

of foliage and stunting of plant (Champoiseau and Momal, 2008). (Photo courtesy of C. Allen, 

University of Wisconsin)  

The leaves at the bottom may drop before wilting (Champoiseau and Momal, 2008). R. 

solanacearum is usually found in the vascular vessel of the plant but later migrate to the cortex 

and pith in advanced stages of invasions causing yellow-brown discoloration of tissues 

(Beckman, 1964). The infection can be confirmed by cutting the infected stems and immersing 
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them in clean water; white streak of bacterial ooze at the cut ends indicating presence of the 

pathogen (Figure 2.8).  

 

Figure 2.13: Bacterial streaming in clear water from stem cross-section of plant infected by R. 

solanacearum (Champoiseau and Momal, 2008). (Photo courtesy of University of Georgia, 

Plant Pathology Extension) 

Bacterial wilt of tomato is mainly found in the tropics, sub-tropics and some temperate regions. 

In Kenya, R. solanacearum pathogen causes infection in high altitude areas such as Kirinyaga, 

Kajiado, Muranga counties. The disease causes more than 64% yield losses on crop grown 

under greenhouse and yield losses of 100% on crops under open field cultivation (Mbaka et al., 

2013). The available management strategies for bacterial wilt include field sanitation, crop 

rotation, use of resistance varieties and use of biological control agents such as Trichoderma 

(Yendyo et al., 2017). 

2.9.1.2 Fusarium wilt  

Infection is caused by Fusarium oxysporum f.sp. lycopersici which is spread through the soil. 

Fusarium wilt is among the most devastating tomato disease globally and occurs in most 

regions where tomatoes are grown. In Kenya, the yield losses are between 10 to 80% (CABI, 

2019).  The fungus causes drooping, yellowing, wilting and eventual death on one side of the 

plant (Kenneth, 2014) as shown in Figure 2.9. Affected branches and leaves easily fall off the 

plant. At the advanced stage, characteristic browning of vascular vessel is noted resulting into 

stunted growth and death of the affected plant (Maja et al., 2012). The available management 

options for fusarium wilt of tomato are; use of cultivars resistant to the disease, optimum 

application of nitrogen fertilizer to avoid excess, raising acidic soils pH with lime or farmyard 

manure and avoiding planting in areas where the disease has been known to occur. 
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Figure 2.14: Tomato wilt caused by Fusarium oxysporum f.sp. lycopersici. The symptoms 

observed include drooping, yellowing, wilting and eventual death on one side of the plant 

(Photo sourced from University of Maryland Extension Website: 

https://extension.umd.edu/resource/fusarium-wilt-tomatoes) 

2.9.1.3 Tomato Yellow Leaf Curl disease 

Tomato yellow leaf curl (TYLCV) is a viral disease in tomatoes which is transmitted by the 

whiteflies and causes up to 100% yield losses (CABI, 2019). According to AVRDC, (2004) 

report, TYLCV is distributed widely in tropical and sub-tropical areas after its first report in 

the Middle East in 1931. In Kenya, the disease causes devastating losses in tomatoes especially 

during the long rain season which leads to acute commodity shortage (CABI, 2019). This 

shortage of tomato in the market increases demand which triggers the increase in prices. 

Affected plants show severe stunted growth with erect shoots. The leaflets appear small, curled 

upwards with prominent yellowing along margins and between the veins and are clumped 

together (AVRDC, 2004) (Figure 2.10). When infection occurs at the flowering stage, the 

flowers will wither and fall. However, the fruits of the affected plant appear normal. The use 

of resistant or tolerant cultivars, pesticide to control whiteflies, avoiding continuous growing 

of tomatoes and removing diseased plants are among the management approaches of this 

disease (Michael et al, 2009). 

  

https://extension.umd.edu/resource/fusarium-wilt-tomatoes
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Figure 2.15: Tomato showing symptom of TYLCV; small leaflets, that are clumped together 

and curled upwards with prominent yellowing along margins and between the veins (Monsanto, 

2013) 

2.9.1.4 Early blight 

Early blight (Alternaria solani) affects entire plants parts comprising the leaves, stem, and fruits 

(McGovern et al., 1999). The disease causes devastating economic losses in warm dry areas of 

tropics, sub- tropics, and temperate zones (CABI, 2019). In Kenya early blight causes 20- 70% 

yield losses (CABI, 2019) in tomato growing regions. Symptoms on leaves appear mainly on 

mature leaves but start as small, brownish to black lesions that later extend to half inch (1.3 

cm) diameter and have a concentric shape. Under high infection significant senescence occurs 

on lower leaves, resulting to sunscald of fruits (Sherf et al., 1986). Infection on the fruit starts 

at pedicels or the upper blossom end of the fruit. The fungus affects both green and red fruits. 

Infection is manifested as dark lesions that expand in a circular fashion affecting large 

proportion of fruit. Black velvety mass of fungal spores characterizes mature lesions on fruit 

(Jones et al., 1991). Diseased stems have enlarged concentric dark, slightly sunken lesions 

(Figure 2.11). Basal girdling and death of seedlings occurs as phenomenon called collar rot 

(McGovern et al., 1999). Disease management strategies include use of preventive copper 

hydroxide spray, use of seeds that are certified hence does not have disease, using resistant 

varieties and practising cultural regimes like rotation of crops from season to season and 

pruning of indeterminate plants. 
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Figure 2.16: Tomato leaf showing early blight symptoms that include small, black lesions that 

later extend to 1.3 cm diameter and have a concentric shape (left). Early blight fruit rot 

symptoms on tomato fruit (right). (Photo sourced from University of Minnesota Extension 

website: https://extension.umn.edu/diseases/early-blight-tomato) 

2.9.1.5 Late blight  

Phytophthora infestans is the causal agent of late blight that causes 30- 60% loss of the crop 

(CABI, 2019) in Kenya. In Africa, the disease is widely distributed in most tomato growing 

countries such as Tanzania, Nigeria, Ethiopia, Angola, Uganda, and Zambia among others 

(CABI, 2019). In tomatoes, disease affects leaves, stem, and fruits (Figure 2.12). Leaves and 

stem symptoms are similar and include irregular, watery spots enlarging to pale green and 

brownish-black lesions extending to big proportion of stem and leaves (Nelson, 2009). In 

humid weather conditions, lesions on the underside of leaf might have a grey to white mouldy 

growth covering. At the advanced stages of the disease leaves colour changes from green to 

yellow later the leaf turns brown, curls, shrivels, and dies (Agrios, 2005).  Point of infection 

may collapse resulting in death of all distal plant parts. Disease indicators on green fruit include 

dark, olivaceous greasy spots that form thin layer of white mycelium in wet weather (Nelson, 

2009). Disease control strategies entails use of resistant cultivars, staking, pruning 

indeterminate plants and use of fungicide sprays.  

 

https://extension.umn.edu/diseases/early-blight-tomato
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Figure 2.17: Symptoms of late blight on tomato stem, leaves and fruits. Irregularly shaped 

water-soaked lesions on young leaves at the top part of the plant. Lesions become brown and 

pathogen sporulation can be seen. Circular greasy lesions on the firm fruit. Spots on fruits 

enlarge and become leathery and chocolate brown (Photo sourced from University of 

Massachusetts Amherst website: http://ag.umass.edu/home-lawn-garden/fact-sheets/late-

blight-on-tomatoes) 

Important insect pests of tomatoes 

The most important pests of tomatoes in Kenya are red spider mites, leaf mining moth, 

whiteflies and nematodes. 

2.9.1.6 Red spider mites (Tetranychus spp) 

Red spider mites (Tetranychus spp.) are small insects belonging to the Arachnida family that 

have been reported in Kenya, Mozambique, Malawi, Namibia, Zimbabwe, and Zambia as one 

of the major constraints in tomato production. Serious losses in tomato production are 

experienced within a week time if the pest population is beyond economic threshold level 

(CABI, 2019). Symptoms of infestation on leaves include white to yellow marking turning pale 

or bronzed eventually. High infestation results in leaves fall and formation of smaller fruits 

containing low amount of ascorbic acid also known as vitamin C (Elisa, 2012). Spider mite 

(Tetranychus evansi) that affect tobacco also affects tomato crop. It destroys plants fast under 

http://ag.umass.edu/home-lawn-garden/fact-sheets/late-blight-on-tomatoes
http://ag.umass.edu/home-lawn-garden/fact-sheets/late-blight-on-tomatoes
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hot and dry conditions (Seif et al., 2003). Plants with high numbers of this mite are enclosed 

by a spider web and an orange cloud of mites. 

Management strategies include use of chemical spray, proper cultural practices such as 

irrigation and weeding to avoid water stress and remove alternative hosts, use of biological 

control such as Phytoseiulus persimilis and Amblyseius californicus that are antagonistic to the 

pest therefore reducing its population size (Plantwise, 2013). 

2.9.1.7 Leaf mining moth (Tuta absoluta) 

Commonly known as leaf mining moth, is very devastating to tomato crops and the most 

destructive stage is the larvae stage that is completed in 15 days (Harizanova et al., 2009). Tuta 

absoluta causes 50- 100% yield losses (CABI, 2019) in all tomato growing regions in Kenya 

and it’s a serious pest of in tomato production worldwide (CABI, 2019). Tuta absoluta has a 

wide host range such as eggplants, potatoes, sweet pepper among other crops. The insect 

damage to the plant is manifested as puncture marks on both the fruit and leaves, abnormal 

shape of leaves, exit holes on fruits, rotting of fruit due to secondary infective agents, and frass 

on the fruits. The pest can be controlled by removal of infected leaves to eliminate the eggs in 

the leaves and therefore discontinuing the lifecycle. Use of systemic insecticide can be 

employed to target the destructive larvae stage of the insect. Good cultural practices including 

weeding on time, rotation and fertilization can also help manage the pest (Abeba et al., 2015).  

2.9.1.8 White flies 

These are known as Bemisia tabacii and have mouth parts adapted for piercing and sucking. 

Whiteflies feed on lower side of leaves and this causes deformation of young leaves (Colin et 

al., 2015). Whiteflies are present in all tomato growing region and have a wide host range 

including tomato, cassava, guava, sweet potato, among others. In Kenya, the pest causes yield 

losses between 35-90% (CABI, 2019). Symptoms of whitefly infestation on tomato fruit 

include irregular ripening of the fruit and for those fruits that ripen, the inside of the fruit remain 

green. Both the adult and the nymph stage are destructive as both have piercing and sucking 

mouth parts. Apart from the physical damage they cause on the plant leaves, whiteflies are also 

vectors of most plant viruses which have devastating effect to the tomato plants. Tomato yellow 

leaf curl virus is one of the plant viruses transmitted by the pest. 

Management strategies include use of chemicals to control whiteflies, use of reflective surfaces 

that attract the insect then kill it by reflective heat and use of trap crops that reduce pest pressure 

on the tomato crop. (Muhammad, 2007). 
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2.9.1.9 Root-knot nematodes 

 Root-knot nematodes (Meloidogyne spp) are small round, very destructive worms in the soil 

and in tomato plants (Awol et al., 2015). In Kenya root- knot nematodes cause 30- 50% yield 

losses (CABI, 2019) in tomato production. Nematodes penetrate the plant roots via injuries on 

the roots causing small lumps (root knots or galls) as they breed in the roots. Heavy infestation 

leads to severe distortion and swelling leading to eventual rotting of the root (Awol et al., 2015). 

The affected plants get stunted and die in hot weather (Figure 2.13).  

    

Figure 2.18: Tomato infected by root knot nematode (Meloidogyne incognata). A: root knots 

or galls and B: stunting on tomato 

In some cases, nematodes interact with other pathogens such as Fusarium oxysporum f.sp. 

vasinfectum, Ralstonia solanacearum and Xanthomonas campestris in the soil causing a disease 

complex that is more severe than either component on its own (Jaiteh et al., 2012). Example 

interactions between Ralstonia solanacearum and/or Xanthomonas campestris and 

Meloidogyne javanica cause significant reductions in tomato growth, compared to effects of 

the individual pathogens (Davide, 1972). Nematodes are controlled through proper rotation 

with crops that are not nematode hosts; use of improved varieties that have resistance, soil 

treatment using heat; using commercially accepted chemical fumigants, and biological control 

using microbes or plant extracts that are antagonistic to nematodes. 

2.9.2. Abiotic constraints 

2.9.2.1 Drought 

Drought is a complex stress that leads to change in the physiology and morphology of a plant 

as well as biochemical and molecular traits (Seyed et al., 2016). It is caused by several factors 

including low rainfall, extreme temperatures, salinity, and light intensity that are higher than 

optimum requirement (Seyed et al., 2016). Pervez et al. (2009) observed that drought stress 

during the active growth stage or early in the anthesis stage results in decreased yields, low 

number of seeds, reduced size of seed and poor seed quality. Symptoms of drought stress on 

Stunting on tomato A 
B 
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tomatoes include leaf curling, slow growth, reduced leaf surface area and flower abscission. In 

addition, mineral deficiency owing to poor nutrient uptake, reduced fruit size, fruit showing 

splitting and puffiness and various physiological disorders were attributed to deficiency in 

calcium leading to blossom end rot and low seed viability (Kumar et al., 2012). According to 

Koenig et al. (2008), market price fluctuations in Kenya was attributed to the seasonality in 

tomato production that is associated with unfavourable weather conditions. Koenig et al. (2008) 

also reported low production of tomato between May- August and November- December 

forcing Kenya to supplement through importation (27,000 tonnes annually) from Uganda, 

Tanzania, and Ethiopia.  According to Moranga, (2016), the 2008-2011 drought alone caused 

an estimated tomato crop loss of 23% nationally and the highest crop loss of about 45% was 

registered in Coast region of Kenya. Timely irrigation, use of tolerant varieties and practicing 

cultural management such as mulching have reduced effects of drought stress on fruit yield and 

quality characteristics of tomato. However, there are few studies conducted in Kenya.  

2.9.2.2 Salinity 

Excessive salts in soil solution cause salinity in plants (Jian-Kang Zhu et al., 2007). Symptoms 

of excess salt in soil on tomatoes include reduced growing rate, size of fruit and reduction in 

total fruit yield. The physiological mechanisms underlying these symptoms includes water 

deficiency emanating from reduced water potential in the root area, toxic effect of ions (Na+ 

and Cl-), and decreased uptake and transportation of nutrients into the shoot causing nutrient 

imbalance (Pengfei et al., 2016). However, higher amounts of fructose, glucose, total soluble 

solids, amino acids, and organic acids were shown in tomato grown in high-saline environments 

(Sato et al., 2006). Salinity stress can be managed by use of tolerant varieties, irrigation and 

use of farm inputs like phosphatic fertilizers that bring down the salinity levels in the soil. 

2.9.2.3 Temperature stress 

Temperature stress results from high or low temperature conditions. Tomato plants grow best 

over a range of moderate temperature regimes, but extremely high or low temperatures 

negatively affect plant development and growth processes (Adams et. al., 2001). Fluctuations 

in temperature affect pollen production, rate of flower opening, and rate of truss production. 

High temperature stress causes decrease pollen grains produced, germination of pollen plus 

fruit set consequently leading to low yields (Adil et al., 2003). Heat stress also lowers the rate 

of photosynthesis and causes a decrease in the rate of translocation of nutrients through plant 

vascular system leading to nutrient and water deficiency. Cold stress slows down the rate of 

development and growth processes of the plant (Adams et al., 2001) 
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2.10 Review of Bacterial wilt disease as the key focus of this study 

Bacterial wilt (Ralstonia solanacearum), a soil transmitted beta- proteo bacterium, is a 

devastating plant pathogenic bacterium that infects over two hundred plant species in 50 plant 

families. The wide host range includes crops such as potato, tomato, pepper, tobacco, eggplant 

and banana (Denny 2006; Hayward 1991). R. solanacearum has extensive genetic diversity and 

is grouped into races with five biovars depending on the ability to produce acid from panel 

carbohydrates as reported by (Denny, 2006) and lately genomovars, phylotypes and sequevars 

(Prior, 1990b). Table 2.3 shows the current classification of R. solanacearum into, phylotypes, 

sequevars, biovars, ecotype, races, and species (Garcia et al., 2018). Races and biovars are 

subspecies or intraspecies of bacterial strains. Phylotypes are defined as monophyletic clusters 

of strains revealed by phylogenetic analysis of the ITS region, hrpB gene and egl gene (Fegan 

and Prior, 2005). A sequevar, also known as sequence variant, is defined as group of strains 

with a highly conserved sequence. currently over 20 sequevars have been identified based on 

the partial endoglucase gene sequence (Garcia et al., 2018). 

 Four phylotypes based on the strains geographical origin have been identified. The four are 

Phylotype I native to Asia, Phylotype II native to America, Phylotype III native to Africa, and 

Phylotype IV native to Indonesia. Two sub-clusters exist in Phylotype II denoted as IIA and 

IIB (Fegan and Prior, 2005). However, there is no relationship between Phylotypes and host 

preference because strains found within the phylotypes can cause disease on other Solanaceous 

family (tomato, pepper, eggplant and tomato) (Cellier and Prior, 2010; Lebeau et al., 2011). 

According to Vasse et al., (2000), the virulence of R. solanacearum is triggered through a 

molecular syringe known as the type three secretion system (TTSS) whose structural and 

regulatory elements encoded by hrp (hypersensitive response and pathogenicity) genes. The 

molecular syringe injects effector proteins that favour bacterial infection through subverting 

and exploiting host signalling pathway to avoid detection (Poueymiro and Genin, 2009). 

 

Table 2.3: Ralstonia solanacearum current intrasubspecific classification Garcia et al. 

(2018) 

Phylotype Sequevar Biovar Ecotype Races Species 

I 12, 14, 16, 18 3, 4, 5 BW of Solanaceae, 

ginger, mulberry 

1,4,5 Ralstonia 

pseudosolanacearum 

IIA 1, 2, 3, 4, 5, 6, 7, 

CIP10, CIP223, 

NCPPB3987 

2-T, 1, 

2 

BW of Solanaceae, 

Musa spp. 

1, 2, 3 Ralstonia 

solanacearum 



41 
 

IIB 1, 2, 3, 4, 5, 6, 7, 

CIP10, CIP223, 

NCPPB3987 

2-T, 1, 

2 

Moko disease, NPB, 

brown rot of potato, 

BW of tomato and 

geranium 

1, 2, 3 Ralstonia 

solanacearum 

III 19, 20, 21, 22, 23 2-T, 1 BW of Solanaceae 1 Ralstonia 

pseudosolanacearum 

IV 8, 9, 10, 11 2-T, 1, 

2 

BW of Solanaceae, 

BDB of Musa spp., 

Sumatra disease of 

clove 

1 Ralstonia syzgii 

BW= bacterial wilt: Non-pathogenic to banana (NPB) are new pathogenic variants highly 

virulent to Anthurium, Heliconia, and cucurbits but not bananas; BDB= blood disease of banana 

2.10.1 Symptoms and signs of Ralstonia solanacearum 

Bacterial wilt incidence in tomato is exhibited through drooping lower leaves of the infected 

plant and stunting of the whole plant before wilting become evident (Hayward 1991). The plant 

later starts to wilt and die with no yellowing of leaves (Figure 2.7). This is caused by the 

clogging or breakdown of the vascular system after invasion by the bacterium and the 

development of adventitious roots are enhanced. A cross sectional cut of the stem shows exude 

of slimy white bacterial material (ooze) from the vascular bundles when suspended for few 

minutes in clear water (Figure 2.8). This bacterial exudate (ooze) clearly differentiates bacterial 

wilt disease from other wilts such as Fusarium and Verticillium wilt (Anon, 1979: Hayward, 

1991). Unlike mature plants, young tomato plants are more susceptible to R. solanacearum.  

Natural infection is easily observable from flowering stage in the field (Hayward, 1991). 

2.10.2 Epidemiology of bacterial wilt in tomato 

R. solanacearum is a soil borne pathogen that enters host plants through roots and the vascular 

bundle via wounds arising from lateral root emergence and by soil-borne organisms for 

example insects and nematodes (Adebayo, 2006). The pathogen is spread by use of 

contaminated surface or irrigation water and use of contaminated farm implements especially 

during crop husbandry (Kelman and Sequeria, 1965).  Disease pathogen can survive longer in 

the soil and water facilitating repeated spread in irrigated fields. Pathogen  

2.10.3 Environmental interactions 

Temperature has been identified as an important aspect influencing the host pathogen 

interaction and survival in the soil.  Increase in ambient temperature from 29 to 35oC accelerate 

the incidence and rate of bacterial wilt invasions (Champoiseau and Momol, 2009). Growth 
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and development of the pathogen is hampered at temperatures below 18ºC (Hayward, 1991) 

but the pathogen undergoes a physiological latent state for survival (Champoiseau and Momol, 

2009). According to Huerta et al. (2015), tropical highland race 3 biovar 2 strain do not cause 

disease in tropical lowlands, even though they are virulent at warm temperatures. This suggests 

that adaptation of a strain to a specific temperature highly influences their competitive index. 

In addition, some strain such as K60 produce different bacteriocin that inhibit growth of other 

strains such as UW551 in culture. In tomato, resistance is attributed to ability of stems to limit 

colonization and is temperature dependent. A study on tobacco in Kenya by Bittner et al. (2016) 

reported that resistant varieties have shown disease symptoms as temperatures increases. 

Increase in soil moisture due to high rainfall or high-water table favours the development of 

the bacterium (Abdullah et al., 1983; Kelman, 1953). Other factors affecting pathogen 

virulence and disease severity includes soil moisture content, organic matter, water pH and salt 

content, soil type and structure, and presence of antagonist microorganisms (Fajinmi and 

Fajinmi, 2010). R. solanacearum is favoured by moist acidic soils with pH less than 7.0. 

According to (Fajinmi and Fajinmi, 2010), under high temperatures between 24 to 35oC and 

moisture ranging from 155.6mm to 495.2mm, the virulence of the pathogen in the soil is high. 

This results to high pathogen multiplication rate and hence high bacterial wilt severity index 

(up to 100).  

Kelman (1953) reported synergistic interaction in host plants between R. solanacearum and 

root knot nematode. The study reported that nematodes cause wounds on tomato roots that are 

entry point for R. solanacearum pathogen. In addition, the nematodes (Meloidogyne spp) 

infestation accelerates bacterial wilt disease development by 56% (Kelman, 1953). Nirmaladevi 

and Tikoo, (1992) reported findings that confirmed the earlier report of Kelman,  

(1953) that nematodes infection at the root zones have positive correlation to bacterial wilt 

incidence and spread in tomato. Increased wounds on roots caused by nematodes increase the 

surface area for pathogen entry exposing the plant tissue to more colonisation by the bacterial.  

Meloidogyne incognita activities in roots are increased at temperatures between 27 and 32°C 

for susceptible tomato varieties (Otipa et al., 2003). Deberdt et al., (1999) also reported that 

nematodes injury to the plant resulted in decreased genetic resistance to bacterial wilt disease.  

2.10.4 Bacterial wilt management strategies 

According to Huet, (2014), controlling R. solanacearum requires integrated strategies because 

the bacterium can infect crops at various stages in the soil after transplanting. The source of 

inoculum includes contaminated irrigation water, farm equipment and infected planting 

materials such as seeds and rootstalks. Therefore, it is recommended to start production with 
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healthy planting material and use of irrigation water known to be free from bacterial wilt 

causing pathogen (French, 1994).  

Lopez and Biosca, (2005) recommended practising crop rotation of 2 to 5years for infested soil 

with R. solanacearum, removing hosts weeds and use of pathogen-free irrigation water to help 

reduce the bacterial load. McCarter, (1991) suggested that farmers should ensure the farming 

implements are disinfected and irrigation controlled to reduce the disease spread through water 

and plant certified seeds in an effort reduce disease. Chemical control of R. solanacearum 

according to Saddler, (2005) and Denny, (2006) did not prove efficient and was harmful to the 

environment. Localization of bacterium in deeper soil layers, within infected plants xylem 

vessels and weeds making it difficult for the chemical to eradicate (Wenneker et al., 1999).  

Use of biological antagonistic bacteria and avirulent mutants of Ralstonia solanacearum are 

recommended for use under controlled conditions but field experiments to confirm have not 

been conducted (Saddler, 2005). According to Frey et al., (1994), avirulent mutants of R. 

solanacearum known as hrp− mutants strain has extensively been studied and multiplied in the 

tomato and potato fields infected with bacterial wilt and did not help reduce the infection. Many 

Ralstonia solanacearum disease management strategies have not proved efficient and hence, 

the use of resistant cultivars is the most promising disease control strategy (Hayward, 1991). 

2.10.5 Plant defence mechanism 

Jones and Dangl, (2006) documented two levels of plant defence mechanism or plant immunity; 

a) Pattern recognition receptors (PRRs) use cell surface pattern to detect pathogen-associated 

molecular patterns (PAMPs) to initiate PAMP-triggered immunity (PTI) 

b) Nucleotide-binding leucine-rich repeat (NB-LRR) proteins are encoded by resistance(R) 

genes that sense pathogen effectors and elicit protein immune response known as effector-

triggered immunity (ETI). The ETI leads to localized death or suicide known as hypersensitive 

response (HR), which stops pathogen spread from the point of infection.  

According to Young, (1996), plant resistance to pathogen attack occurs when both resistance 

(R) genes and cognate avirulence (Avr) protein are present. This results to a qualitative 

resistance that gives a complete resistant phenotype as compared to quantitative resistance. 

Quantitative resistance gives tolerant or incomplete resistance that only result in reduction of 

the disease but not complete eradication.   

2.10.6 Sources and Genetics of Resistance to Bacterial wilt 

Resistance of bacterial wilt in cultivated tomato originated from Solanum pimpinellifolium, 

Solanum lycopersicum var. cerasiforme. Cultivars with gene for resistance to bacterial wilt can 
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be traced to three sources: (i) PI127805A (Solanum pimpinellifolium) that was first identified 

at the University of Hawaii and was the donor of bacterial wilt resistant in Kewalo (Gilbert et 

al., 1973). This cultivar is characterised by a bushy growth type with small red fruits (1.5 cm 

diameter) and facultatively autogamous (Alsam et al., 2017). (ii) CRA66 (Solanum 

lycopersicum var. cerasiforme), a small fruited landrace found by researchers at the Institute 

National de la Recherche Agronomique (INRA) in French West Indies, was the resistant source 

in Caraibo and Caravel (prior et al., 1994). (iii) PI129080 (S. pimpinellifolium) which was the 

source of North Carolina resistance (Henderson and Jenkins, 1972) (Table 2.4). This was prior 

to the identification of the first resistant accession PI127805A in 1964 (Acosta et al., 1964; Yin 

et al., 2005; Yang and Francis, 2007; Alsam et al., 2017). 

Additional sources of bacterial wilt resistance have been identified but not extensively 

exploited following their small fruit sizes and poor horticultural characters (Hanson et al., 

1998). According to Wang et al., (2018), polygenes control the resistance to R. solanacearum 

and the genetics of how this occurs is complex. As reported by Yang and Francis (2007), 

minimum of seven Quantitative Traits Loci (QTLs) located on six chromosomes (3,4,6,8,10 

and 12) identified on the resistant line Hawaii 7996 from PI127805A and three QTLs on 

chromosomes (6,7 and 10) from accession L285 derived from S. lycopersicum var. cerasiforme. 

Both resistance sources have R. solanacearum R genes QTLs on chromosome 6 in the same 

location and a possible gene cluster for the resistance, or a locus region have resistance to 

different pathogen strains. The stable QTL region on chromosome 6 present an opportunity for 

developing high resistance cultivars to bacterial wilt suited to overcome strains found in 

different regions (Wang et al., 2004). Kim et al., (2018) identified recently single nucleotide 

polymorphic (SNP) markers with close association to two QTLs: Bwr-6 on chromosome 6 and 

Bwr-12 on chromosome 12 which assist in developing resistant cultivars using marker assisted 

selection technique.  

According to study by Bitew (2018) in Ethiopia using 16 wild tomato species tested in two 

environments reported significant resistance of accessions LA1777 and LA716 to Tuta 

absoluta pest attributed to presence of trichomes.  
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Table 2.4: Sources of resistance for the R. solanacearum in tomato and location on the 

chromosome (NA: means no information available) (Yuqing et al., 2018) 

Resistance genotype Origin of 

resistance 

Chromosome Marker 

name 

Marker 

type 

Reference 

PI127805A PI127805A  NA NA NA Gilbert et 

al., 1973 

CRA66 CRA66  NA NA NA Prior et 

al., 1994 

PI129080 PI129080  NA NA NA Henderson 

and 

Jenkins, 

1972 

Hawaii7997 PI27805A  NA NA NA Scott et 

al., 2005 

Hawaii7998, BWR-1, 

BWR-22, BWR-23, 10-

BA-3-33, 10-BA-4-24, 

High power, Super high 

power, Doctor Q, Ailsa 

craig, Divisoria 

PI370093 5 Rx3-LI CAPS Kim et al., 

2018 

TA04, TA06, TA08, 

TA10, TA18, Baozhen 

no. 5, Baozhen no. 6 

Undetermined NA NA NA Mo et al., 

2013 

T034, T103 Undetermined NA NA NA Jing et al., 

2016 

Dongxifang, Quinnong, 

Yongshi 

Undetermined NA NA NA Li et al., 

2016c 

L285 L285  6,7,10 CT184, 

TG135, 

TG285 

RFLP Danesh et 

al., 1994 

Hawii7996 PI127805A 6,4,10,3,8, TG118, 

CP18, 

TG268, 

GP165, 

CP105, 

GP226, 

CP112 

RFLP Thoquet et 

al., 1996 

Hawii7996 PI127805A 6 TG118, 

TG240 

RFLP Mangin et 

al., 1999 

Hawaii7996 
 

PI127805A 12 KHUI-1, 

KHUI-2, 

KHU-3, 

KHUI-4, 

KHUI-5, 

KHUI-6 

SNP Kim et al., 

2018 
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2.11 Tomato breeding 

The current tomato breeding technologies are important for the improvement of crop 

productivity and production (Tester and Langridge, 2010). Their adoption is a positive step 

towards enhancing improvement of tomato productivity and production. This is expected to 

reduce the gap between demand and supply of tomato especially in Kenya that has led to 

importation of tomato due growing population and associated environmental changes. Plant 

breeding programs have been effectively enhanced by the advances in molecular biology and 

bioinformatics. Molecular tools have capacity to effectively analyse large numbers of traits and 

crosses and to generate new breeding schemes and programs. Tomato has been preferentially 

selected to study the process of fruit development and the molecular basis of fruit set and 

development has been due to advances in functional genomics techniques (Fentik, 2017). 

2.11.1 Breeding objectives 

Owing to high food and nutrition value of tomato, the demand for the produce is rising (Ochilo 

et al., 2019). However, biotic, and abiotic stresses affect tomato production. There are many 

environmental stresses that limit the production such as drought, salinity, and high temperatures 

among other factors. These challenges have led to decrease of crop yields and increased 

production costs (Sigei et al., 2014). Therefore, the main objective for molecular and genetic 

plant breeding is development and improvement of stress tolerance in tomato. Tomato breeding 

plays an important role in development of pests and disease resistant cultivars. 

2.11.1.1 Breeding for productivity in open and protected environments 

Fruit yield is one of the most important tomato breeding objectives and the traits associated 

with fruit formation affects the yields directly (Fentik, 2017). The fruit size depends on the 

number and volume of cell layers in the pericarp of the fruit and expansion in the fertilized 

ovaries. Through domestication, tomato fruit yield has been increased as a result of mutations 

associated with fruit size and genetic studies have identified the genes influencing the cell cycle, 

carpel number and fruit set. Heterosis and the development of hybrids play an important role 

in yield increase (Azzi et al., 2012). 

2.11.1.2 Breeding for disease resistance 

Tomato breeding for resistance to the most destructive diseases and pests is a common breeding 

objective. Polygenic resistance has been obtained due to the availability of linked molecular 

markers to known genes for resistance and this has been achieved with the release of tomato 

genome sequence (Fentik, 2017). Protocols applied by AVRDC for selection process of tomato 

disease resistances, horticultural traits, and fruit quality and nutrient contents in the laboratory, 
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greenhouse and field have led to development of fresh market tomato lines resistant to late 

blight, bacterial wilt, fusarium wilt, tomato yellow leaf curl disease among others (Hanson et 

al., 2016). They also came up with protocols for sequencing of molecular markers. For 

example, selection of bacterial wilt resistance trait.  Hanson et al. (2016) followed a protocol 

by Wang et al. (2013) for selection process in the greenhouse by seedling drench inoculation. 

They sequenced using Forward primer sequence 5’–3’ ATCTCATTCAACGCACACCA and 

Reverse primer sequence 5’– 3’ AACGGTGGAAACTATTGAAAGG for SLM12-2 markers, 

Forward primer sequence 5’–3’ ACCGCCCTAGCCATAAAGAC and Reverse primer 

sequence 5’– 3’ TGCGTCGAAAATAGTTGCAT for SLM12-10 markers, with SCAR marker 

type and BstN1 enzyme at 55◦C Annealing temperature. Tomato breeding for resistant to 

insects has not been successful because screening and selection methods to exploit the existing 

genetic variability for insect resistance are difficult to develop. In addition, insect resistance 

has received low priority in applied breeding programs since the use of pesticides has 

effectively controlled most of the major tomato insect pests (Lucatti et al., 2013). 

2.11.1.3 Breeding for abiotic stress tolerance 

Environmental stress factors which are the abiotic stress is a major constraint to tomato yield 

potential. Lately, studies on molecular environmental stress tolerance with much emphasis on 

the tolerance mechanisms relating to individual stresses have been reported. Abiotic stress 

includes stress such as chilling, high temperature, osmotic shock, drought, salinity, water 

logging, wounding, exposure to ozone, toxic ions, excessive light and UV-B irradiation (Rehem 

et al., 2012).  Abiotic stresses are multifaceted and controlled by links of different genetic and 

environmental factors, that pose a challenge to plant breeding strategies (Da Silva and de 

Oliveira, 2014). These stress factors impact the whole plant physiology unfavorably, changing 

the plant metabolism, growth and development (Mishra et al. 2012). Therefore, plant breeding 

research work that aims to enhance tolerance to different environmental stresses has recently 

increased. The approaches used in these studies included introduction of various genes involved 

in regulatory and signaling pathways and stress-mitigating enzymes (Vincour and 

Altman, 2005). According to Khare et al. (2010), overexpression of the mt1D gene 

from Escherichia coli under control of the CaMV 35 S promoter in genetically engineered lines 

of tomato plants (cv. Pusa Uphar) enhanced tolerance to abiotic stresses such as cold, drought 

and salinity. Similarly, studies by Herbette et al. (2011) showed that overexpression of 

glutathione peroxidase, a GPx, enzyme that uses glutathione as a substrate made tomato plants 

more tolerant to mechanical abiotic stress and less resistant to biotic stress. Pineda et al. (2012) 

proposed the transformation of plants with HAL genes (originating from Saccharomyces 

https://link.springer.com/article/10.1007/s10725-017-0251-x#ref-CR122
https://link.springer.com/article/10.1007/s10725-017-0251-x#ref-CR23
https://link.springer.com/article/10.1007/s10725-017-0251-x#ref-CR96
https://link.springer.com/article/10.1007/s10725-017-0251-x#ref-CR145
https://link.springer.com/article/10.1007/s10725-017-0251-x#ref-CR70
https://link.springer.com/article/10.1007/s10725-017-0251-x#ref-CR53
https://link.springer.com/article/10.1007/s10725-017-0251-x#ref-CR117
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cerevisiae) to influence cation transport systems (K+ and Na+). Gisbert et al. (2000) showed 

that tomato plants carrying the HAL1 gene were characterized by enhanced tolerance to 

salinity.  

According to a study by Sasaki et al. (2014), a novel class of LEA in plants is involved in 

freezing tolerance. They further reported that common characteristics of this group of proteins 

generally include hyper hydrophilicity, heat stability, internally disordered and 

transcriptionally regulated and ABA-responsive gene. A combination of traditional breeding 

protocols and marker- assisted breeding has become routine for heat and drought resistant 

tomato production. However, research, scientific results, and effective methods to sustain and 

overcome the effect of abiotic stresses on tomato are scanty (Solankey et al., 2015). Heat stress 

in tomato is significantly manifested by reduction in total numbers of pollen grains, reduction 

in number of viable pollen and increase in number of nonviable pollens. Hence, significant 

decrease in tomato yields (Firon et al., 2012). 

2.11.1.4 Breeding for fruit quality 

Tomato breeding for fruit quality involves improving traits such as size, shape, color, chemical 

factors (soluble solids, acidity, and taste) and sensory factors. The shelf- life of ripening fruits 

affects quality traits such as color, flavor, and soluble solids. Genetic manipulation of sugars 

and acids has resulted in improving fruit flavors and hence increasing the quality of fresh 

market tomato (Fentik, 2017). Breeding for volatiles has not been performed intensively as 

little is known about the relations between flavors, aroma, and volatiles. Researchers have also 

focused on increasing the levels of lycopene that determines the nutritional quality of tomatoes. 

(Foolad, 2013). Wild tomato accessions such as S. pimpinellifolium rich in lycopene five times 

higher than that in cultivated tomatoes have been identified, making them a promising resource 

in tomato breeding programs (Cheema and Dhaliwal, 2005). According to Mwende et al. 

(2018), tomato varieties with high lycopene content in Kenya were Anna F1 (174.86), Kilele F1 

(108.46), Prostar F1 (135.80) and Rio Grande (198.25) measured using mph/100 g DW SI 

Units. 

2.11.2 Breeding methods 

Various methods have been used in tomato improvement which includes hybridization, mass 

selection, pedigree, backcross, hybrid breeding and molecular breeding. Hybridization entails 

crossing two genotypes with contrasting traits of interest followed by pedigree selection for 

traits of interest. Backcross method has been used to transfer desired trait from wild species 

https://link.springer.com/article/10.1007/s10725-017-0251-x#ref-CR42
https://link.springer.com/article/10.1007/s10725-017-0251-x#ref-CR133
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into unimproved commercial cultivar. Pedigree method can be used in combination with single 

seed descent approach in accelerating the breeding process (Fentik et al., 2017).  

Mass selection breeding approach involves planting a population of tomato collection, selection 

of superior plant, fruits, and desired seeds size through phenotypic means. Seeds from selected 

plants are harvested and bulked for advancement in the next season and the sequence repeated 

until homozygous pure lines are identified to be used as commercial cultivar. The undesired 

plants may be rogued out or desired plants tagged and harvested separately (Frankel et al., 

2012). Pedigree breeding involves controlled pollination or cross using desired recurrent and 

donor parent followed by successive selfing and selection of single plants in successive 

generations. The focus in each pedigree cross is to develop a minimum of one variety (George, 

2012). This technique requires good visual skill during selection to avoid missing out on the 

targeted traits of interest in successive generations and has proven to be quicker than mass 

selection in developing new varieties of tomatoes (Atherton and Rudich, 2012).     

Hybrid tomato breeding entails crossing two or more unrelated inbred / pure-lines plants to 

produce an improved variety with traits from all parents for cultivation. Most hybrid tomatoes 

are produced through controlled hand emasculation and pollination, but new advances have 

been done to include use of male sterility technique. Despite the associated high cost of 

producing hybrid seeds, the benefits like high vigour, yields, high quality fruits, disease 

resistance, improved shelf life and taste far supersede the production costs (Cheema and 

Dhaliwal, 2005). 

Molecular breeding has boosted the conventional breeding technique by enabling wider 

exploitation of variability between the wild species and their cultivated relatives. Molecular 

breeding techniques for various traits such the in vitro culture (like clonal) is used to develop 

resistant varieties to virus and with high yields for commercial exploitation (Namitha et al., 

2013).  According to Foolad, (2013), Agrobacterium tumefaciens was used to produce the first 

genetically engineered tomato called Flavr Savr by Calgene Company in 1992 following a 

decade of breeding research in United States of America. The variety had good shelf life but 

was highly susceptible to bruising and bursting and made transportation difficult to the 

processing factories. In addition, the variety Flavr failed to meet the taste standards when 

compared to other commercial varieties and resulted in consumer rejection of the genetically 

engineered tomatoes. 

More advances in biotechnology especially in developing varieties with increased productivity 

through enhanced photosynthetic pathways have resulted in transgenic tomato varieties with 

resistance genes to biotic and abiotic stresses (Mishra et al., 2012). Examples of studies that 
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reported transgenic varieties and their key features include: A study to enhance resistance 

against bacterial wilt in transgenic tomato lines expressing the Xa21 gene was conducted at 

National Agriculture Research Centre, Islamabad, Pakistan by Afroz et al. (2010). 

Agrobacterium tumefaciens strain EHA101, harbouring a recombinant binary expression 

vector pTCL5 containing the Xa21 gene under the control of CaMV 35S promotor was used 

for transformation. Out of the five cultivars tested which included Rio Grande had 92.3% 

transient GUS expression efficiency followed by 90.3% in Avinash. The study revealed that 

transgenic plants of all the lines showed resistance to bacterial wilt. A bacterial mannitol-1-

phosphate dehydrogenase (mtID) gene driven by the constitutive cauliflower mosaic virus 

(CaMV) 35S promotors was transferred into tomato plants using Agrobacterium tumefaciens 

mediated protocol to improve abiotic stress tolerance in transformed plants (Khare et al., 2010). 

The findings indicated that the introduction of mtID gene into tomato conferred tolerance to 

abiotic stresses such as drought, salinity, and low temperatures (4oC).  

2.12 Heterosis in tomato 

Heterosis denotes increase or decrease of F1 hybrids comparably to the mid, better parent or 

standard check variety or hybrid values (Kumar and Dhaliwal, 1990). Hedrick and Booth 

(1907) observed significant increase in yields and fruits counts per plant of tomato after making 

hybridization. Later Shull, (1914) coined the word heterosis to express this phenomenon. 

According to Alam et al., (2004), heterosis can be broken down into; a) Better parent heterosis 

which explains how the hybrid perform compared to performance of best parent in the cross, 

and b) mid-parent heterosis which explains how the hybrid perform compared to performance 

of both parents. Kumar et al. (2012) conducted a study on standard heterosis for yields and 

yields components in tomato at Vegetable Research Farm, Banaras Hindu University, Varanasi 

India. The study reported a positive and significant high heterosis (more than 20%) for number 

of fruits per plant, per cluster and average fruit weight over the better parent. 

 Chaudhary, (1984) emphasized the importance of standard heterosis over the other two in 

developing commercial varieties because the aim is to develop superior F1 hybrid with better 

desirable traits compared to standard checks (Chaudhary, 1984). In order to develop hybrid 

with potential to record significance commercial utilization, the new variety should have yield 

levels above standard check variety by 15 to 20% (Swaminathan et al., 1972). 

Savita and Singh, (2015) studied heterosis for quality and quantity traits in tomato in India 

using 43 tomato entries of 13 diversified genotypes and their 30 F1 hybrids during the spring-

summer season using line x tester design. Data on fruit quality characters was used to determine 

mid-parent and better parent heterosis. A negative heterosis over mid parent and better parent 
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for plant height, number of branches per plant, days to harvest, fruit width and seeds per gram 

was reported. Significantly better parent heterosis was recorded in mean fruit weight, fruit per 

plants, plant yield and total soluble sugars (TSS). Fruit weight ranged 23.5 to 56.6 grams with 

crosses from AC-824 × Sweet-72, CLN2237 × Sweet-72, CLN2070 × Sweet-72, and 

CLN2070-09 × Punjab Chhuhara giving the heaviest average fruit weight.    

The crosses with the smallest average fruits were Selection 06-01 × PT-3, CLN2237 × PT-3, 

PT2007-09 × Punjab Chhuhara, and EC-519784 × Punjab Chhuhara. The crosses CLN2237 × 

Sweet-72, EC-519784 × Punjab Chhuhara, CLN2070 × Punjab Chhuhara, and EC-519784 × 

PT-3 recorded the longest fruits while crosses from Selection 06-01 × Sweet-72, ARTH-3 × 

Punjab Chhuhara, Selection 06-01 × Punjab Chhuhara, AC-576 × Punjab Chhuhara, and PT-7 

× PT-3. The concluded best heterotic performing hybrids for yield and yield components for 

commercial purposes can be generated from the crosses CLN2237 × Sweet-72, CLN2237 × 

Punjab Chhuhara, and PT2007-09 × Punjab Chhuhara. 

Amaefula et al., (2014) noted heterosis and genetic control of tomato QTLs in Nigeria of 4 

parental and 6F1 hybrid generation developed after crossing three parental lines of domesticated 

tomato (Solanum lycopersicum L.) namely; Petomech, Grosso and Insulata and Lycopersicon 

pimpinellifolium (the wild parent). The results showed positive better heterosis of 358.36 % for 

fruit yield in cross between the wilt tomato (Lycopersicon pimpinellifolium) and Petomech 

(Solanum lycopersicum L). The highest negative better parent heterosis of -95.5% was recorded 

in average fruit weight for Wild x Grosso. However, the lowest heterosis of -16.2% for average 

fruit weight was recorded from Insulata x Grosso. The hybrids from wild accessions provided 

opportunity for developing new tomato cultivars with positive heterosis to yield and yield 

related components.  

Rana et al., (2005) studied yield and quality traits heterosis for days to first harvesting, plant 

yield of marketable fruits, locules count per fruit and soluble solids present on 30 F1 tomato 

hybrids following crossing six parents (LE 79-5, EC 191538, BWR 5, EC 191536, Hawaii 7998 

and BT-18). Results showed variations in traits across the genotypes revealing significant 

genetic diversity. They reported high better parent heterosis of 264.91 % for marketable yields 

in the F1 hybrid cross EC 191538 × LE 79-5, and 117.46% for BWR 5 × Hawaii 7998. 

 2.13 Tomato seed systems 

Examples of seed systems are any individual or institution conducted a breeding research, 

selection, development, production, multiplication, processing, storage diffusion, distribution, 

and marketing of seeds (Munyi and De Jonge, 2015). Globally, opportunities for sales of 

vegetable seeds focus on the size and type of the product in the market. However, vegetables 
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product market in African countries such as Ethiopia, Tanzania, Nigeria, and Kenya among 

others has been growing rapidly regarding their crop portfolio and size. The ‘generic’, mostly 

OP varieties currently dominate the vegetable seeds market (Emana et al., 2014). The popular 

OP tomato varieties in Kenya include Eden, Danny and Valoria among others. Promotion of 

hybrids uptake are currently underway by several initiatives despite the popularity of OP 

varieties. The growing market for hybrids is supported by the interest of international seed 

companies and the number of new varieties being released in the recent years (Ayana et al., 

2014). In addition, vegetable seeds (such as tomato) imports in Africa have risen gradually and 

now amounts to more than 3 billion USD per year. The main reason for replacing tomato 

varieties is availability of seed, yield advantage, expected long shelf life, tolerance or resistance 

to disease and pests, early maturity among other traits. 

2.13.1 Tomato seed system in Kenya 

In Kenya, there are both formal and informal seed systems. Formal seed systems are organized 

and coordinated by either public or commercial institutions whereas informal seed sector were 

farm- saved seed, seed obtained from exchange among farmers and local markets, seeds 

provided by civil society organization or imported through unregistered seed dealers and relief 

agencies (Munyi and Jonge, 2015). Pre- independence agricultural system dominated by 

traditional tribal farming for subsistence led to seed production systems (Pereira, 1996). Seed 

systems in Kenya were shaped and influenced from the implementation of the Swinnerton plan 

in 1963. Vibrant commercial agriculture sector was developed and supported by policies, 

institution, and structure. For instance, Kenya Farmers Association that used to serve the 

colonial commercial farmers interests were mandated the authority to acquire and distribute 

farm inputs to Kenyan farmers (Matanga and Oehmka, 1996). 

Kenya post- independence (1964- 2004) main policy framework was African Socialism that 

embarked the seed sector. In the late 1970s and early 80s, exogenous factors such as food 

shortage shaped the policies and programs in the seed sector (GOK, 2004). To address the 

agricultural productivity, the National seed policy of 2010 stipulated tentative interventions 

aimed to resolve constraints in seed sector. The SPVA amendment of 2012 purposed to upgrade 

the plant breeder’s right system from being international convention for protection of new 

varieties (UPOV) to framed under the stricter act of UPOV (De Jonge, 2014). However, in 

2013, Kenya Agricultural and Livestock Research Act seeks to overhaul the structure of the 

agricultural research system in Kenya with emphasis to research.  
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In Kenya, fruit crops, vegetables such as tomatoes, flowers dominate the formal closed value 

chain seed systems. Meanwhile, the seed systems are entirely under private sectors from plant 

breeding to distribution and produce (Munyi and Jonge, 2015). The seed quality control and 

certification are controlled by the government to prevent introduction of pest and diseases.  

2.13.2 Hybrid seeds production 

There are few Dutch vegetable seed companies with established breeding activities in Africa.  

Afrisem, a collaborative effort of East- West and RijkZwaan in Arusha, Tanzania, is the only 

vegetable breeding company in Africa (Emana et al., 2014). The global breeding efforts of 

many companies produce materials outside Africa, but trials are done in Africa due to the 

diverse climatic conditions and soil. There are three hybrid seed production techniques that 

include 1. Emasculation and pollination by hand, 2. Tomato male sterile mutants and hand 

pollination and 3. Male sterility mutants with natural crossing have been used in hybrid tomato 

seeds production. In order to have good production, agronomic practices such as irrigation, 

fertilization and nutritional stress should be closely monitored (Cheema and Dhaliwal, 2005).  

2.13.2.1 Emasculation and pollination by hand  

This technique was pioneered by Bulgarian breeder, Doskellaf in 1912 using heterosis 

breeding. The first F1 hybrid cultivar was quickly extended into production because it matured 

earlier, produced high yields compared to either parents or other commercial checks in the area 

(Cheema and Dhaliwal, 2005). According to Bullard and Stevenson, (1952), hand emasculation 

and pollination is a laborious process making hybrid seed production costly affair but the high 

seed price and yields to growers far supersede production costs. The largest cost in hybrid seed 

production according to Bullard and Stevenson, (1952) is emasculation at 40% of total labour 

involved in seed production. 

Hybrid seed production vary significantly according to the variety, fruit type and yields range 

are as follows. Compact plants with block fruit types have seed yields ranging 85 to 125 kg 

haˉ¹; plants with compact growth habit and round fruits have seed yield ranging 130 to 160 kg 

haˉ¹; plants with medium plant and round fruits have seed yield ranging 145 to 180 kg haˉ¹ 

while plant with indeterminate growth habit and round fruits have seed yield ranging 140 to 

180 kg haˉ¹ (Cheema and Dhaliwal, 2005).  

2.13.2.3 Tomato male sterile mutants and hand pollination 

According to Cheema and Dhaliwal, (2005), four male sterility mutants exist in tomato 

attributed to presence of single recessive gene. The first one is pollen sterile mutant described 

by pollen abortion and with monogenic recessive inheritance except monogenic dominance 

MS-48 governed by ms series genes. The second is stamen less mutant described by absence 
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of stamens and with monogenic recessive inheritance governed by sl genes. The third is 

positional sterility mutant with exerted stigma and monogenic recessive inheritance governed 

by ps genes. The fourth is functional sterility mutant described by non-dehiscent anthers and 

monogenic recessive inheritance governed by ps-2 genes. 

According to Philouze, (1974), pollen abortive and functional sterile mutants are useful types 

in F1 hybrid seeds production where backcrossing (ms ms x Ms ms) is used to maintain the 

pollen sterile mutants and manual selfing used in maintaining functional sterility accordingly. 

Anthocyaninless gene “aa” morphological markers are important to further improve the 

efficiency of pollen abortive mutants closely linked with ms10n35 with male sterile plants easy 

to identify in the population of fertile and sterile plants at seedling stage and transplanted into 

the production field. 

2.13.2.4 Male sterility mutants with natural crossing  

According to Cheema and Dhaliwal, (2005), use of male sterile mutants’ results into 

uneconomical seed yield of between 0.3 to 1.5 kg acreˉ¹.  

2.14 Inheritance studies and combining ability 

Troyer, (2006) defined combining ability as the relative ability of a biotype to transmit or 

transfer genetic superiority to its offspring when crossed with other individuals. This technique 

plays significant role in determining the performance of parents and their progenies as 

expressed in specific combining ability and general combining ability making it possible to 

identify specific and general combiners for varying traits in a hybridization program (Fasahat 

et al., 2016). The average performance of a genotype following hybridization denoted as 

general combining ability for the two parents and outcome in progenies associated with additive 

gene action (Troyer, 2006). After hybridization, some progenies perform better or worse than 

the mean performance of both parents known as specific combining ability attributed to 

dominance and / or presence of epistatic gene actions (Fasahat et al., 2016). 

2.14.1 Inheritance studies and combining ability in tomato 

Understanding the inheritance of agronomic traits in tomatoes is has been found useful 

especially in setting selection criteria in plant improvement programs (Atanassora et al., 2009). 

Inheritance studies in tomato have been hastened by short life cycle nature of the crop, 

homozygosity, photoperiod insensitivity, self-fertility, simplicity during pollination and 

hybridization, the small genome (950 Mb), and diploid nature of the species (Chusreeaeom et 

al., 2014). 

Heritability and inheritance in tomatoes for yield and high fruit set are important in breeding 

cultivar with improved performance. Adams et al. (2006) reviewed inheritance studies in 
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tomato.  They reported that yield and vegetative traits components have low heritability and 

are largely influenced by environmental and additive gene effects. El- Gabry et al. (2014) 

conducted a study on general and specific combining ability using five tomato cultivars and 

their F1 hybrids, using diallel cross system without reciprocals. The study was conducted at 

Alexandria University station farms, Alexandria, Egypt. The study results indicated that a 

cultivar or hybrid cannot be used to evaluate all studied characters with equal efficiency. In 

addition, the best hybrid combination that reflected the highest positive values of specific 

combining ability, means that the parents of this cross can combine well to produce hybrid with 

high performance. 

Ahmad et al. (2009) conducted a study on combining ability estimates of tomato yield in an 8 

× 8 diallel analysis excluding reciprocals at Bangladesh Agricultural Research Institute. 

Joydebpur, Gazipur. They reported that the variance for general combining ability (GCA) and 

specific combining ability (SCA) were highly significant indicating the presence of additive as 

well as non- additive gene effects in the traits studied. In addition, the relative magnitude of 

these variances indicated that additive gene effects were more prominent for all the characters 

2.14.2 Methods used to measure combining ability 

Over years there has been great advances in biometrical genetics tools available for breeders to 

use in estimating the combining ability both GCA and SCA (Fasahat et al., 2016). 

The various techniques used to estimate combing ability include: Top cross – proposed by 

Davis, (1927) and developed by Jenkins and Brunson, (1932), Polycross technique – suggested 

by Tysdal et al. (1942), Diallel cross technique proposed by Griffins and Hayman in 1956. In 

addition, Line x tester analysis suggested by Kempthorne, (1957), Partial diallel technique 

suggested by Kempthorne and Curnow (1961), North Carolina designs proposed by Comstock 

and Robinson, (1948) and Trialled cross that was suggested by Rawlings and Cockerham, 

(1962) among other techniques. Out of the seven suggested techniques for combining ability 

analysis, the most widely used are line x tester, diallel, and North Carolina designs. 

2.14.2.1 Line x tester design 

Line x tester mating design was suggested by Kempthorne, (1957) and largely used in hybrid 

seeds development but further modified by Fisher, (1926) and Yates, (1935) to include ‘l’ lines 

and ‘t’ testers as an extension of the analysis of two factor factorial experiment. The full sib 

progenies arise from crossing ‘l’ lines to ‘t’ testers and together with parents are evaluated in 

the field trials (Comstock et al., 1948). Singh and Chaudhary, (1985) formula is used in 

determining the combining ability in line x tester design as follows. 
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Standard errors (SE) for combining ability effects: SE of GCA for lines = (MSE/r x t) 1/2; SE 

of GCA for testers = (MSE/r x l) 1/2; SE of SCA effects = (MSE/r) 1/2; where MSE = mean 

square error from the analysis of variance table. A tester according to Fasahat et al., (2016) is 

a genotype used by breeders to identify superior germplasm in a hybrid breeding program. 

2.14.2.2 Diallel Mating design 

Diallel mating design proposed by Griffing, (1956) refers to a technique where the parental 

lines are crossed in all possible combinations (including or excluding reciprocals) to determine 

their general and specific combining ability. Four methods suggested in Griffing technique 

include: 

i)  Full diallel (method 1) where parents, F1’s and reciprocals are all included 

ii)  Half diallel (method 2) where only the parents and F1’s 

iii) Method 3 where the F1’s and reciprocals are developed and evaluated 

iv)  Method 4, in which study materials consist of the F1’s only. 

(Fasahat et al., 2016). Evaluations of the test materials can be conducted in multiple 

environments to allow maximum gene expression and to determine the magnitude of genotype 

x environment interactions (Francisco et al., 2018). The pre-Method 2 will be followed in the 

present study to determine gene action for agronomic, yield and yield related traits in 

contrasting environments. 

2.14.2.3 North Carolina Mating designs 

North Carolina are designs viewed as factorial mating designs involving groups of parents 

denoted as male and female factors in hybridization scheme (Fasahat et al., 2016). This mating 

design is commonly used to estimate additive and dominance variances as well as evaluation 

of full and half- sib recurrent selection (Acquaah, 2012). Comstock and Robinson, (1952) 

described three mating designs, now widely referred to as types of North Carolina design I, II 

and III.  North Carolina design I is a polyandrous mating technique where each male is 

hybridized with a set of female parents and estimate dominance and additive variance in half 

and full sib families in recurrent selection. The technique is particularly useful in developing 

large number of crosses for evaluation in both cross and self-pollinating plants that produce 

large number of seeds (Hill et al., 1998).  

North Carolina design II is a polyandrous mating technique where each male genotype group 

is crossed to the female genotype group to produce paternal and maternal half sibs (Acquaah, 

2012). The technique can estimate GCA and SCA and like line x tester design it’s a factorial 

experiment and help to estimate the variance of both male and female effects and the interaction 

effects in male x female (Comstock et al., 1952). 
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North Carolina design III entails crossing randomly selected F2 plant from the population with 

inbred lines from both parental lines that constituted it. The technique is stronger than the North 

Carolina (NC) designs I and II because the inbred lines are used as testers to their F2 progenies 

as modified by Kearsely and Jinks, (1968). The use of triple test cross makes it possible to 

estimate additive, dominance, and epistasis variances in NC III design (Acquaah, 2012).  

2.14.3 Applications of combining ability analyses in tomato improvement 

Combining ability of genotypes is an indispensable criterion in development of improved 

hybrids and is useful tool used to test performance of hybrids (El-Gabry et al., 2014).  

A study was conducted by Hannan et al. (2007) on a 10 × 10 diallel set of tomato excluding 

reciprocals to find out the extent of heterosis, combining ability and nature of gene action yield 

with two important quality traits. Positive high significant heterosis was found for yield over 

the mid, the better and standard parent. The magnitude of variance due to general as well as 

specific combining ability were highly significant indicating the importance of both additive 

and non- additive gene action. 

Izge et al. (2012) conducted combining ability studies for yield and yield components of tomato 

in North Eastern Nigeria. The pooled results showed that both general and specific combining 

ability were influenced by the environment implying that the parents and hybrids must be 

evaluated over a wide range of environments. In addition, out of the 12 hybrids studied, 4 were 

found to be good specific combiners for number of flower clusters, plant height and 5 for 

number of fruits per plant. Crosses between Cherry tomato with Hong Large and with Roma 

VF had the highest specific combining ability for fruits per plant and trichome count increase.  

Singh et al. (2014) hybridized 13 genetically diverse tomato lines with three testers in line x 

tester mating design to determine heterosis and combining ability for primary branches per 

plant, fruit weight, plant height, average yield per plant and bacterial wilt incidence. The result 

showed highest heterotic effect on the cross 1 x KT-15 for yield per plant and plant primary 

growth in area prone to bacterial wilt. 

El-Gabry et al. (2014) studied general and specific combining ability (GCA and SCA) for five 

tomato cultivars and their F1 hybrids using Griffing’s diallel mating design that involves 

excluding reciprocal for agronomic, yield and yield characters.  They reported high GCA for 

plant height, flowers per cluster in Marmand; primary branches, locules per fruit and fruit mean 

weight from parent Edkawy. They also reported high GCA for fruits per plant, fruit shape index 

and fruit pericarp thickness from parent Peto-86 and firmness and mean fruit yield per plant 

from Super Strain-B. High SCA were reported for plant height and total soluble solids from F1 

hybrids Peto-86 × Edkawy; fruit shape index, fruit weight and total fruits yield per plant from 
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Castel Rock × Peto-86 F1 hybrids; flowers per cluster and fruits count per plant from Super 

Marmand × Castel Rock F1 hybrids; Brix (T.S.S. %) from Super Strain-B × Super Marmand F1 

hybrids and fruit firmness from Super Strain-B × Peto-86 F1 hybrids. 

2.15 Tomato breeding in Kenya and Eastern Africa 

Tomato breeding programs in East Africa started in Tanzania in 1993 (Fufa et al., 2009). The 

programs were spearheaded by The World Vegetable Centre commonly known as AVRDC 

based in Arusha. This was approximately one century, after the first heterosis breeding was 

documented (Hedrick and Booth, 1907) and breeding that targeted open pollinated cultivars 

(Fufa et al., 2009). 

In Eastern Africa and the entire sub- Saharan Africa, vegetable breeding research including 

tomato breeding is still on its infancy and many national agricultural systems lack vegetable 

breeders. The world vegetable centre in Taiwan and its regional centre for Africa, based in 

Arusha, collaborate with the Horticultural Research and Training Institute (HORTI- Tengeru) 

of Tanzania, private seed companies to initiate breeding programs in the region on major 

constraints to tomato and vegetable production (Fufa et al., 2009). Tomato breeding programs 

were initiated in Africa in 1993 by AVRDC and open pollinated cultivars and highland areas 

were the target of the program. By 2007, four tomato cultivars with gene for resistance to late 

blight were released by HORTI- Tengeru in collaboration with the Regional Centre for Africa.   

2.15.1 Previous tomato breeding attempts in Kenya 

Vegetable breeding and especially tomato improvement in Kenya has not been given priority 

compared to other field crops such as maize, wheat, legumes, forage crops. Over the last five 

decades, since commercial conventional breeding was started at Kenya Agricultural Research 

Institute (KARI) in 1985 vegetables have been allocated a minimum budget by the ministry of 

agriculture (Elijah et al., 2008). This has been a major challenge for the various institute 

mandated with breeding in Kenya as will be explained below as pointed by Elijah et al. (2008): 

Kenya Agricultural and Livestock Research Organization (KALRO) previously known as 

KARI since 1985 was allocated a 45% of budget by the Kenya ministry of Agriculture and 50% 

from 2005 respectively (Elijah et al., 2008). Most of this budget was geared toward breeding 

of cereals (maize, wheat, sorghum, millet, barley, and oats), cotton, root and tuber, forages and 

grain legumes. However, vegetable budgetary allocation was only 4% and remained steady 

over the years. This budget was only for line evaluation without adaptability trials and 

therefore, there was no improvement of germplasm before release to seed companies and 

farmer. This challenge was also experienced in other CGIAR centres like AVRDC that works 

with NARS and KALRO. Maize and wheat breeding are mainly supported by CIMMYT; 
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sorghum and millet by ICRISAT; root and tuber crops by CIP; beans by CIAT; groundnuts and 

pigeon pea by ICRISAT, and vegetables by AVRDC/WVC. It is probably only barley and oats 

that are supported by private sector (breweries). It appears that in KARI/KALRO there are 

many EU, USAID and other donors who contribute to the budget. However, KALRO did not 

give priority to vegetables; and its scientists were not very keen on vegetables improvements 

including tomato.  

In 2015/2016, KALRO horticulture research programme conducted research on six tomato 

varieties (Tylka F1, Libra F1, Tegemeo F1, Anna F1, Nuru F1 and TKA 81-1-3) have been 

evaluated under high tunnel cultivation system for performance and fruit quality. Line TKA 

81-1-3 had the lowest incidence of bacterial wilt indicating tolerance while variety Libra had 

the highest yields.  

Jomo Kenyatta University of Agriculture and Technology (JKUAT) started crop breeding in 

1992 with funding from Japanese Institute of Capacity Development (JICA). In 2005, 38% of 

the University research budget was allocated to breeding research. Priority was given to tissue 

culture banana which received 70% of budget, and the balance to other crops such as wheat, 

tomato, and other field crops. No tomato variety has been released to the farmers or to seed 

companies for commercialization from this program in Kenya. 

University of Nairobi crop breeding was initiated in 1973 with mandate to focus on maize, 

wheat, sorghum and millet, cotton, roots and tubers, forage crops, grain legumes, fruits, and 

vegetables. The budgetary allocation from various donors such as ICRISAT and CIP among 

others to the University for Crop breeding increased from 25% in 1985 to 40% in 2005. From 

1985 to 2005, 60% of the crop breeding budget was allocated to grain legume mainly pigeon 

peas and beans program. Minimal resources allocated to vegetable crops was directed to line 

evaluation and adaptability trials before recommendation for introduction to the farmers and 

seed companies’ cultivars developed by CGIAR centres.  However, no available information 

on the outcome of the vegetable research.  

Egerton University started crop breeding from 1995 with a budget of 30% allocated to crop 

improvement. This budget was apportioned to various crops as follows: Maize breeding 45%, 

wheat breeding 30%, bean and other grain legumes breeding 25%, fruits and vegetable breeding 

5%. In 2005, the crop breeding budget was reallocated as follows; maize 30%, wheat 40%, 

beans and other grain legumes 15%, fruits and vegetables 10%. However, no tomato varieties 

were prioritized in this program and no release of tomato varieties was documented. 

Moi University crop breeding started from 1994. In 1995, 30% budget of the university was 

allocated to plant breeding and apportioned as follows: Grain legume breeding program 50%, 
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vegetables program 25%. From vegetable budget, 60% of the resources were allocated to line 

evaluation and 40% to line development. No tomato varieties were prioritized in this program 

and no release documented. 

Maseno University started plant breeding in 1995. In 2005 the budgetary allocation to the 

various crops was 11% apportioned as follows: Indigenous vegetables 68%, finger millet 10%, 

sesame and cassava 8%. The entire budgetary allocation for indigenous vegetable (100%) was 

dedicated to line evaluation only and no improvement. 

Masinde Muliro University has the youngest plant breeding program started in 2002. By 2005, 

the plant breeding budget was apportioned as follows: Maize breeding 20%, sorghum breeding 

20%, sunflower breeding 20% and cotton breeding 20%. No available information on the 

budget allocated to breeding vegetable crops. 

Kenya Seed Company started crop breeding in 1974 as the first private company. In 1995, the 

company allocated 45% of its budget to the breeding of the various crops as follows; Maize 

allocated 50% of the entire breeding budget, wheat breeding 17%, forage breeding 10%, 

vegetable breeding 8%, sunflower breeding 6%, sorghum breeding 5% and grain legumes 

breeding 4%. The plant breeding allocation was increased to 50% after liberation of seed 

industry in 1996 where seed companies were required to pay royalties to the breeders, and this 

meant more cost was incurred in seed production hence increased seed prices.  Kenya seed had 

huge obligation to the germplasm’s owner KARI. The company reallocated the breeding 

resources in the year 2005 as follows; maize breeding 50%, wheat breeding 20% and least 

resources allocated to sorghum breeding at 2%. Vegetable breeding focused mainly on 

indigenous varieties breeding (amaranth, juke mallow, spider plants, night shades and 

crotalaria) and tomatoes. Among the tomatoes bred by Kenya seeds under their vegetable brand 

Simlaws Seeds includes Tomato hybrid Kentom F1 and Rio Grande through mass selection. 

Other attempts made in starting crop improvement were by Agong et al. (2008) through 

genotypic characterization of tomato germplasm found in Kenya. A total of 9 commercial and 

26 landraces collected in Kenya were planted in greenhouse in 1993 at Federal Agriculture 

Research Centre in Germany in randomized block design. Great variability was found for 

quantitative traits with landraces producing more fruits per plant (90) though of small size 

compared with commercial varieties. The commercial cultivars recorded bigger fruit size 

averaging 56.5g compared to landraces at 40.6g. The great variability for the quantitative trait’s 

present great opportunities for exploitation in crop improvement programs. There has however 

been no evidence of documented tomato breeding effort in Kenya to exploit the 

recommendations given by Agong et al. (2008) to breed improved varieties.  
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2.15.2 Tomato breeding in East Africa 

Tomato breeding in East Africa on commercial scale was started in 1993 by The World 

Vegetable Centre (AVRDC). A Taiwan based CGIAR centre in conjunction with regional 

centre for Africa based in Arusha, Tanzania in collaboration with Horticultural Research and 

Training Institute (HORTI-Tengeru) in Tanzania and other regional national programs (Fufa et 

al., 2009). These institutions were mandated to evaluate varieties bred in Tanzania for possible 

introduction in East Africa before starting breeding programs in the region. The objective was 

to address local challenges especially diseases, fruit yield and fruit quality attributes. As a result 

of this concerted effort, two new tomato cultivars have been released in many Africa countries. 

Elite lines with heat and late blight tolerance genes, tomato yellow leaf curl virus resistance is 

available for commercial release or use in breeding programs. Through this collaborative 

tomato breeding, germplasm is available to public and private breeders as discussed later (sub- 

heading on important milestones). In addition, this program offers trainings in tomato breeding 

and capacity building to increase local and regional breeders in Africa. 

Important milestones in AVRDC Africa Regional Tomato breeding Centre 

The AVRDC tomato breeding program has registered significant milestones since inception in 

East Africa as explained by Fufa et al. (2009): 

Period from 1992 to 2007 

Development of late blight resistant tomato cultivars through introgression of R-genes from a 

wild tomato landrace accession L3708 (S. pimpinellifolium) into cultivated varieties. Multiple 

resistance traits were also added including Fusarium wilt, tomato mosaic virus genes, and root-

knot nematodes through collaboration between breeders at AVRDC and Regional Centre for 

Africa breeders (AVRDC, 1996, 1999, 2002 and 2007).  

From 1993, two of advanced lines were released by HORTI-Tengeru in collaboration with 

AVRDC regional centre for East Africa. In 1997, variety Tanya and Tengeru were released to 

seed companies in Tanzania, Uganda and Kenya for multiplication and commercialization. 

Tomato varieties Kiboko and Meru with Ph-3 genes conferring resistance to late blight were 

released in 2008 and 2007, respectively. According to comparative late blight and yield trials 

done by AVRDC, (2007) at Arusha Tanzania between susceptible check Marglobe and the new 

released lines, the new cultivars out yielded the commercial variety by 40%.  

Cultivars Tanya and Tengeru were released commercially 2006 and 2007 in Uganda and Kenya 

in collaboration between AVRDC regional centre in Tanzania and East Africa Seed Company 

with headquarters in Nairobi. The two sister lines of Tengeru known as Khama and Phindu 
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were released in Malawi in 2003. In Tanzania, Tanya and Tengeru were commercialized by 

Alpha Seeds Company and were observed to out-yield varieties like Roma VF and Marglobe 

by between 19 to 86 kg/acre (Lyimo et al., 2006). 

Scaling up tomato breeding in Africa 

According to Fufa et al. (2009), the lack of tomato breeding across many African countries 

including West African countries like Mali, Senegal Niger, Burkina Faso, Guinea and Chad; 

also, in East and Central African states led to more funding requests. The approved funding in 

2007 by the Bill and Melinda Gates Foundation enabled the roll out of the Vegetable Breeding 

and Seed Systems (VBSS) project. The project was mandated to facilitate establishment of 

sustainable vegetable crops breeding and development of seed programs across Africa divided 

into four operating hubs countries like Tanzania, Mali, Cameroon, and Madagascar. In addition, 

the VBSS program was mandated to ensuring member countries conduct adaptability and 

commercialization trials with seed companies, train scientists in national agricultural and 

research systems (NARS) together with public and private breeders.  

Period from 2008 to 2009 

According to Fufa et al. (2009), the four regional hubs across sub-Saharan Africa were 

mandated to evaluate and test elite breeding lines developed at the AVRDC centre in Taiwan. 

Also, to oversee the release activities of the lines as per national release procedures in various 

countries. In addition to releasing elite lines, each hub was mandated to initiate breeding for 

resistance to local and regional biotic / abiotic stresses, low inputs variety, high yielding, quality 

attributes including shelf life and nutrients, especially micronutrients. 

The tomato improvement programs were segmented into six main areas using multidisciplinary 

approach: i) Pathology and crop-protection department that deal with screening germplasm 

including backcross and segregating populations developed in the breeding programs. ii) Tissue 

culture laboratory for developing doubled haploid plants that accelerate attainment of 

homozygous state quickly. iii) Molecular market unit that focuses on marker assisted selection 

(MAS) that speed up genotype identification of desired traits. iv) Genetic resource department 

to handle line maintenance, line regeneration, multiplication of breeder’s seed and management 

of germplasm and technology transfer. v) Seed health department to handle all phytosanitary 

issues on seeds imported and exported and regional movement of germplasm to ensure all 

quarantine standards are met. vi) Marketing department was mandated to provide working 

framework between the breeding department, NARS and field extension departments, private 
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sector, and non-Governmental organizations (NGOs) to enable varieties demand creation and 

hasten new technology adoption.  

According to Fufa et al. (2009), the AVRDC tomato breeding programs in conjunction with 

the regional hubs and VBSS has resulted in scaled breeding efforts. The breeding efforts has 

led to development of elite breeding lines used in the breeding centres and available to public 

and private breeders. The lines have traits for resistance to late blight, tomato yellow leaf curl 

virus, Fusarium wilts, early blight, R. solanacearum, grey leaf spot and nematodes. 

Table 2. 5: Tomato cultivars bred by AVRDC and released in East Africa up to 2008, 

and companies involved in promotion and marketing 

Line 

code 

Commercial 

name 

Year 

release 

Country Remarks Seed company 

ARP Det-

2 

Tanya 1997 

2006 

2007 

Tanzania 

Kenya 

Uganda 

Currently being 

marketed in Tanzania, 

Kenya, Uganda, 

Zambia, Malawi, 

Zimbabwe, Sudan, and 

DRC Congo 

Alfa (Tanzania), East 

African (Tanzania, 

Kenya, Uganda), 

Simlaw (Kenya), 

Victoria (Uganda). 

Mt. Elgon (Uganda) 

ARP 367-

2 

Tengeru97 1997 

2006 

2007 

Tanzania 

Kenya 

Uganda 

Currently being 

marketed in Tanzania, 

Kenya, Uganda, 

Zambia, Malawi, 

Zimbabwe, Sudan, and 

DRC Congo 

Alfa (Tanzania), East 

African (Tanzania, 

Kenya, Uganda), 

Simlaw (Kenya), 

Victoria (Uganda). 

Mt. Elgon (Uganda) 

LBR19- 2 Meru 2007 Tanzania HORTI- Tengeru, 

Tanzania 

- 

LBR44-2 Kiboko 2008 Tanzania HORTI- Tengeru, 

Tanzania 

- 

ARP367-

2 

Mbambande 2003 Malawi Bvumbwe Agricultural 

Research Station, 

Malawi 

Seed Co (Malawi, 

Zimbabwe) 

ARP367-

1 

Khama 2003 Malawi Bvumbwe Agricultural 

Research Station, 

Malawi 

Seed Co (Malawi, 

Zimbabwe) 

ARP366-

4-23 

Phindu 2008 Malawi Bvumbwe Agricultural 

Research Station, 

Malawi 

- 

Source: Fufa et al. (2009) 
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From 2010 onwards 

The World Vegetable Centre and the Regional hubs across Africa has clearly defined major 

and specific objectives governing the tomato breeding program from 2010 into the future 

segmented as follows (Fufa et al., 2009):  

Developing varieties with resistance to biotic stress like tomato yellow leaf curl virus, early 

and late blights, bacterial wilt, and Fusarium wilts. Other agronomic and market traits of 

importance include; uniformity in ripening controlled by rin gene, fruit firmness, total soluble 

solids, fruit colour, pH and total acidity, and fruit internal fresh; breeding for resistance to 

multiple disease traits will be given high priority and tolerance to physiological disorders like 

cat-facing, cracking and blossom end-end rot; breeding for good plant structure including 

foliage cover and density to control sun burns and high nutritional qualities focusing on 

lycopene and high beta-carotene; breeding early maturity variety that will help in draught 

escape, and varieties able to set fruits at high temperatures; growing demand for high quality 

processing varieties will be factored to ensure cultivars most suited for paste, ketchup, juice 

and crushed. 

Demand-led plant breeding and collaborative breeding will be given priority that will ensure 

NARS, farmers, processors, and consumers are involved in designing best suitable tomato 

variety prototype before designing a breeding program. This will ensure increased product 

acceptance and promote commercialization. Participatory breeding will continue to be given 

priority between the AVRDC breeders, NARS, private sector involvement, processors and 

farmers in germplasm evaluation, variety release, seeds dissemination and commercialization. 

Breeding hybrid tomatoes will be prioritized demand for high producing and varieties with 

specific resistance package are demand by both local seed companies and international 

companies. The production of hybrid seeds is labour and cost intensive, but the growers and 

other stakeholders continue to express interest to pay for high cost of seeds to get increased 

yields and disease resistance and pest tolerance especially mites, whiteflies and Tuta absoluta. 

Tomato breeding capacity development across the regional hubs, private and public companies, 

universities will be given priority. This will be managed through attachments of breeders from 

selected institutes to the Regional Centre for relevant select trainings in modern technique of 

tomato breeding.  

Development of new tomato varieties with increased yields, disease resistance and pest 

tolerance among other will improve tomato productivity and production in Kenya. Capacity 

building and training through the available breeding programs will ensure that more people 

acquire knowledge on breeding and hence there will be more tomato and vegetable breeders. 
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In addition, this will ensure that hybrid tomato lines are developed in Kenya. Moreover, 

developing tomato lines in Kenya will allow reduction of production cost incurred by farmers 

due to the high taxes imposed on import of seeds in the country. Furthermore, tomato seed 

production will fetch the farmers’ high returns and country more foreign exchange from export 

of seed because there are no taxes imposed on export of seeds. 
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CHAPTER 3: 

 Characterization of New Breeding Genotypes and Selection of Parental Lines for 

Hybridization and Population Development 

3.0 Abstract 

Understanding the phenotypic traits of germplasm through cultivation, assessing the 

morphological and agronomic characters, facilitates selection of suitable parents for a breeding 

program. Although, tomato is the leading vegetable crop in Kenya, not work much work has 

been done to develop improved tomato varieties with farmer preferred and market demanded 

traits locally. The objectives of this study were: i) to evaluate and characterize new tomato 

genotypes and selected locally grown tomato lines for morphological and agronomic traits, and 

ii) to identify suitable parental lines for use in the breeding program. The experiments were 

conducted at Kabete Field Station, University of Nairobi during the long and short rains in 

2017 and Mwea Research Station of the Kenya Agricultural and Livestock Research 

Organization (KALRO) during the short rains of 2017. Study materials were three genotypes 

sourced from World Vegetable centre at Taiwan namely, AVTO1429, AVTO1424 and 

AVTO1314, three farmer selections namely; Eden select, Valoria and Danny select and four 

commercial varieties known as Roma VF, Cal J, UC82 and Rio Grande. Trials were laid out in 

a randomized complete block design with three replicates and each plot consisted of 2 rows 

measuring 2.4m with a spacing of 60 x 60cm. Data was recorded on days to flowering, days to 

maturity, fruits per truss, fruit diameter, fruit length, fruits per plant, number of locules per 

fruit, average weight of fruit.  

Result showed highly significant differences (P<0.05) among the genotypes for all the traits 

evaluated. In addition, there were significant environment effects and genotypic x environment 

interactions for traits plant height, days to flowering and maturity at (P<0.01). Variety UC82 

was the earliest flowering at 36 days and maturing variety at 85 days Cal J and Rio Grande 

flowered latest at 42 days.  Valoria Select matured latest at 100 days. AVTO1429 had the tallest 

plants (182.6 cm). Roma VF had the shortest plants (66.4 cm). Variety Rio Grande had the 

largest fruit length measuring 58.18mm, AVTO1429 had the largest fruit diameter of 58.32mm. 

Danny select and UC82 had the highest number of fruits per truss at 5 fruits while genotype 

AVTO1429 had the highest number of locules per fruit at 7 locules. Farmer’s selection Valoria 

and Danny select were the highest yielding genotypes with more than 50,000kg/ha while 

genotypes AVTO1429 and AVTO1424 had the lowest yields of ≤20,000kg/ha. All the 

genotypes showed determinate growth habit except line AVTO1314 which had indeterminate 
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growth habit. AVTO1429, AVTO1424 and AVTO1314 had green stems. In contrast, all the 

commercial varieties and farmers’ selection had purple stems. These results indicated that there 

was high genetic variation among the test genotypes for the traits evaluated. This can be 

exploited in tomato breeding program. 

Key words: genotypes, flowering, morphological data, phenotypic traits, 

3.1 Introduction  

Tomato (Solanum lycopersicum L) has been ranked the second most important vegetable crop 

in Kenya after potato (Mwangi et al., 2020). Tomato is a commercially important crop and its 

production in Kenya is largely relied upon by 80% of small-scale farmers, 5% of tomato 

processing industries and more than 90% consumers (Ochilo et al., 2019). In Kenya, tomato is 

cultivated on 0.4 million hectares which produces about 280,000 tonnes annually against an 

increasing demand of 300,000 tonnes (FAOSTAT, 2017). This increased demand has been 

partly associated with population growth, which rose from 29 million people in 1999 to nearly 

48 million in 2019 (KNBS, 2019a). Tomato consumption per capita has increased from 0.5kg 

per person per year in 2017 to 8.5kg in 2018, an increase of 41.7 percent in less than two years 

(KNBS, 2019b). Fufa et al., (2009) stated that every homestead in sub-Saharan Africa uses at 

least one tomato fruit daily in the numerous dishes or in processed foods. Despite the growing 

demand of tomato, there has been a sharp decline in yields from 25.5 t ha-1 in 2006 to 18.7 t 

ha-1 in 2017 (FAOSTAT, 2017). Tomato yield decline observed in Kenya has contributed to 

increased   tomato price and the importation of over 27, 000 tonnes from Ethiopia and Tanzania 

(Mwangi et al., 2020).  

Adoption of outdated varieties that are susceptible to biotic stresses such as diseases and insect 

pests, abiotic stresses such as high temperatures, high humidity, excessive rainfall and low 

nutrients in the soil have negative impacts on tomato productivity (Sigei et al., 2014). There 

has been a high dependence on expensive imported tomato seeds by Kenya farmers due to lack 

of local breeding programs (Ochilo et al., 2019 and Mwangi et al., 2020). Furthermore, among 

these imported varieties, some such as Cal J, Rio Grande, and UC82 have been associated with 

poor adaptability to local conditions, low yielding, and high susceptibility to biotic and abiotic 

stress (KCSAP, 2019).  

Tomatoes are used for fresh markets and in processing industries and the preferred traits differ 

with markets and end-users (Kenneth, 2016). Tomato fruits are consumed fresh in salad or 

cooked in sauce, soup, dishes and can be processed into puree, jam, paste, juice, and tomato 

sauce (Bose et al., 2002). The main purpose of breeding is to develop varieties with distinct 
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traits that satisfy producers and consumer’s needs (Sacco et al., 2015). Variations exhibited in 

yields, agronomic and commercially desirable traits in tomato are of paramount importance in 

understanding and improvement of potential morphological and agronomic traits (Huang et al., 

2012).  

Despite the limited research related to tomato breeding in Kenya, (Munyi and De Jonge, 2015), 

significant effort has been extensively focused on breeding programs of cereals, root crops, 

beverage crops and pulses (KARI, 2013). Furthermore, tomato technologies, innovations, and 

management practices (TIMPS) are scanty in Kenya and in most African countries. To our 

knowledge, there is no tomato breeding programme initiated by public or private company in 

Kenya (Kathimba et al., 2021). However, hybrid varieties such as Cal J, Tylka F1, Onyx, Kilele 

F1 among others are being promoted by KCSAP- a joint activity between KALRO-Thika, 

JKUAT and several seed companies such as Royal Seed Co Ltd and Simlaws Seed Co. Ltd 

(KCSAP, 2019). Moreover, the collaborative tomato improvement program between UON and 

Continental Seeds Company which started in 2017 is another example. Continental Seeds 

Company offered financial support to one student, for a Master of Science degree in plant 

breeding and biotechnology. In addition, the company offered financial support for research on 

tomato improvement through breeding with the view of acquiring expertise to start tomato 

breeding program and to develop affordable hybrid tomato varieties with traits preferred by 

farmers and consumers. In the collaboration, the University of Nairobi provided physical 

facilities for tomato breeding research and supervision of the work by breeding experts to 

ensure quality work. The only tomato breeding program in the East African region is the Asian 

Vegetable Research and Development Centre (AVRDC) program centred in Arusha, Tanzania 

(Fufa et al., 2009). 

In crop improvement programmes, morphological and agronomic traits such as leaf, floral and 

fruit characteristics, growth habit, crop yields and yield components are of importance (Yuling 

and Lindhout, 2007). Regarding the analysis of genetic variability among the genotypes, 

potential parents for hybridization and selection had been successfully identified (Valls, 2007). 

The earlier research on germplasm have shown that local tomato varieties present novel traits 

that are key for utilization, maintenance as well as the acquisition of germplasm resources for 

breeding programs (Mwirigi et al., 2009). Therefore, the objective of this study was to 

determine the genetic variation of key agronomic traits of 10 genotypes which can be used in 

a breeding program. 
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3.2 Material and Methods 

3.2.1 Experimental sites  

Field experiments were conducted at Kabete Field Station in Nairobi County, and KALRO- 

Mwea Research Station in Kirinyaga County. At Kabete field station, the experiments were 

conducted during both the long and short rain seasons whereas in Mwea research station, the 

experiments were conducted during the short rains in 2017. Kabete Field Station is located at 

01°15’S; 036°44’E with an elevation of 1820m above sea level (ASL) which is in agro- 

ecological zone (AEZ) III. It has a bimodal rainfall of 1059 mm per year and temperature range 

of 12.3 to 22.5°C. The soils at Kabete site are humic nitisols, deep and well-drained with a pH 

of about 5.0 to 5.4 (Lengai, 2016).  

The Mwea Research Station site is located at 0°41’S; 037°21’E with an elevation of 1159m 

ASL which is in an agro-ecological zone II. The area has a bimodal rainfall regime of 973 mm 

annually. Temperature ranges from 15.6 to 28.6°C and soils are Niti-rhodic ferrasols with a pH 

of about 5.1 (Waiganjo et al., 2006). 
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Figure 3.1: Map showing the location of Mwea Research Station and Kabete Field Station sites  

 

3.2.2 Plant materials 

Ten tomato genotypes were used in this study. They included three breeding genotypes from 

the World Vegetable Centre (AVRDC) in Taiwan namely AVT01424, AVT01429 and 

AVT01314, four commercial cultivars sourced from Continental Seeds Company Limited 

known as Rio Grande, Roma VF, Cal J VF and UC 82, and three selections known as Eden, 

Danny and Valoria select from farmers in Kirinyaga County. AVTO1424, AVTO1429 are 

semi-determinate genotypes and AVTO1314 is an indeterminate genotype that matures early, 

suitable for open field cultivation in cool and dry environment (Table 3.1). These genotypes 

have resistance to bacterial wilt and tomato yellow leaf curl disease and have good tolerance 

to heat stress (Fufa et al., 2009). Genotype AVTO1424 is both processing and fresh market 

Mwea Site 

Kabete Site 
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tomato while AVTO1429 and AVTO1314 are only fresh market tomato (AVRDC, 2001). 

AVTO1429 has gene for resistance to fusarium wilt and AVTO1424 has gene for resistance to 

root-knot nematodes (AVRDC, 2017). However, these three genotypes require staking, but 

their productivity is unknown. Therefore, the genotypes require improvement of this lacking 

trait and validation of yields produced to allow commercialization (Fufa et al., 2009).  

The four commercial varieties Rio Grande, Roma VF, Cal J VF and UC 82 are popular 

determinate pure lines (Table 3.1), that require minimal staking and are suitable for both fresh 

market and processing (Ochilo et al., 2019). These varieties are suitable for open field 

cultivation in warm climate under rain fed and irrigated regimes but also grow well under 

greenhouse cultivation (Monsanto, 2013). In addition, they mature in four months hence fits 

within one growing season. Moreover, they are resistant to fusarium and verticillium wilt 

(KCSAP, 2019) and produce medium to large quality, bright red, pulpy, firm fruits with long 

shelf life of up to three weeks after harvest. However, they lack resistance to bacterial wilt and 

some varieties such as Cal J VF and UC 82 are low yielding. Also, these varieties have not 

been evaluated for tolerance to heat stress and insect pests such as Tuta absoluta (KCSAP, 

2019). 

The three farmers’ selection Danny FS, Valoria FS and Eden FS are determinate varieties that 

have good traits for fresh market such as good firmness and saladette shape. These varieties 

are mostly grown under open field cultivation in Kirinyaga County. The varieties require 

staking and are grown in warm climate either under rain fed or irrigation regime. They have 

varying disease resistance, take long to mature and are low yielding as explained by farmers 

during a personal communication. Unfortunately, these farmer’s perceptions have not been 

validated.  Eden FS lack resistance to bacterial wilt and is susceptible to big blossom scar and 

blotchy ripening. Danny FS has small to medium size fruits, resistance to bacterial wilt and 

concentrated harvesting. Valoria FS is popular because of good fruit firmness, long harvesting 

period and resistance to bacterial wilt. Therefore, these selections require further genetic 

improvement for increased yields, earliness and resistance to major biotic stresses especially 

bacterial wilt which is controlled by polygenes.  

The value of greenhouse tomatoes is high yield per unit area, but the cost of tomato production 

is also high (Wachira et al., 2014). This is because varieties grown in greenhouses require 

unique cultural practices. Furthermore, the seeds of these varieties are Dutch hybrids that are 

imported from Holland specifically for greenhouse production hence expensive. Field varieties 

are typically adapted to higher light intensity and lower humidity conditions (Sigei et al., 2014). 
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Staking provides indeterminate tomato plant with support and the ability to grow without 

bending to avoid breakage of the stems, allow plants the necessary sunlight to grow and allows 

circulation of air for the plant. Furthermore, staking prevents fruit rot due to disease infection 

on the ground, saves space, improves the fruit size, and allows for earlier harvest. However, 

indeterminate varieties incur addition cost of production because staking requires buying of 

stakes for supporting the plant. In addition, staked tomatoes are more susceptible to cracking, 

blossom end rot and sunscald problems (Ochilo et al., 2019). 

Tomato yields in Kenya are 18 t ha-1 while in other leading countries the yields are up to 70 t 

ha-1. Yields of more than 300 t ha-1 have been reported in greenhouses in Europe (FAOSTAT, 

2017). This huge yield gap is due to the availability of hybrid tomato varieties in the developed 

countries. In addition, these countries use modern and highly efficient production systems 

compared to those used by most Kenyan farmers (Mwangi et al., 2020). The parental lines used 

in Africa have not been characterised for important botanical and agronomic traits and therefore 

their potential for use in a breeding program is not well known.  

Table 3.1: Origins and some characteristics of the proposed parental lines. 

Genotype Source Growth habit  Fruit 

shape 

Maturity 

(days) 

Bacterial 

wilt 

resistance 

Yield  

(t ha-1) 

Reference 

AVTO1424 AVRDC Semi–

determinate 

Oblong 75-80 Resistant unknown AVRDC, 2017 

AVTO1429 AVRDC Indeterminate Round 70-75 Resistant unknown AVRDC, 2017 

AVTO1314 AVRDC Semi– 

determinate 

Round 50-65 Resistant unknown AVRDC, 2017 

Rio Grande Seminis, 

Netherlands 

Determinate Oval 75-80 Susceptible 22.2 Ali et al., 2015  

Roma VF Samoa Islands Determinate Oval 80-85 Susceptible 21.8 Ali et al., 2015 

Cal J VF Griffaton, 

France 

Determinate Oval 70-75 Susceptible 4.8 Strakyres, 2014 

UC82 University of 

California 

Determinate Oval 75-80 Susceptible 5.2 Kathimba et al., 

2017 

Valoria FS Local farmer’s– 

selection 

Determinate Oblong 85  Resistant unknown Kathimba et al., 

2017 

Eden FS Local farmer’s– 

selection 

Determinate Blocky 75-80 Susceptible unknown Kathimba et al., 

2017 

Danny FS Local farmer’s– 

selection 

Determinate Oval 85 Susceptible unknown Kathimba et al., 

2017 
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3.2.3   Methods 

3.2.3.1 Seed bed preparation 

Ten tomato parental lines were separately sown in germination trays containing peat-moss 

planting medium. The trays had 204-cells that were 3.5 cm deep and 2.5 cm wide and were 

obtained from Amiran Kenya Ltd. One seed was sown per cell and trays were placed on 

benches in a net-house. Seedlings were watered daily in hot weather and once every two days 

when the weather was cool to provide sufficient moisture for growth. Seedlings were hardened 

25 days after sowing when they had 4 true leaves by slightly reducing the water supply. In 

addition, the netting was removed to expose the seedling to strong sunlight so that they are 

stocky and sturdy. Seedlings were watered 12 hours before transplanting in the field.  

3.2.3.2 Experimental design and crop management 

On attaining a pencil thickness, 28 days after sowing, the seedlings were transplanted in the 

field. Transplanting was done early in the morning to reduce the transplanting shock and plants 

were watered immediately after, following a protocol developed by KALRO (2016). The land 

was prepared by deep ploughing at 45cm to improve the soil structure, water holding capacity 

and to achieve a fine tilth. Regular ridges that were 30 cm high and 25 cm wide were made to 

raise the beds. Transplanting was done as follows: Kabete long rain (LR) April 2017; Kabete 

short rain (SR) and Mwea short rain (SR) in September 2017. Trials were laid out in a 

randomized complete block design with three replicates. Plot consisted of 2 rows measuring 

2.4m with 10 plants per plot at a spacing of 60 x 60cm. Di ammonium phosphate (DAP 18:46:0) 

and N.P. K (17: 17: 17) at a rate of 12 g plant-1 was applied during transplanting. The plants 

were top dressed with calcium ammonium nitrate (CAN) at the rate of 100kg/ha when plants 

were 25 cm tall and 200kg/ha, 55days after transplanting.  Fertilizer application was to ensure 

adequate nutrient levels for the crop to prevent deficiency disorders (KALRO, 2016). Manual 

cultivation was carried out to keep plots weed free. Metalaxyl-M and Propineb 700g/kg at the 

rate of 50g / 20 litres water was applied to manage early and late blight per fortnight 

alternatively. Imidaclopride+Betacyfluthrine 100+45g/l at rate of 0.2l/ha and Thiamethoxam 

at the rate of 8gm / 20 litres water were used to control aphids, whiteflies, and leaf miners 

during the crop growth cycle. Water was supplemented through drip irrigation system. 

3.2.4 Data collection   

Morphological and agronomic data was collected at various growing stages for quantitative 

and qualitative traits. This followed the International Plant Genetic Resources Institute (IPGRI, 

2003) tomato descriptor for plant height, days to 50% flowering, days to maturity, fruit 
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diameter, fruit length, average fruit weight, number of locules, number of fruits per truss and 

yield per plant. Qualitative traits like presence of green shoulders, stem colour and growth type 

were also recorded.   

a) Quantitative traits   

(i) Plant height (cm) from soil base of the plant to the apex of the main stem at harvesting 

stage was recording using a ruler from a sample of six randomly selected plants per 

plot.  

(ii) Leaf length (cm) was measured as the distance from the pulvinus to the tip of mature 

leaf at vegetative/flowering stage for six randomly selected plants per plot. 

(iii) Leaf width (cm) was measured in six randomly selected plants as the cross-sectional 

length of the central part of the compound leaf at vegetative/flowering stage. 

(iv)  Single leaf area was calculated using Rivera et al., (2007) formula expressed in cm²; 

single leaf area (SLA) = 0.763 (leaf length, L) + 0.34(leaf width, W). 

(v) Number of primary branches were determined by counting the number of primary 

branches per plant from the main stem for six random plants per plot at harvesting stage.  

(vi)  Stem girth measured at the main stem above the first truss on six randomly selected 

plants per plot using a string, measurement transferred on a meter ruler and mean 

calculated. 

(vii)  Duration to 50% flowering was determined as duration from planting to the day when 

half the number of plants in a plot had at least one flower.  

(viii) Soil plant analysis development (SPAD) as an indicator of leaf chlorophyll 

concentration was determined at vegetative / flowering stage using hand-held chlorophyll 

SPAD-502 (Minolta Camera Co., Ltd, Osaka, Japan) as described by Gianquinto et al., 

(2004).  

(ix)  Days to 50% maturity was determined as an average number of days taken from 

transplanting to at least 50% ripening of fruits per plant recorded on six plants per plot 

and mean calculated. 

(x) Number of fruits per plant was determined by counting the number of marketable fruits 

harvested at physiological maturity in six tagged random plants per plot. Average fruit 

weight per plant was determined by weighing random sample of 6 red ripe fruits per 

plant and mean calculated.  

(xi)  Marketable fruits per plot were harvested at physiological maturity and their yield 

weighed using electronic weighing balance model AG64-100, (Wagtech International, 

New York). The yields were converted to tonnes per hectare.  
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(xii) Number of seeds per fruit was determined on random sample of six fruits per plot and 

calculating the mean after drying seeds to moisture content of 8%. 

(xiii) Fruit length or equatorial diameter (mm) was measured on six fruits harvested per plant 

at physiological maturity using a Vanier calliper and mean calculated. 

(xiv) Fruit width or polar diameter was measured in centimetres on six fruits per plot using 

a meter ruler from pistil scar to blossom end and mean calculated.  

b) Qualitative traits 

Qualitative traits are characterization descriptors that are highly heritable, can be seen by the 

eye, and enables an easy and quick discrimination between phenotypes. The qualitative traits 

were measured following descriptors for tomato (IPGRI, 2003): 

 Stem colour was determined as either green or purple when seedling lower leaves were fully 

opened with a 5mm terminal bud. Plant growth habit, scored as determinate, semi- determinate 

and indeterminate was observed on the plant, after admixtures had been removed. Stem 

pubescent density and foliage density were measured as intermediate, dense, or sparse for all 

the genotypes assessed. For flower colour, an average of 10 petals from six random flowers of 

a plant were assessed for white, yellow, or orange corolla colour. Mature fruit colour was 

assessed by observing the colour of the 3rd fruit of the 2nd and 3rd truss at full maturity stage for 

the 10 plants in a plot. An average of 10 fruits from six random plants were observed and the 

colour scored as either green, yellow, orange, pink or red was recorded using criterion 

recommended by Tran et al., (2017) (Figure 3.2). 

Fruit cross- section shape, was scored as either round, angular or irregular. The genotypes were 

assessed for fruit connection observed on the pedicels and scored as either jointed (Figure 3.11) 

or jointless (Figure 3.10) pedicels. Presence of green (shoulder) trips on the fruit were scored 

as either absent (uniform ripening) or present (fruit shoulders- upper part of the fruit, around 

calyx- are green while pistilar area of the fruit is red). Mature fruits harvested at physiological 

maturity were classified into five categories based on cross-section diameter (IPIGRI, 2003). 

The categories were: very small (<3cm), small (3-5cm), intermediate (5.1-8cm), large (8.1-

10cm) and very large (> 10cm).  
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Figure 3.2: Tomato fruit different ripening developmental stages (Tran et al., 2017) 

c) Quality traits    

Total soluble solids, TSS (% Brix) was determined from mean of six randomly selected fruits 

per plot and juice squeezed onto Erma handheld refractometer (model 28-62, and manufactured 

by Labline, in India) at mature green and red stage. Fruit firmness (N cm²) was determined on 

random sample of six fruits per plot at mature green, breaker and red stages (Figure 3.2) using 

digital hand-held Lutron electronic Fruit Hardness Tester (model FR 5105, Tainan, Taiwan). 

Fruits were punctured using a 1cm diameter plunger and the pressure used to penetrate fruit 

pericarp shown on the digital reader of the penetrometer noted and expressed in N cm-². Locules 

count per fruit were determined by cutting the fruits at the middle transversely and counting 

the locules on six fruits per plot. Fruit pericarp thickness (mm) was determined on six fruits 

per plot using a handheld digital calliper model 1108-200 (Insize measuring Instruments, 

China). Fruit shelf life was determined on random samples of six fruits per plot harvested at 

mature green stage. Fruits were stored at three temperature levels (4, 16 and 25°C). Data 

collection was on fruit weight and firmness over 28 days of ripening at 7 days intervals. Fruit 

weight was measured using electronic weighing balance (model AG64-100, Wagtech 71 
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International, New York, USA) and fruit firmness by handheld Lutron Fruit Hardness Tester 

(model FR 5105, Lutron electronic, Tainan, Taiwan). 

3.2.5 Statistical analysis 

Quantitative trait data for the 10 genotypes was subjected to analysis of variance (ANOVA) 

with environments as the main plots and genotypes as the subplots following procedures of 

Steel et al. (1999) and GenStat statistical software (15 edition). Fisher’s protected least 

significant difference (LSD) test was used to compare and separate means of the genotypes, 

environment effects and environment x genotype interactions at 5% significance P-value. 

3.3 Results 

3.3.1 Qualitative traits analysis  

There was no genotypic variation across the three environments (Kabete long and short rains 

and Mwea short rains) for stem colour, growth habit, stem pubescent density, flower colour 

foliage density and fruit size among others (Tables 3.2, 3.3 and 3.4). The observed results 

indicated that difference in the environment had no effects on qualitative traits assessed in this 

study. 

3.3.1.1 Stem colour  

The study showed that 7 genotypes had purple stem colour while 3 genotypes showed green 

stem colour (Figure 3.3). All the commercial varieties Rio Grande, UC82, Cal J and Roma VF 

and selections from farmer Eden, Danny and Valoria select had the purple stems. The three 

breeding genotypes AVTO1429, AVTO1424 and AVTO1314 from World Vegetable Centre, 

Taiwan had green stems. Stem colour is an important morphological marker that can be used 

to distinguish two genotypes. 

   

Figure 3.3: Tomato stem colour. (A) Genotype AVTO1314: green stem; (B) Genotype Roma 

VF: purple stem 
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3.3.1.2 Growth habit 

Field observation revealed that all the genotypes used in the study, representing 90% of the 

genotypes had determinate growth habit except AVTO1314 that showed indeterminate growth 

habit (Figure 3.4).  

     

Figure 3.4: Tomato growth habit. (C) Genotype UC82 (T8) - determinate growth type; (D) 

AVTO1429 - indeterminate growth type.  

3.3.1.3 Stem pubescent density 

Stem pubescence density for all the ten genotypes was intermediate (Figure 3.5). 

 

Figure 3.5: Tomato stem pubescent density (E) Roma VF: Intermediate pubescence density 

C D 

E 
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3.3.1.4 Foliage density 

Field observation on the foliage density for the 10 genotypes revealed that 7 had dense canopy 

while 3 had intermediate canopy. The three genotypes that showed intermediate canopy density 

were AVTO1424, AVTO1429 and AVTO1314 (Figure 3.6). 

               

Figure 3.6: Tomato foliage density. (F) AVTO1314: Intermediate canopy; (G) Rio Grande: 

Dense canopy 

3.3.1.5 Flower colour 

The petals of all the ten genotypes were yellow in colour (Figure 3.7). 

 

Figure 3.7: Floral colour of the ten genotypes used in the study at Kabete, UoN, 2017. (T1) 

Eden, (T2) Roma VF, (T3) AVTO1429, (T4) Cal J, (T5) AVTO1424, (T6) Danny select, 

(T7) AVTO1314, (T8) UC82, (T9) Valoria select, (T10) Rio Grande. 

F G 
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3.3.1.6 Mature fruit colour 

All the fruits for the 10 genotypes exhibited green colour that turned red at full maturity. The 

green colour had two shades with 9 of the genotypes showing fruits that had uniform green 

colour and only one genotype AVTO1429 that showed green shoulders on the fruits. (Figure 

3.8) 

 

Figure 3.8: Tomato maturity after 60 days, Kabete UoN. (H) Cal JVF: uniformly green 

fruits; (I) AVTO1429: Green shoulders of fruits 

3.3.1.7 Fruit cross-sectional shape 

Observations of fruits revealed that 8 genotypes namely; Rio Grande, Cal J, Roma VF, UC82, 

AVTO1424, Eden, Danny and Valoria select had angular fruit shapes, genotype AVTO1429 

had irregular fruit shapes and genotype AVTO1314 had round fruit shapes (Figure 3.9). 

 

Figure 3.9: Tomato fruit shapes. (J) Rio Grande: Angular fruit shape; (K) AVTO1429: 

Irreuglar fruit shape; (L) AVTO1314: round fruit shape 
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3.3.1.8 Fruit connection 

Field observation on the genotypes revealed that AVTO1429, AVTO1424, AVTO1314, Roma 

VF, Cal J, UC82 and Danny select had jointed pedicels (Figure 3.11). Rio Grande, Eden and 

Valoria select displayed jointless pedicels (Figure 3.10). 

    

Figure 3.10: Tomato pedicel connection. (M and N) Valoria select flowering and fruits truss 

showing jointless truss  

 

Figure 3.11: Tomato pedicel connection. (O and P) Cal JVF select: flowering and fruits truss 

showing jointed truss  
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3.3.1.9 Fruit size 

 Results showed that eight out of ten genotypes had large fruits size. They were AVTO1429, 

AVTO1424, Rio Grande, Roma VF, Cal J, UC82, Eden and Danny select. Large fruit size is 

categorized in the diameter range of 8.1 to 10cm. Two genotypes AVTO1314 and Valoria 

select had small sized fruits in the diameter range of 3 to 5cm (Table 3.2). 
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Table 3.2: Qualitative traits data of 10 tomato parental lines grown in three environments in Kenya, 2017 

 

 

 

 

Vegetative descriptors Parents 

Seedling characteristics Eden Select Roma VF AVTO1429 CAL J VF AVTO1424 
 Danny 

Select 
AVTO1314  UC82 

Valoria 

Select 
Rio Grande 

Hypocotyl colour Purple Purple Green Purple Green Purple Green Purple Purple Purple 

Hypocotyl colour intensity Intermediate High Intermediate Intermediate Intermediate High Intermediate High Intermediate Intermediate 

Hypocptyl pubescence Present Present Present Present Present Present Present Present Present Present 

Plant characteristics 

Growth type Determinate Determinate Determinate Determinate Determinate Determinate Indeterminate Determinate Determinate Determinate 

Plant size Large Intermediate Intermediate Intermediate Intermediate High High Small Intermediate Intermediate 

Stem pubescence density Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate 

Stem internode length Intermediate Intermediate Long Intermediate Intermediate Short Intermediate Short Intermediate Intermediate 

Foliage density Dense Dense Intermediate Dense Intermediate Dense Intermediate Dense Dense Dense 

Leaf number under1st 

inflorescence 
Few Few Few Few Few Few Few Few Few Few 

Leave altitude Horizontal Semi-erect Semi-erect Horizontal Semi-erect Semi-erect Semi-erect Semi-erect Horizontal Horizontal 

Leaf type 
Potato leaf 

type 

Potato leaf 

type 

Potato leaf 

type 

Potato leaf 

type 

Potato leaf 

type 

Potato leaf 

type 

Potato leaf 

type 

Potato leaf 

type 

Potato leaf 

type 

Potato leaf 

type 

Degree of leaf dissection Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate 

Anthocyanin colouration 

of leaf veins 
Normal Normal Normal Normal Normal Normal Normal Normal Normal Normal 
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Table 3.3: Qualitative traits data of 10 tomato parental lines grown in three environments in Kenya, 2017. 

 Parents 

Inflorescence 

descriptors 
Eden Select Roma VF AVTO1429 CAL J VF AVTO1424 

 Danny 

Select 
AVTO1314  UC82 Valoria Select Rio Grande 

Inflorescence 

type 

Generally 

uniparous 

Generally 

uniparous 

Generally 

uniparous 

Generally 

uniparous 

Generally 

uniparous 

Generally 

uniparous 

Generally 

uniparous 

Generally 

uniparous 

Generally 

uniparous 

Generally 

uniparous 

Corolla colour Yellow Yellow Yellow Yellow Yellow Yellow Yellow Yellow Yellow Yellow 

Corolla blossom 

type 
Open Open Open Open Open Open Open Open Open Open 

Flower sterility 

type 
Pollen Open Open Open Open Open Open Open Open Open 

Style position Inserted Inserted 
Slightly 

inserted 
Inserted 

Slightly 

inserted 
Inserted 

Slightly 

inserted 
Inserted Inserted Inserted 

Style shape Simple Simple Fasciated Simple Simple Simple Fasciated Simple Simple Simple 

Style hairiness Present Present Present Present Present Present Present Present Present Present 

Dehiscence Longitudinal Longitudinal Longitudinal Longitudinal Longitudinal Longitudinal Longitudinal Longitudinal Longitudinal Longitudinal 

Seed descriptors 

Seed shape Ovate Ovate Ovate Ovate Ovate Ovate Ovate Ovate Ovate Ovate 

Seed colour Brown Brown Brown Brown Brown Brown Brown Brown Brown Brown 
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Table 3.4: Qualitative traits data of 10 tomato parental lines grown in three environments in Kenya, 2017 
 

Parents 

Fruit descriptors Eden Select Roma VF AVTO1429 CAL J VF AVTO1424 
 Danny 

Select 
AVTO1314  UC82 

Valoria 

Select 
Rio Grande 

Exterior colour of 

immature fruit 
Green Green Green Green Green Green Green Green Green Green 

Presence of green 

(shoulder) trips 
Absent Absent Present Absent Absent Absent Absent Absent Absent Absent 

Intensity of 

greenback (green 

shoulder) 

  Intermediate        

Fruit pubescence Sparse Sparse Sparse Sparse Sparse Sparse Sparse Sparse Sparse Sparse 

Predominant fruit 

shape 
Cylindrical Pyriform Flattened Rounded 

High 

rounded 
Rounded Slightly flattened Rounded Pear-shaped 

High 

rounded 

Fruit size Large (8.1-10 cm) 
Large (8.1-

10 cm) 

Large (8.1-

10 cm) 

Large (8.1-

10 cm) 

Large (8.1-

10 cm) 

Large (8.1-

10 cm) 
Small (3-5 cm) 

Small (3-5 

cm) 

Large (8.1-

10 cm) 

Large       

(8.1-10 cm) 

Fruit size 

homogeneity 
Intermediate Intermediate Low Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate 

Exterior colour of 

mature fruit 
Red Red Red Red Red Red Red Red Red Red 

Intensity of exterior 

colour 
Intermediate Intermediate Dark Intermediate Intermediate Intermediate Dark Intermediate Intermediate Intermediate 

Secondary fruit shape Cylindrical Pyriform Flattened Rounded 
High 

rounded 
Rounded Slightly flattened Rounded ear-shaped 

High 

rounded 

Ribbing at calyx Very weak Weak Intermediate Weak Very weak Weak Weak Weak Weak Weak 

Easiness of fruit to 

detach from pedicel 
Easy Easy Easy Easy Easy Easy Easy Easy Easy Easy 
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Fruit shoulder shape Slightly depressed Flat 
Moderately 

depressed 

slightly 

depressed 

slightly 

depressed 

slightly 

depressed 

Moderately 

depressed 
Flat 

slightly 

depressed 

slightly 

depressed 

Jointed or jointless 

pedicel 
Jointless Jointed jointed jointed Jointed jointed jointed jointed jointless jointless 

Easiness of fruit wall 

to be peeled 
Intermediate Intermediate Easy Hard Easy Hard Easy Intermediate Hard Hard 

Skin colour of ripe 

fruit 
Yellow Yellow Yellow Yellow Yellow Yellow Yellow Yellow Yellow Yellow 

Flesh colour of 

pericarp 
Red Red Red Red Red Red Red Red Red Red 

Flesh colour intensity Intermediate Intermediate Dark Intermediate Dark Intermediate Dark Intermediate Intermediate Intermediate 

Colour (intensity) of 

core 
Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate 

Fruit cross-section 

shape 
Angular Angular Irregular Angular Angular Angular Round Angular Angular Angular 

Shape of pistil scar Dot Dot Irregular Dot Dot Dot Stellate Dot Dot Dot 

Fruit blossom end 

shape 
Flat Pointed Indented Flat Flat Flat Flat Flat Flat Flat 

Blossom end scar 

condition 
Closed Closed Open/closed closed Closed Closed closed closed closed closed 

Fruit firmness Firm Intermediate Intermediate Firm Intermediate Firm Intermediate Intermediate Firm Firm 
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3.3.2 Quantitative traits analysis 

3.3.2.1 Days to 50% flowering 

There was highly significant environment effects, genotypic differences, and genotypic x 

environment interactions for days to 50% flowering at (P≤0.01) (Table 3.5). The significant 

environment difference was indicated by the three locations namely, Kabete LR2017, Kabete 

SR2017 and Mwea SR2017. Significantly different variable for average days to 50% flowering 

were observed in these sites. Duration to 50% flowering was significantly (P≤0.05) shorter at 

Mwea SR2017 compared to Kabete SR2017. Flowering took an average of 34 days at Mwea 

SR2017 and 42 days at Kabete SR2017 (Table 3.8). However, there was no significant 

difference in the duration to 50% flowering during the short and long rains season at Kabete. 

It took an average of 42 days to 50% flowering during both rain seasons at Kabete. Therefore, 

it was observed that different environments contribute to either an increase or reduction of the 

number of days it takes a variety to 50% flowering. 

Duration to 50% flowering for all the genotypes across all the environment ranged from an 

average of 36 to 42 days. UC 82 was the earliest flowering genotype that took 36 days to 50% 

flowering while Cal J and Rio Grande took 42 days to 50% flowering were the latest flowering 

genotypes (Table 3.8). All the genotypes took significantly shorter time to 50% flowering at 

Mwea SR2017 showing the best expression of the trait as compared to Kabete LR2017 and 

SR2017 which had the lowest expression of the trait. 

3.3.2.2 Days to maturity  

There was highly significant environment effects, genotypic differences, and genotypic x 

environment interactions for the days to maturity at (P≤0.01) (Table 3.5). The significant 

environment difference was shown by the average duration it took the genotypes to mature at 

Kabete LR2017, Kabete SR2017 and Mwea SR2017. It was observed that the genotypes took 

significantly shorter duration to mature at Mwea site compared to Kabete site. An average of 

82 days to maturity was registered by genotypes at Mwea SR2017. In contrast, genotypes at 

Kabete SR2017 took longest to mature at an average of 116 days. Similarly, it took an average 

of 85 days to maturity of genotypes at Kabete LR2017. This was significantly lower compared 

to duration taken by genotypes at Kabete SR2017 at P≤0.05 (Table 3.8). Therefore, it was 

observed that different environments contribute to either an increase or reduction of the number 

of days it takes for a genotype to mature. In addition, Mwea provided a better environment for 

early maturation at average of 82 days for all the tomato genotypes as compared to Kabete. At 

Kabete, the long rains (LR2017) provided a better environment that contributed to significantly 
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fewer days to maturity at 85 days as compared to the short rains (SR2017) of the same location 

that contributed to more days to maturity at 116 days. 

Duration to maturity for all the genotypes across all the environment ranged from an average 

of 71 to 124 days. The earliest maturing genotype was UC 82 that took 71, 79 and 105 days to 

maturity at Mwea SR2017, Kabete LR2017 and Kabete SR2017, respectively. The latest 

maturing genotype was Valoria select that took 90 and 92 days to maturity at Mwea SR2017 

and Kabete LR2017, respectively (Table 3.8). At Kabete SR2017, Roma VF was the latest 

maturing genotype that took 124 days. All the varieties took significantly shorter duration to 

maturity at Mwea SR2017 showing the best expression of the trait as compared to Kabete 

LR2017 and SR2017 which had the latest maturity. 

3.3.2.3 Chlorophyll concentration (SPAD units) 

There was highly significant variation across the ten genotypes for the chlorophyll 

concentration at (P≤0.01) (Table 3.5). However, the analysis of variance showed no significant 

difference at 0.01 across the three environments of study Mwea SR2017, Kabete LR2017 and 

SR2017. In addition, there was no significant difference at 1% probability level for interactions 

between the three environments and the ten genotypes for the chlorophyll concentration (Table 

3.5). The average chlorophyll concentration for Mwea SR2017, Kabete LR2017 and SR2017 

was 49.07, 47.02 and 45.78 respectively (Table 3.9). These results indicated that the 

environment had no influence on the chlorophyll concentration trait in all the genotypes. 

Chlorophyll concentration varied from 43.75 to 51.73 SPAD units (Table 3.9). The genotype 

ATVO1314 recorded significantly high chlorophyll concentration of 51.73 SPAD units and 

Eden select recorded the lowest chlorophyll concentration of 43.75 SPAD units at (P≤0.05). 

3.3.2.4 Single leaf length (cm)  

There was high significant variation across the ten genotypes for the single leaf length at 

(P≤0.01) (Table 3.5). However, there was no significant difference at (P≤0.01) across the three 

environments. In addition, the interactions between the three environments and the ten 

genotypes for single leaf length was not significantly different at P≤0.01 (Table 3.5). The 

results showed that the environment had no effect on expression of the single leaf length trait. 

The average single leaf length recorded for Mwea SR2017, Kabete LR2017 and SR2017 was 

33.77cm, 31.96cm and 31.44 cm, respectively. Therefore, the three-location had similar 

expression of the single leaf length trait. There was significantly high difference for the 

genotypic means of the single leaf length trait across all the environment irrespective of the 
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location/season. The single leaf length ranged from 30.03 cm to 36.05 cm with Danny select 

variety recorded the highest length and Cal J recorded the least measurement (Table 3.10). 

3.3.2.5 Single leaf width (cm) 

There was high significant variation across the ten genotypes for the single leaf width at 

(P≤0.01) (Table 3.5). However, there was no significant difference at (P≤0.01) and (P≤0.05) 

across the three environments. In addition, the interactions between the three environments and 

the ten genotypes for single leaf width was not significantly different at both (P≤0.01or 0.05) 

(Table 3.5). The results showed that the environment had no effect on expression of the single 

leaf width trait. The average single leaf width recorded for Mwea SR2017, Kabete LR2017 and 

SR2017 was 27.40cm, 24.96cm and 29.09cm, respectively. Therefore, the three-location had 

similar expression of the single leaf width trait. There was significantly high difference for the 

genotypic means of the single leaf width trait across all the environment irrespective of the 

location or season. The single leaf width ranged from 24.49 cm to 27.44 cm with Danny select 

variety recorded the highest length and genotype AVTO1314 recorded the least measurement 

(Table 3.10).  

3.3.2.6 Single leaf area (cm²)  

There was high significant variation across the ten genotypes for the single leaf area at (P≤0.01) 

(Table 3.5). However, the analysis of variance showed no significance difference at P≤ 0.01 

across the three environments of study: Mwea SR2017, Kabete LR2017 and SR2017. In 

addition, there was no significant difference at both 5 and 1% probability level for interactions 

between the three environments and the ten genotypes for the single leaf area (Table 3.5). The 

average single leaf area was 32.87cm2, 33.88 and 35.09 cm2 for Mwea SR2017, Kabete 

LR2017 and SR2017, respectively. These results indicated that the environment had no 

influence on the single leaf area of all the varieties. 

The single leaf area ranged from 31.61 cm² recorded for Cal J variety to 38.62 cm² that was 

recorded for Danny select (Table 3.9). 

3.3.2.7 Number of primary branches 

The genotypic differences, the environment effects, and the genotypic x environment 

interactions for the number of primary branches were not significantly different at (P≤0.01) or 

(P≤0.05) (Table 3.6). The three locations; Kabete LR2017, Kabete SR2017 and Mwea SR2017 

means for the number of primary branches trait irrespective of the genotypes had no significant 

difference. The average number of primary branches recorded at Mwea SR2017, Kabete 

LR2017 and Kabete SR2017 was 4, 5 and 5 branches respectively (Table 3.11). Therefore, it 

was observed that the environment had no influence on the expression of the number of primary 
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branches trait. The number of primary branches for all the genotypes across all the environment 

irrespective of the location/season had no significant difference. All the genotypes had an 

average of 5 primary branches except Rio Grande and AVTO1424 that recorded 4 branches 

(Table 3.11).  

3.3.2.8 Stem girth (cm)  

There was high significant variation across the ten genotypes for the stem girth at (P≤0.01) 

(Table 3.6). However, the analysis of variance showed no significance difference at P≤0.01 

across the three environments of study: Mwea SR2017, Kabete LR2017 and SR2017. In 

addition, there was no significant difference at 1% probability level for interactions between 

the three environments and the ten genotypes for the stem girth (Table 3.6). The average stem 

girth was 4cm, 4.02 cm and 3.62cm for Mwea SR2017, Kabete LR2017 and SR2017, 

respectively. These results indicated that the environment had no influence on the expression 

of stem girth trait by all the genotypes. The measured stem girth ranged from 3.58cm recorded 

in UC82 variety to 4.27cm recorded in genotype AVOT1314 (Table 3.11). 

3.3.2.9 Final plant height (cm)  

The genotypic differences, the environment effects and the genotypic x environment 

interactions for the final plant height trait were highly significant at (P≤0.01) (Table 3.6). The 

significant environment difference for the trait irrespective of the genotypes was indicated by 

the three locations: Kabete LR2017, Kabete SR2017 and Mwea SR2017 recording significantly 

different measurement of the final plant height (Table 3.12). Mwea SR2017 recorded 

significantly higher average plant height of 116.94cm compared Kabete SR2017 that recorded 

an average of 110.47cm at (P≤0.05). Similarly, Kabete LR2017 recorded significantly lower 

average measurements of the final plant height of 72.59cm as compared to an average of 

110.47cm recorded during the short rains (Kabete SR2017) of the same location. Therefore, it 

was observed that different environments contribute to either a higher or lower final plant 

height. In addition, Mwea provided a better environment for expression of the plant height trait 

of all the tomato genotypes as compared to Kabete. At Kabete, the long rains (LR2017) 

provided an environment that contributed to significantly lower plant height at an average of 

72.59cm as compared to the short rains (SR2017) of the same location that contributed to a 

higher plant height of all the genotypes at an average of 110.47cm. 

The final plant height for all the genotypes across all the environments ranged from an average 

of 66.37cm to 182.57cm. Genotype AVTO1429 recorded the highest final plant height of 

182.57cm while variety Roma VF recorded the lowest plant height at an average of 66.37cm 

(Table 3.12). All the genotypes recorded significantly higher final plant height at Mwea 
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SR2017 followed by Kabete SR2017 and Kabete LR2017 recorded the least height in all the 

genotypes.  

3.3.2.10 Fruit length (mm) 

There was significantly high variation across the ten genotypes for the fruit length at (P≤0.01) 

(Table 3.6). However, the analysis of variance showed no significance difference at P≤0.01 

across the three environments of study: Mwea SR, Kabete LR2017 and SR2017. In addition, 

there was no significant difference at 1% probability level for interactions between the three 

environments and the ten genotypes for the fruit length (Table 3.6). The average fruit length 

was 54.03mm, 52.64mm and 50.18mm for Mwea SR2017, Kabete LR2017 and SR2017, 

respectively. The results indicated that the environment had no influence on the fruit length for 

all the genotypes. The measured fruit length ranged from 47.49mm recorded in genotype 

AVTO1314 to 58.18mm recorded in Rio Grande (Table 3.13). 

3.3.2.11 Fruit diameter (mm)  

There were significantly high genotypic differences and genotypic x environment interactions 

for fruit diameter at P≤0.01 (Table 3.6). The analysis of variance showed no significant 

difference across the three environments, Kabete LR2017, Kabete SR2017 and Mwea SR2017 

for the fruit diameter at P≤0.01. However, Mwea SR2017 and Kabete LR2017 recorded 

significantly higher average fruit diameter of 49.39mm and 49.51mm respectively as compared 

to Kabete SR2017 that recorded an average of 43.65mm at P≤0.05 (Table 3.13). These results 

indicated that there was a significant difference in fruit diameter recorded at Mwea SR2017 as 

compared to Kabete SR2017 and Kabete LR2017 compared to Kabete SR2017. Therefore, it 

was observed that different environments and seasons contributes slightly to the fruit diameter. 

In addition, both Kabete LR2017 and Mwea SR2017 had the best expression of the fruit 

diameter trait. The measured fruit diameter ranged from 40.23 mm recorded in Roma VF 

variety to 58.32 mm recorded in genotype AVTO1429 (Table 3.13). The short rains at Mwea 

and the long rains at Kabete contributed to the larger fruit diameter recorded. 

3.3.2.12 Fruit shape index (FSI) 

There were significantly high genotypic differences and genotypic x environment interactions 

for fruit shape index at P≤0.01 (Table 3.6). The analysis of variance showed no significant 

difference across the three environments: Kabete LR2017, Kabete SR2017 and Mwea SR2017 

for the fruit shape index at P≤0.01. Mwea SR2017, Kabete LR2017 and Kabete SR2017 

recorded an average fruit shape index of 0.92, 0.95 and 0.88 respectively (Table 3.12). 

Therefore, it was observed that the environments did not influence the fruit shape index. The 

fruit shape index ranged from 0.73 recorded in Roma VF variety to 1.18 recorded in genotype 

AVTO1314 (Table 3.12).  
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3.3.2.13 Number of fruits trussˉ1  

There was significantly high variation across the ten genotypes for the number of fruits per 

truss at P≤0.01 (Table 3.7). However, there was no significant difference in environment effects 

and the environment x genotypic interactions for number of fruits per truss at P≤0.01. The 

average number of fruits per truss at Mwea SR2017, Kabete LR2017 and SR2017 was 3, 4 and 

4 fruits, respectively. These results indicated that the environment had no influence on the 

number of fruits per truss for all the genotypes evaluated. The measured number of fruits per 

truss ranged from 3 to 5 fruits (Table 3.14). 

3.3.2.14 Fruit firmness (N cm2)  

There was significantly high variation across the ten genotypes for fruit firmness at P≤0.01 

(Table 3.7). However, there was no significant difference in environment effects and the 

environment x genotypic interactions for the fruit firmness at P≤0.01. The average fruit 

firmness at Mwea SR2017, Kabete LR2017 and SR2017 was 114 N cm2, 114 N cm2 and 116 

Ncm2 respectively. These results indicated that the environment had no influence on the 

expression of fruit firmness trait for all the genotypes evaluated (Table 3.14). The genotypic 

means for fruit firmness had significant difference across all the environment irrespective of 

location/ season at P≤0.05. The recorded fruit firmness ranged from 70 Ncm2 recorded in 

genotype Roma VF to 375 Ncm2 recorded in Cal J (Table 3.14). 

3.3.2.15 Fruit pericarp thickness (mm)  

There was significantly high variation across the ten genotypes for fruit pericarp thickness at 

P≤0.01 (Table 3.7). However, there was no significant difference in environment effects and 

the environment x genotypic interactions for the fruit pericarp thickness at both P≤0.05 and 

P≤0.01. The average fruit pericarp thickness at Mwea SR2017, Kabete LR2017 and SR2017 

was 5.59, 5.38 and 5.18 mm, respectively. These results indicated that the environment had no 

influence on the thickness of fruit pericarp for all the varieties (Table 3.15). There was a 

significantly high genotypic mean difference for the fruit pericarp thickness across all the 

environment irrespective of location/ season at P≤0.05. The recorded fruit pericarp thickness 

ranged from 4.82 mm that recorded in genotype AVTO1314 to 6.66 mm recorded in Rio 

Grande. 

3.3.2.16 Number of locules fruitˉ1  

There were significantly high genotypic differences and genotypic x environment interactions 

for the number of locules per fruit at P≤0.01 (Table 3.7). However, there was no significant 

difference across the three environments (Kabete LR2017, Kabete SR2017 and Mwea SR2017) 

of study for the number of locules per fruit at both P≤0.01 and P≤0.05. Mwea SR2017, Kabete 
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LR2017 and Kabete SR2017 recorded an average of 3, 4 and 3 locules per fruit respectively 

(Table 3.15). Therefore, it was observed that the environments did not influence the number of 

locules per fruit. There was a significantly high genotypic mean difference for the number of 

locules per fruit across all the environment irrespective of location/ season at P≤0.05. The 

recorded number of locules per fruit ranged from 2 to 7 locules and genotype AVTO1429 

recorded the highest number (Table 3.15). 

3.3.2.17 Total soluble sugars (% Brix) 

There were significantly high genotypic differences and genotypic x environment interactions 

for total soluble sugars at P≤0.01 (Table 3.7). However, there was no significant difference 

across the three environments: Kabete LR2017, Kabete SR2017 and Mwea SR2017 for the 

total soluble sugars at P≤0.01. Total soluble sugar means at Mwea SR2017, Kabete LR2017 

and Kabete SR2017 were an average of 4.83%, 4.86% and 4.86% Brix, respectively (Table 

3.16). Therefore, it was observed that the environments did not influence the total soluble 

sugars content in all the varieties. There was a significantly high genotypic mean difference for 

total soluble sugars across all the environment irrespective of location/ season at P≤0.05. The 

recorded total soluble sugars in the fruit ranged from 4.07 % Bix for Eden select to 5.31 % Bix 

for Danny select (Table 3.16).  

3.3.2.18 Number of seeds g ˉ1 

There were significantly high genotypic differences and environment effects for the number of 

seeds per gram at P≤0.01 (Table 3.7). However, there was no significant difference for 

genotypic x environment interactions at P≤0.01. The average seeds per gram at Mwea SR2017, 

Kabete LR2017 and Kabete SR2017 were an average of 359, 357 and 357 seeds per gram, 

respectively (Table 3.16). Mwea SR2017 recorded significantly higher number of seeds per 

gram as compared to the two seasons at Kabete. Therefore, it was observed that the 

environment influenced the number of seeds per gram in all the genotypes and Mwea SR2017 

was the best environment for the trait expression. In addition, there was no difference in trait 

expression at Kabete long and short rains. 

There was a significantly high genotypic mean difference for the number of seeds per gram 

across all the environment irrespective of location/ season at P≤0.05. The recorded number of 

seeds per gram ranged from 318 seed for Cal J to 426 seeds for Eden select (Table 3.16). 

3.3.2.19 Weight of 100 seeds (g) 

There was significantly high variation across the ten genotypes for the weight of 100 seeds at 

(P≤0.01) (Table 3.7). However, there was no significant difference at (P≤0.01) for the 
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environment effects and genotypic x environment interactions. The results showed that the 

environment had no effect on the expression of the trait. The average weight of 100 seeds 

recorded at Mwea SR2017, Kabete LR2017 and SR201 was 0.28g. The three environments 

had similar expression of the trait. There was significantly high difference for the genotypic 

means of the single leaf length trait across all the environment irrespective of the 

location/season. The recorded weight of 100 seeds ranged from 0.24 g in Eden select to 0.32 g 

in UC 82 (Table 3.17). 

3.3.2.20 Fruit weight (g)   

The genotypic differences, the environment effects and the genotypic x environment 

interactions for the fruit weight was not significantly different at (P≤0.01) (Table 3.7).  The 

means for fruit weight trait at the three locations; Kabete LR2017, Kabete SR2017 and Mwea 

SR2017 irrespective of the genotypes, had no significant difference. The average fruit weight 

recorded at Mwea SR2017, Kabete LR2017 and Kabete SR2017 was 76.6g, 60g and 59g 

respectively (Table 3.17). Therefore, it was observed that the environment had no influence on 

the fruit weight trait.  

The fruit weight for all the varieties across all the environment irrespective of the 

location/season had no significant difference. The recorded fruit weight ranged from 46g 

recorded in Roma VF variety to 94g in genotype AVTO1429 (Table 3.17). 

3.3.2.21 Yield plant ˉ1 (kg)  

There was significantly high variation across the ten genotypes for fruit yield per plant at 

(P≤0.01) (Table 3.7). However, there was no significant difference at (P≤0.01) for the 

environment effects and genotypic x environment interactions. The results showed that the 

environment had no effect on the expression of the trait. The average yield per plant at Mwea 

SR2017, Kabete LR2017 and SR201 was 1.94kg, 1.99kg and 1.68kg, respectively. Therefore, 

the three environments had similar expression of the trait. There was significantly high 

difference for the genotypic means of the fruit yield per plant across all the environment 

irrespective of the location/season. The recorded fruit yield per plant ranged from 0.92kg that 

was recorded in AVTO1429 to 2.79kg recorded in Valoria select (Table 3.18). 

3.3.2.22 Yield haˉ1 (kg) 

There was significantly high variation across the ten genotypes for fruit yield per hectare at 

(P≤0.01) (Table 3.7). However, there was no significant difference at (P≤0.01) for the 

environment effects and genotypic x environment interactions. The results showed that the 

environment had no effect on the expression of the trait. The average yield per hectare at Mwea 
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SR2017, Kabete LR2017 and SR201 was 38,796kg, 39,871kg and 33,656kg, respectively. 

Therefore, the three environments had similar expression of the trait. There was significantly 

high difference for the genotypic means of the fruit yield per hectare across all the environment 

irrespective of the location/season. The recorded fruit yield per hectare ranged from 18,346kg 

that was recorded in AVTO1429 to 55,740kg recorded in Valoria select (Table 3.18). 

Table 3. 5: Mean squares of days to flowering, maturity, chlorophyll concentration, leaf 

length, leaf width and leaf of 10 tomato parental genotypes grown in three environments 

in Kenya, 2017 

Mean squares 

Source Df 

Days to 

50% 

flowering 

Days to 

maturity 

Chlorophyll 

concentration 

(SPAD units) 

Single 

leaf 

length 

(cm) 

Single 

leaf 

width 

(cm) 

Single 

leaf Area 

(cm²) 

Replication 2 0.033 7.88 21.684 126.28 104.31 144.67 

Environmentsß 2 673.6** 10280.71** 82.73 45.05 129.32 36.85 

Residual 4 1.18 11.14 5.63 32.07 19.59 29.87 

Genotypes 9 34.93** 204.72** 58.60** 27.66** 41.35** 
35.57*

* 

Genotype x environment 

Environment x Genotypes 
18 18.12** 45.23** 8.63 5.2 5.15 5.57 

Residual 54 1.18 5.44 5.04 3.97 3.96 4.3 
ßEnvironments were Kabete 2017 long and short rain seasons, and at Mwea during 2017 short rain 

season. *, ** Significant at 5 and 1 percent probability levels, respectively. 

Table 3. 6: Mean squares of primary branches, stem girth, final plant height, fruit length, 

fruit diameter and shape index of 10 tomato parental genotypes grown in three 

environments in Kenya, 2017  
Mean squares 

Source Df 

Number of 

primary 

branches 

Stem 

girth 

(cm) 

Final plant 

height (cm) 

Fruit 

length 

(mm) 

Fruit 

diameter 

(mm) 

Fruit 

shape 

index 

(FSI) 

Replication 2 0.32 0.37 90.66 6.64 24.74 0.0029 

Environmentsß 2 4.5 1.54 17219.52** 114.21 336.41 0.032 

Residual 4 1.16 0.27 28.34 20.28 28.69 0.012 

Genotypes 9 0.88 0.38** 8815.46** 119.72** 286.23** 0.19** 

Genotype x environment  18 1.69 0.22 349.81** 26.44 63.66** 0.018** 

Residual 54 0.63 0.09 31.38 11.32 7.61 0.004 
ßEnvironments were Kabete 2017 long and short rain seasons, and at Mwea during 2017 short rain 

season. *, ** Significant at 5 and 1 percent probability levels, respectively. 
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Table 3.7: Mean squares of seeds per gram, weight of 100 seeds, fruit weight, yield per 

plant and per hectare of 10 tomato parental genotypes grown in three environments in 

Kenya, 2017 

  Mean squares 

Source df 

Number of 

seeds gˉ1 

Weight of 100 

seeds (g) 

Fruit 

weight (g) 

Yield plantˉ1 

(kg) 

Yield haˉ1 

(kg) 

Replication 2 55.1 0.12 643395 2.52 1.007 

Environmentsß 2 24.90** 0.00001 713286 0.83 3.31 

Residual 4 0.00 0.00 616982 0.37 1.48 

Genotypes 9 11993.2** 0.0048** 630715 4.07** 1.63** 

Environment x Genotypes 18 0.4 0.00 621112 0.55 2.2 

Residual 54 249.1 0.001 623984 0.24 9.73 
ßEnvironments were Kabete 2017 long and short rain seasons, and at Mwea during 2017 short rain 

season. *, ** Significant at 5 and 1 percent probability levels, respectively. 

 

Table 3.8: Duration to flowering and maturity of ten tomato genotypes at Kabete and 

Mwea for three seasons, 2017-2018 

Parents 

Days to 50% flowering Days to maturity 

Kabete 

LR2017 

 

Kabete 

SR2017  

 

Mwea 

SR2017 Mean 

Kabete 

LR2017  

Kabete 

SR2017  

Mwea 

SR2017 Mean 

EDEN SELECT 41 42 33 39 85 113 82 93 

ROMA VF 45 43 34 40 86 124 85 99 

AVTO1429 38 43 35 39 82 122 81 95 

CAL J VF 47 43 35 42 92 115 77 95 

AVTO1424 38 42 35 38 83 118 85 95 

DANNY SELECT 37 41 32 37 80 108 74 87 

AVTO1314 38 42 35 38 82 118 89 97 

UC82 37 40 31 36 79 105 71 85 

VALORIA SELECT 47 42 34 41 92 118 90 100 

RIO GRANDE 48 43 34 42 91 114 85 97 

Grand mean 42 42 34 39 85 116 82 94 

CV (%) 
   

2.80 
   

4.03 

LSD (5%)       1.78       2.50 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete LR2017, Kabete SR2017 and Mwea SR2017. LR is long rain 

season and SR is short rain season. 
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Table 3. 9: Chlorophyll concentration and leaf area of ten tomato genotypes grown at 

Kabete and Mwea for three seasons, 2017-2018 

 

 

Parents 

Chlorophyll concentration 

(SPAD units) Single leaf Area (cm²) 

Kabete 

LR2017 

 

Kabete 

SR2017 

 

Mwea 

SR2017 

Mean 

Kabete 

LR2017  

 

Kabete 

SR201

7  

 

Mwea 

SR2017 

Mean 

EDEN SELECT 44.74 45.42 41.09 43.75 31.68 34.51 33.51 33.23 

ROMA VF 44.43 43.88 46.39 44.90 30.05 33.22 35.95 33.07 

AVTO1429 47.40 45.23 50.99 47.87 33.13 35.03 36.33 34.83 

CAL J VF 44.39 43.37 45.54 44.44 29.50 32.34 33.00 31.61 

AVTO1424 47.79 46.01 50.73 48.18 33.20 34.67 36.97 34.95 

DANNY SELECT 47.82 47.47 53.49 49.59 40.02 36.48 39.36 38.62 

AVTO1314 50.17 50.02 54.98 51.73 31.37 32.75 31.88 32.00 

UC82 49.98 46.84 50.70 49.17 32.64 33.45 32.32 32.80 

VALORIA SELECT 46.50 43.24 47.40 45.71 33.96 33.32 35.45 34.24 

RIO GRANDE 46.95 46.35 49.40 47.57 33.19 33.04 36.09 34.11 

Grand mean 47.02 45.78 49.07 47.29 32.87 33.88 35.09 33.95 

CV%    3.69    6.10 

LSD 5%    4.70    4.48 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete LR2017, Kabete SR2017 and Mwea SR2017. LR is long rain 

season and SR is short rain season. 

 

Table 3. 10: leaf length and leaf width evaluated in ten tomato genotypes at Kabete and 

Mwea stations in 2017  

Parents 

Single leaf length (cm)  Single leaf width (cm) 

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean   

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean 

EDEN SELECT 30.54 32.31 32.41 31.75  24.63 29.00 25.84 26.49 

ROMA VF 29.29 30.72 34.35 31.45  22.64 28.75 28.67 26.69 

AVTO1429 33.06 32.88 35.40 33.78  23.26 29.26 27.41 26.64 

CAL J VF 28.41 30.06 31.63 30.03  23.00 27.66 26.08 25.58 

AVTO1424 32.35 32.45 35.92 33.57  25.03 29.14 28.14 27.44 

DANNY SELECT 37.49 33.15 37.50 36.05  33.60 32.89 31.61 32.70 

AVTO1314 30.96 30.97 31.14 31.02  22.78 26.81 23.89 24.49 

UC82 31.97 30.31 30.56 30.94  24.26 30.36 26.50 27.04 

VALORIA SELECT 33.01 31.06 34.06 32.71  25.79 28.31 27.83 27.31 

RIO GRANDE 32.54 30.50 34.80 32.61  24.59 28.72 28.07 27.13 

Grand mean 31.96 31.44 33.77 32.39   24.96 29.09 27.40 27.15 

CV (%)    6.20     7.30 

LSD (5%)       4.50         3.95 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete LR2017, Kabete SR2017 and Mwea SR2017. LR is long rain 

season and SR is short rain season. 
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Table 3.11: Primary branches and stem girth of ten tomato genotypes grown at Kabete 

and Mwea for three seasons, 2017-2018 

Parents  

Agronomic traits 

Number of primary branches  Stem girth (cm) 

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean   

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean 

EDEN SELECT 6 6 5 5 
 

3.97 3.66 4.11 3.91 

ROMA VF 5 5 5 5 
 

4.49 3.56 4.10 4.05 

AVTO1429 7 4 4 5 
 

3.95 3.32 3.82 3.70 

CAL J VF 6 5 5 5 
 

4.08 3.49 3.57 3.71 

AVTO1424 6 4 4 4 
 

4.39 3.34 3.92 3.89 

DANNY SELECT 5 5 5 5 
 

3.70 3.87 4.23 3.93 

AVTO1314 6 4 4 5 
 

4.02 4.30 4.51 4.27 

UC82 4 5 5 5 
 

4.00 3.29 3.46 3.58 

VALORIA SELECT 5 5 5 5 
 

4.01 3.87 4.22 4.03 

RIO GRANDE 4 5 4 4 
 

3.64 3.54 4.12 3.76 

Grand mean 5 5 4 5   4.02 3.62 4.00 3.88 

CV (%) 
   

16.30 
    

7.80 

LSD (5%)       1.35         0.55 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete LR2017, Kabete SR2017 and Mwea SR2017. LR is long rain 

season and SR is short rain season. 

 

Table 3.12: Plant height and fruit shape index of ten tomato genotypes grown at Kabete 

and Mwea for three seasons, 2017-2018  

Parents  

Agronomic traits   Fruit traits 

Final plant height (cm)  Fruit shape index (FSI) 

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean   

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean 

EDEN SELECT 71.30 105.33 111.65 96.10  0.84 0.80 0.89 0.84 

ROMA VF 70.00 99.66 105.64 91.77  0.71 0.71 0.77 0.73 

AVTO1429 126.10 204.67 216.95 182.57  1.37 0.93 1.19 1.16 

CAL J VF 52.40 96.11 101.40 83.30  0.88 0.85 0.91 0.88 

AVTO1424 70.40 121.78 128.47 106.88  0.90 0.95 0.84 0.90 

DANNY SELECT 59.50 99.66 105.14 88.10  0.97 0.92 0.89 0.93 

AVTO1314 87.10 110.50 117.13 104.91  1.14 1.20 1.19 1.18 

UC82 50.10 72.33 76.67 66.37  0.89 0.83 0.89 0.87 

VALORIA SELECT 69.40 107.22 113.65 96.76  0.93 0.81 0.85 0.87 

RIO GRANDE 69.60 87.44 92.69 83.24  0.83 0.80 0.81 0.87 

Grand mean 72.59 110.47 116.94 100.00   0.95 0.88 0.92 0.92 

CV (%)    5.60     6.90 

LSD (5%)       9.11         0.12 

LSD= Least significant differences of means at (P≤0.05), CV = Coefficient of variation. 

Environments were Kabete LR2017, Kabete SR2017 and Mwea SR2017. LR is long rain 

season and SR is short rain season. 
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Table 3.13: Fruit length and diameter of ten tomato genotypes grown at Kabete and 

Mwea for three seasons, 2017-2018 

Parents  

Agronomic traits 

Fruit length (mm)  Fruit diameter (mm) 

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean   

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean 

EDEN SELECT 53.67 55.42 58.96 56.02  44.99 44.52 51.64 47.05 

ROMA VF 59.83 55.26 51.56 55.55  42.69 39.16 38.85 40.23 

AVTO1429 51.86 45.32 52.03 49.74  71.17 42.12 61.68 58.32 

CAL J VF 49.85 51.67 51.55 51.02  43.74 44.10 46.66 44.83 

AVTO1424 51.88 43.82 58.06 51.25  46.86 41.63 48.84 45.78 

DANNY SELECT 49.50 50.19 51.75 56.02  48.18 46.29 45.99 46.82 

AVTO1314 49.40 43.00 50.08 47.49  56.26 51.60 59.69 55.85 

UC82 46.54 47.53 50.20 48.09  41.17 38.99 44.40 41.52 

VALORIA SELECT 55.49 53.67 55.88 55.01  51.62 43.75 47.39 47.59 

RIO GRANDE 58.42 55.89 60.23 58.18  48.41 44.37 48.78 47.19 

Grand mean 52.64 50.18 54.03 52.28   49.51 43.65 49.39 47.52 

CV (%)    6.40     5.80 

LSD (5%)       5.73         5.18 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete LR2017, Kabete SR2017 and Mwea SR2017. LR is long rain 

season and SR is short rain season. 

 

Table 3. 14: Fruits per truss and fruit firmness of seven tomato genotypes and three 

breeding lines grown at Kabete and Mwea for three seasons, 2017-2018 

Parents 

Fruit traits 

Number of fruits trussˉ1  Fruit firmness (Ncm2) 

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean   

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean 

EDEN SELECT 4 4 3 4 
 

90.00 92.00 89.00 90.00 

ROMA VF 5 5 3 4 
 

70.00 71.00 69.00 70.00 

AVTO1429 3 3 4 3 
 

90.00 91.00 90.00 90.00 

CAL J VF 4 4 3 3 
 

368.00 381.00 376.00 375.00 

AVTO1424 3 3 4 3 
 

84.00 85.00 83.00 84.00 

DANNY SELECT 5 5 4 5 
 

77.00 78.00 77.00 77.00 

AVTO1314 3 3 3 3 
 

91.00 92.00 91.00 91.00 

UC82 5 5 4 5 
 

83.00 84.00 83.00 84.00 

VALORIA SELECT 4 4 4 4 
 

93.00 94.00 92.00 93.00 

RIO GRANDE 4 4 3 4 
 

93.00 95.00 93.00 94.00 

Grand mean 4 4 3 4 
  

114.00 116.00 114.00 115.00 

CV (%)    11.30     140.00 

LSD (5%)       0.70         249.70 

LSD= Least significant differences of means at (P≤0.05), CV = Coefficient of variation. 

Environments were Kabete LR2017, Kabete SR2017 and Mwea SR2017. LR is long rain 

season and SR is short rain season.  
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Table 3. 15: Pericarp thickness and locules per fruit of ten tomato genotypes grown at 

Kabete and Mwea for three seasons, 2017-2018 

Parents  

Fruit traits 

Pericarp thickness (mm)  Number of locules fruitˉ1 

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean   

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean 

EDEN SELECT 4.90 5.02 5.89 5.27  
3 

3 4 3 

ROMA VF 4.84 6.94 4.64 
5.47 

 
3 2 2 2 

AVTO1429 5.13 4.41 5.59 5.04  
11 3 6 7 

CAL J VF 5.38 5.01 5.89 5.43  

2 2 3 2 

AVTO1424 5.12 4.52 5.06 4.90  
3 3 3 3 

DANNY SELECT 5.39 4.63 5.45 5.16  
3 3 3 3 

AVTO1314 5.07 4.25 5.14 4.82  
5 6 6 6 

UC82 4.41 4.81 5.36 4.86  

3 3 3 3 

VALORIA SELECT 6.59 5.91 6.18 6.23  
2 2 2 2 

RIO GRANDE 6.94 6.28 6.77 6.66  
2 2 2 2 

Grand mean 
5.38 5.18 5.59 

5.38   
4 3 3 3 

CV (%)    18.20  

   19 

LSD (5%)       1.54   
      1 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete LR2017, Kabete SR2017 and Mwea SR2017. LR is long rain 

season and SR is short rain season. 
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Table 3.16: Total soluble sugar and seeds per gram of ten tomato genotypes grown at 

Kabete and Mwea for three seasons, 2017-2018 

Parents 

Total soluble sugar (% Brix)  Number of seeds gˉ1 

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean   

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean 

EDEN SELECT 4.27 3.94 3.99 4.07  
426 426 428 426 

ROMA VF 4.85 4.87 4.80 4.84  
352 352 353 352 

AVTO1429 5.02 5.10 5.04 5.05  

328 328 329 328 

CAL J VF 4.9 5.04 5.05 4.99  
318 318 319 318 

AVTO1424 4.82 4.89 4.78 4.83  
325 325 326 326 

DANNY SELECT 5.33 5.33 5.26 5.31  
380 380 381 380 

AVTO1314 4.95 4.89 4.88 4.90  

347 347 349 347 

UC82 4.58 4.53 4.54 4.55  
330 330 331 330 

VALORIA SELECT 4.78 4.81 4.78 4.79  
406 406 409 407 

RIO GRANDE 5.05 5.18 5.15 5.13  
358 358 360 359 

Grand mean 4.855 4.86 4.83 4.85   
357 357 359 357 

CV (%)    8  
   4 

LSD (5%)       0.61   
      25 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete LR2017, Kabete SR2017 and Mwea SR2017. LR is long rain 

season and SR is short rain season. 
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Table 3.17: Weight of 100 Seeds and fruit weight of ten tomato genotypes grown at Kabete 

and Mwea for three seasons, 2017-2018 

Parents 

Weight of 100 seeds (g)  Fruit weight (g) 

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 
Mean   Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 
Mean 

EDEN SELECT 0.24 0.24 0.24 0.24  74 66 85 75 

ROMA VF 0.27 0.27 0.27 0.27  41 48 50 46 

AVTO1429 0.28 0.28 0.28 0.28  115 47 119 94 

CAL J VF 0.27 0.27 0.27 0.27  52 60 61 58 

AVTO1424 0.29 0.29 0.29 0.29  42 45 77 54 

DANNY SELECT 0.25 0.25 0.25 0.25  52 62 63 59 

AVTO1314 0.3 0.3 0.3 0.3  60 80 112 84 

UC82 0.32 0.32 0.32 0.32  35 51 51 46 

VALORIA 

SELECT 
0.28 0.28 0.28 0.28 

 
66 63 73 90 

RIO GRANDE 0.3 0.3 0.3 0.3  66 68 75 70 

Grand mean 0.28 0.28 0.28 0.28   60 59 77 149 

CV (%)    11.3     531.5 

LSD (5%)       0.05         290.7 

 LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete LR2017, Kabete SR2017 and Mwea SR2017. LR is long rain 

season and SR is short rain season. 
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Table 3. 18: Yield per plant and per hectare of ten tomato genotypes grown at Kabete 

and Mwea for three seasons, 2017-2018 

Parents 

Yield plantˉ1 (kg)  Yield haˉ1 (kg) 

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean   

Kabete 

LR2017 

Kabete 

SR2017 

Mwea 

SR2017 Mean 

EDEN SELECT 1.80 1.76 2.19 1.92  36,021 35,210 43,812   38,348  

ROMA VF 2.26 2.16 2.25 2.22  45,125 43,221 45,049   44,465  

AVTO1429 0.66 0.61 1.49 0.92 
 

13,130 12,118 29,789   18,346  

CAL J VF 1.83 1.70 1.98 1.84  36,570 33,927 39,667   36,721  

AVTO1424 0.65 0.55 1.87 1.02  13,086 10,959 37,326   20,457  

DANNY SELECT 3.37 2.39 2.17 2.64  67,444 47,763 43,346   52,851  

AVTO1314 1.27 0.91 0.97 1.05  25,426 18,130 19,374   20,977  

UC82 2.36 2.24 1.52 2.04  47,102 44,800 30,489   40,797  

VALORIA SELECT 2.84 2.42 3.09 2.79  56,870 48,463 61,888   55,740  

RIO GRANDE 2.90 2.10 1.86 2.29  57,938 41,969 37,224   45,711  

Grand mean 1.99 1.68 1.94 1.87   39,871 33,656 38,796 37,441 

CV (%)    26.30     26.30 

LSD (5%)       0.83         16,570.80 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete LR2017, Kabete SR2017 and Mwea SR2017. LR is long rain 

season and SR is short rain season. 

 

3.4 Correlation analysis 

The results showed that the correlation of days to flowering and days to maturity with r value 

of 0.576** for the genotypes were significantly correlated at (P≤0.01) as shown in Appendix 

1. Negative significant (at P≤0.01) correlation was recorded between days to flowering (r = -

0.523**), days to maturity (r = -0.822**) and the number of trusses per plant. There was 

significant and positive correlation of single leaf length and leaf width (r =0.678**). There was 

a strongly significant correlation of single leaf length (r = 0.966**), single leaf width (r = 

0.846**) and single leaf area (Appendix 1).  Strong positive correlation between fruit diameter 

and fruit shape index (r = 0.827**) and number of locules per fruit (r = 0.840**) was recorded. 

Fruit shape index was also significantly correlated to number of locules per fruit with a strong 

r value of 0.822**. There was a weak and positive correlation of number of fruits per truss and 

fruit yield (r = 0.431). Number of fruits per truss was negatively correlated (r = -0.367) to fruit 

diameter. 

3.5 Discussion 

This study aimed at characterizing breeding genotypes and selecting parental lines for 

population development and selection. In this section, various agronomic and morphological 
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attributes of the ten genotypes are discussed in comparison with work done with other 

researchers. 

Qualitative traits analysis  

The study showed no genotypic variation across the 3 environments (Kabete long and short 

rains and Mwea short rains) for the qualitative traits assessed. Based on the results, the 3 

varying environments had no effects on the assessed qualitative traits. Hence, our findings 

concur with the study of Yuling and Lindhout, (2007) where tomato and other solanaceous 

crops exhibited common qualitative trait loci despite them being domesticated in different 

continents.  

This study revealed that tomato seedlings for genotypes AVTO1429, AVTO1424 and 

AVTO1314 had green stem colour whereas all other genotypes which represent 70% of 

genotypes evaluated had purple stem colour. Similar findings were noted by Kenneth, (2016) 

where out of 69 genotypes evaluated, 91.3% had purple stem colour while green stems were 

only 8.7%. Moreover, the trend of our results, agreed with IPGRI descriptors for tomato that 

gives similar variations of the seedling stem colour being either green or purple for all tomato 

varieties (IPGRI, 2003). Interestingly, stem colour is an important morphological trait that can 

be largely employed in differentiating varying genotypes. The field observation revealed that 

all the genotypes (90%) had determinate growth habit except genotype AVTO1314 that 

showed indeterminate growth habit. The results evident that most tomato varieties in Africa 

have determinate growth habit. These findings trend is consistent with those reported by Sacco 

et al. (2015) that out of the 125-tomato accession characterized, 77.2% were determinate. 

Marginal diversity was demonstrated within the ten genotypes evaluated with respect to flower 

and fruit colour. The ten genotypes had yellow flower’s petals with green fruit colour that 

turned red at full maturity. All the genotypes had uniform green colour on the fruits except 

genotype AVTO1429 that had green shoulders on the fruits. Kenneth, (2016) reported a similar 

trend that 66 accessions out the 69 evaluated had yellow flowers and produced red fruit at full 

maturity. There were no variations in the pigments such as carotenoids, chlorophyll, and 

anthocyanin in the ten genotypes. The green shoulder disorder exhibited by genotype 

AVTO1429 in this study was characterized by persistent, firm green area around the calyx end 

as the fruit ripened. According to Grieson and Kader, (1986), the green shoulder disorder is 

genetically controlled and can be eliminated by adding the uniform ripening gene. Therefore, 

high yielding genotypes such as AVTO1429 expressing green shoulder traits have potential of 

improvement through breeding to introgress the uniform ripening gene. Green shoulders in 

tomatoes were also reported by Maria et al., (2014) when characterizing 69 local tomato 

varieties in Spain. 
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Stem pubescence density in the ten genotypes were intermediate. Stem hairiness facilitate 

coating on stems, fruits, and leaves hence potentially reducing transpiration, reflect sunlight 

and protects the delicate tissues during adverse weather conditions (Subhash, 2010). Field 

observation on the foliage density, among the 10 genotypes, revealed that genotypes Eden, 

Danny, Valoria selection, Roma VF, Cal J, UC82 and Rio Grande had dense canopy while 

AVTO1429, AVTO1424 and AVTO1314 had intermediate canopy. The fruit shape, fruit cross-

section shape and fruit size were each in distinct variations.  Fruits cross- section of the 

genotypes revealed that AVTO1429 had irregular fruit shape, AVTO1314 had round while 

other genotypes had angular fruit shape. Of the 10 genotypes, majority had jointed pedicels 

while Eden Select, Valoria select and Rio Grande displayed jointless pedicels. The present 

study showed eight of the ten studied genotypes had large fruits size categorized in the range 

of 8.1 to 10cm while AVTO1314 and Valoria select had small sized fruits in the range 3 to 

5cm following the IPGRI descriptors for fruit size. These findings are similar to those reported 

by Maria et al. (2014) who found significant variations for fruit size, shape and cross-section 

shape in Spanish local tomato varieties. In addition, Kenneth, (2016) findings support the 

results of our present study where it was demonstrated that majority of accession 81.2% 

evaluated had angular fruit cross-section shape and the large fruit sizes ranging from 8.1 to 

10cm. 

Quantitative traits analysis 

Days to flowering and maturity 

The ten tomato genotypes evaluated had significant differences in the days to flowering and 

maturity at P≤0.05. Tomato genotype UC82 was the earliest flowering at 37, 40 and 31 days 

recorded at Kabete long rain, short rain and Mwea short rain, respectively. Rio Grande that 

took 48 days to 50% flowering at Kabete long rain was the latest flowering genotype. Similarly, 

the earliest maturing genotype was UC82 recording, 79 days at Kabete long rain, 105 days for 

short rain and 71 days at Mwea short rain. The latest maturing genotype at Kabete long rain 

and Mwea short rain was Valoria select, and Roma VF was the latest during the short rain at 

Kabete recording 92, 90 and 124 days, respectively. In the 10 genotypes assessed for days to 

flowering and maturity, Kabete short rain recorded significantly higher days compared to long 

rains and Mwea short rain. The average number of days to 50% flowering recorded at Kabete 

long and short rain and Mwea short rain was 42, 42 and 34 days, respectively while days 

recorded for maturity were 85, 116 and 82 days, respectively. Of concern, environment 

significantly influenced duration to 50% flowering and maturity during the experimental 

period. These findings were consistence with those reported by Samach and Lotan, (2007) 
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where the environment affects the timing of transition from vegetative to reproductive 

development of tomato which is the flowering stage. Genotypes showed differential responses 

to changes in environmental condition for the number of days to maturity. This was indicated 

by the significant difference in days recorded at Kabete field station, on short rains at an 

average of 116 days compared to Mwea short rain at 82 days., This resulted in significant 

genotype x environment interactions. Similar findings were observed by Kenneth, (2016) after 

characterising 69 African tomato landraces under field and greenhouse conditions and noted 

variations in the days to 50% flowering and maturity across the accessions. Accession grown 

in the field recorded a range of 38 to 64 days to 50% flowering while greenhouse had a range 

of 36 to 68 days. In addition, days to maturity ranged from 79 to 127 and from 84 to 131 days 

for accession in the field and greenhouse, respectively. The findings support the results of the 

current study. 

 The days to flowering provides important information in determining either earliness or 

lateness of a variety. Days to flowering had been reported to have a close association to 

maturity of the tomato genotypes (Sacco et al., 2015). Herein, genotype UC 82 was earliest to 

50% flower recording an average of 36 days and was also the earliest genotype to mature 

recording an average of 85 days in all the sites. Similarly, Rio Grande that was latest to 50% 

flowering was also a late maturing genotype. With this positive correlation between days to 

flowering and maturity, it is inferred that crop improvement for early maturity of tomato should 

focus on reducing the number of days to flowering. Notably, early maturity of tomato had been 

an important attribute demanded by growers especially on these perpetual erratic weather 

patterns of nowadays.  

Plant height 

Plant height for all the genotypes that was either determinate or indeterminate did not vary with 

location or season. These results implied that the trait for plant height was consistent across all 

locations (Kabete and Mwea) and seasons (long and short rains) for all the genotypes studied. 

Genotype AVTO1429 which exhibited indeterminate growth habit was the tallest measuring 

126, 204.7 and 217cm at Kabete long rain, short rain and Mwea short rain, respectively. 

Genotype UC82 which had determinate growth habit was the shortest variety at Kabete long 

rain, short rain and Mwea short rain measuring 50.1, 72.3 and 76.7cm, respectively. Plant 

height is important in categorizing the variety as either determinate or indeterminate (Ochilo 

et al., 2019). Moreover, tall varieties require support during growth whereas short or bush 

variety (determinates) do not necessarily require support. The significant difference (P≤0.05) 

observed in this study among the genotypes for the plant height implies an existent in variation 
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among the African tomato landraces for the trait. Similar findings have been reported by 

Kenneth, (2016) of plant height ranging from 25.5 to 81.2cm.  Mohanty, (2003) also reported 

significant differences in plant height among tomato accession. International plant genetic 

resources institute (IPGRI, 2003) uses same categorization of tomatoes as determinate or 

indeterminate based on their height and continuation of growth. Plant height is an important 

trait in a tomato breeding program because it is an alternative determinant of whether the 

tomato variety is determinate or indeterminate. Plant height as a trait determines the variety 

requirement for support and training during growth (Kenneth, 2016). 

Chlorophyll concentration 

Chlorophyll is the most important photosynthetic material and its concentration is the main 

index reflecting the leaf photosynthesis ability and plant health condition. In addition, 

chlorophyll concentration is an alternative to determine the amount of nitrogen content in 

plants. Studies have reported the relationship between the concentration of chlorophyll and the 

nitrogen content in plant leaves (Wang et al., 2004). Therefore, genotypes with high SPAD 

(chlorophyll concentration) value should be selected in breeding for improved nitrogen content 

in plant. 

Significant differences at P≤0.05 were observed among the ten genotypes for chlorophyll 

concentration measured in SPAD value. The two highest scores were recorded in AVTO1314 

and Danny selection at 51.73 and 49.59 SPAD units, respectively and the lowest score was 

observed in Eden selection at 43.75 and Roma VF at 44.90. No variations existed across the 

environment signifying absence of G x E for chlorophyll concentration. These findings are 

comparable to those reported by Kenneth, (2016) that the SPAD value among the 69-accession 

studied had significant difference. SPAD value ranged from 45.1 to 62.7 for field grown 

accessions and 38.4 to 59.0 for greenhouse grown accession. However, there was no significant 

difference for the SPAD value between the accession grown in the field and the greenhouse. 

Significance of chlorophyll has been studied and documented by Fontes, (2001) where he 

pointed its importance in determining nitrogen status in a plant as an alternative method.  

Chlorophyll concentration is a vital indicator for any breeding programme focusing to develop 

varieties with improved nitrogen retention. Significance variations on the chlorophyll content 

was also studied by Wang et al., (2004) in a study that aimed at determining the relationship 

between chlorophyll content in leaves and the nitrogen concentration. 
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Pedicel characteristics  

Various morphological attributes in tomatoes are important in identifying difference across 

genotypes.  Such traits include presence or absence of jointed pedicel and presence or absence 

of green shoulders. Seven of the ten genotypes evaluated had jointed pedicels. The other three 

were jointless. This was an important morphological marker which can be utilized in selection 

or to distinguish a genotype from another. Rio Grande, Valoria select and Eden select were 

jointless. Morphological differences that include plant height, number of primary branches and 

presence or absence of jointed pedicel were also noted by Mohanty, (2003) in the study to 

evaluate different agronomic and growth traits of tomatoes.  

Fruit traits  

There was significantly high difference in, fruit length, fruit diameter, number of fruits per truss 

and number of locules per fruit at P≤0.05. The results imply that tomato genotypes grown in 

Africa have variations in the fruit traits. Rio Grande had the largest fruit length of 58.42 at 

Kabete long rain, 55.89 mm during short rain and 60.23mm at Mwea short rain. The smallest 

fruit length of 46.54mm was recorded in genotype UC82 at Kabete long rain, 43 and 50.08mm 

for AVTO1314 during short rain and at Mwea short rain, respectively. Genotype AVTO1429 

had the largest fruit diameter of 71.17 and 61.68mm at Kabete long rain and Mwea short rain, 

respectively while AVTO1314 recorded the largest diameter of 51.60mm at Kabete short rain. 

Danny select and UC82 had the highest fruit numbers per truss of 5 fruits in all the 

environments while AVTO1429 had the highest number of locules per fruit at 7 locules. These 

findings are similar to those reported by Shushay et al. (2014) and Mohanty, (2003) where 

significant variations in fruit shape, fruit length/diameter and other fruit traits among the tomato 

accession were observed. Fruit shape is an important attribute when developing a variety for 

the market. Consumer had been associating round or angular shape with durability or firmness 

of fruits. Therefore, results revealed Roma VF had the lowest fruit shape index and fruit 

firmness. In addition, the genotypes, AVTO1314 and AVTO1429 recorded highest values of 

both fruit shape index and fruit firmness of more than 90Nmm-1.  

Fruit yield   

The study showed significant variations on tomato yields across the ten genotypes evaluated. 

Genotypes AVTO1429, AVTO1424 and AVTO1314 recorded low yields compared to local 

commercial varieties. Hence, with these variations, the genotypes have potential to be 

improved through breeding programme. Valoria and Danny select were the highest yielding 

genotypes with more than 50,000kg/ha while genotypes AVTO1429 and AVTO1424 had the 

lowest yields below 20,000kg/ha. In addition, the study revealed a positive association of the 
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fruit yields per plant with traits such as plant height, number of primary branches, leaf length, 

leaf width, single leaf area and stem girth. These results showed that tall plants, with many 

branches, large leaf area and wide stem girths such as Danny select have higher yields as 

compared to shorter plants. Therefore, these findings are in accordance with those reported by 

Kenneth, (2016) that tall plants with many primary branches and large leaf area yield higher 

than shorter plants. This association may be explained by the availability of photosynthetic 

material for partitioning to fruit production (Singh et al., 2006 and Gosh et al., 2010).  
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3.6 Conclusion 

The important traits identified in this study were days to 50% flowering, days to maturity, 

chlorophyll concentration, single leaf area, final plant height, fruit shape index, number of fruits 

per truss, number of locules, total soluble sugars, number of seeds per gram. Also, weight of 

100 seeds and yield per plant. The genotypes with outstanding performance included UC 82 

for days to flowering and maturity, plant height and chlorophyll concentration, Valoria select 

for yield and number of seeds and genotype AVTO1314 for fruit weight. Significant association 

of various traits such as fruit weight and fruit length and diameter with yield were observed in 

this study. In addition, the correlation between the number of days to 50% flowering and the 

number of days to maturity was also observed in this study. Such associations help in 

identification of important traits that can be useful for yield improvement through introgression 

of multiple trait selection. This study also revealed the influence of environment in expression 

of some traits such as number of days to maturity. This implies that enhancement of tomato 

should also focus on the adaptation of the genotype to an environment where the breeding 

program is intended. The positive and significant correlation between yield and yield 

components such as fruit length, fruit width, single fruit weight observed in this study, indicates 

clearly that crop improvement for yields in tomato should focus of these traits. 
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CHAPTER 4 

Combining Ability and Reaction of Tomato Parental Lines and their F1 Hybrids to 

Bacterial Wilt in Kenya 

4.0 Abstract 

Parental lines with reliable resistance to bacterial wilt are pre-requisite for tomato breeding 

program that focuses on developing high performing resistant varieties. Ten tomato parents 

were crossed in a 10×10 diallel mating design excluding the reciprocals and the self’s. The 

study aimed to evaluate combing ability effects, heterosis and the reaction of the parents and 

their F1 hybrids to bacterial wilt pathogen. Study materials included three genotypes sourced 

from World Vegetable Centre, Taiwan with genes for resistance to bacterial wilt, three farmer 

selections and four local commercial varieties. Experiments were conducted in greenhouse and 

in bacterial wilt infected field during the long and short rain season, 2017. Greenhouse 

experiment was conducted in a complete randomized design. Ralstonia solanacearum 

inoculum for greenhouse was prepared by flooding pure cultures with sterile distilled water and 

serial dilution up to five folds. Bacterial suspension was then adjusted to 107 CFU/ml by serial 

dilution technique. Plants were inoculated by pricking the roots with sterile needle to create 

wounds and 25ml of the bacterial suspension was added around the plant roots. Trials in the 

field were laid out in a randomized complete block design with three replicates. The sick plots 

were developed by selecting a field with history of R. solanacearum and planting a susceptible 

Roma VF tomato variety to determine the location severity index. Bacterial wilt incidence and 

severity was scored on a 0 to 5 scale where 0 = no disease symptoms, 5 = entire plant dead. 

The analysis of variance was done using GenStat 15th edition and the means were separated 

using Fisher’s protected least significant difference (LSD) test at P≤0.05.  

Bacterial wilt incidence of 89.87%, 79.60%, 69.61% and 49.65% was recorded in commercial 

varieties Roma VF, Cal J, Rio Grande and UC 82, respectively. Similarly, high bacterial wilt 

severity index was observed on the same varieties. Therefore, genotypes UC 82, Cal J VF and 

Rio Grande were moderately susceptible, and Roma VF was highly susceptible with a disease 

incidence of 100%. The farmers selection lines, Eden select recorded high bacterial wilt 

severity score of 4.10 rating the genotype as the second most susceptible after Roma VF which 

recorded a severity score of 4.49.  The results showed a moderate resistance to bacterial wilt 

severity in other farmer’s selection genotypes Danny select and Valoria select with a score of 

1.55 and 2.29, respectively. Genotype AVTO1314 recorded a disease incidence of 13.53% and 

severity of 0.68, AVTO1429 recorded 12.29% and severity score of 0.61 while AVTO 1424 
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rated the most resistant with an incidence of 11.87% and severity index of 0.59. The results 

showed that the parental lines: AVTO1424, AVTO1429, and AVTO1314 showed high levels 

of resistance to bacterial wilt. 

F1 hybrid from cross between AVTO1429 x AVTO1314 recorded the lowest disease incidence 

of 4.94% and severity score of 0.18. Additive gene effects in crosses between highly and 

medium resistant genotypes as observed in cross AVTO1429 x Danny selection resulted to 

development of F1 hybrids with 11.17% disease incidence and 0.37 severity score which was 

more resistant than the parents. The dominance gene effects were observed in F1 hybrids from 

crosses between susceptible Roma VF variety and resistant genotype namely; AVTO1424, 

AVTO1429 and AVTO1314 which recorded significantly lower disease incidence of 16.07%, 

27.41% and 29.98% respectively compared to more than 96% incidence recorded in Roma VF. 

The lowest percentage heterosis of 12% for bacterial wilt incidence and 13% for severity score 

was observed in the cross between Eden select x Roma VF in the greenhouse. It was observed 

that the crosses involving genotype AVTO1429 and AVTO1424 as the better parent recorded 

an infinite (∞) heterosis percentage.  At Kirinyaga site, heterosis for bacterial wilt incidence 

and severity score ranged from -50% to 280% during the long rain season and from -37% to 

181% during the short rain season. During the long rain season, 29% of the F1 hybrids showed 

a negative heterosis for bacterial wilt incidence and severity and 31% of the F1 hybrids during 

the short rain season. The F1 hybrid from the cross between AVTO1429 x AVTO131 recorded 

the lowest percentage heterosis of -50% and -37% during long and short rain seasons, 

respectively while cross between Eden select x AVTO1424 recorded significantly high 

heterosis of 280% during long rains and 181% during short rains. 

The highest GCA effects were recorded by parental genotype Cal J at 20.28 while the lowest 

GCA effects of -26.85, -24.94 and -18.95 were recorded in the parental genotypes AVTO1314, 

AVTO1429 and AVTO1424, respectively. During the long rain season, the highest SCA effects 

were recorded in the cross between UC82 x Valoria select at 31.11 followed by AVTO1429 x 

AVTO1424 at 30.87 while the lowest SCA effects were recorded in cross between Danny select 

x Rio Grande at -27.49 followed by AVTO1424 x Rio Grande at -25.09. During the short rain 

season, the highest SCA effects of 29.38 were recorded in the cross between AVTO1429 x 

AVTO1424 while the lowest SCA effects of -29.26 were recorded in cross between Danny 

select x Rio Grande.  
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Hybridization of parents that are good sources of resistance to bacterial wilt followed by 

selection in segregating population leads to development of in bred progeny with resistance 

greater than that of the parents.  

Keywords: Combining ability, heterosis, tomato, bacterial wilt 

4.1 Introduction 

Tomato (Solanum lycopersicum Mill) has been rated second most important vegetable crop in 

Kenya (FAO 2016).  Tomato is the world’s largest vegetable category representing 16% with 

global production being around 130 million tons (FAOSTAT, 2017). Tomatoes are consumed 

in many dietary forms in Kenya like sauces, paste, processed into tomato juice, and consumed 

fresh as salads in many eateries (Mwangi et al., 2015). Despite the growing demand of tomato 

attributed to growth in population, its productivity has declined sharply from 25.5 t ha-1 in 2006 

to 18.7 t ha-1 in 2016 (FAOSTAT, 2017). The declining productivity in Kenya has been 

attributed to biotic stress especially diseases and pests, and abiotic stresses such as high 

temperatures and high humidity that contributes to yield losses of up to 100% (Mwangi et al., 

2020). Post-harvest losses (40%) of tomato are due to poor quality produce attributed to poor 

handling, storage, disease, and pest that distort the fruits’ size and appearance (Ochilo et al., 

2019). These constraints in tomato production have led to increased cost of production. The 

decline in tomato productivity in Kenya that produces an average of 283,000 tonnes annually 

against an increasing demand of 300,000 tonnes has led to increase in the prices making 

tomatoes unaffordable, and resulting to an importation of up to 27, 000 tonnes of tomato from 

Ethiopia and Tanzania (Sigei et al., 2014).  

Bacterial wilt caused by Ralstonia solanacearum has been identified as one of the most 

devastating diseases in tomatoes causing 64% loss of crop grown under open field and up to 

100% loss of crop in the greenhouse in Kenya (Mbaka et al., 2013). The disease has been found 

to have different effects in the crop depending on environmental conditions.  For example: in 

Kenya, the incidence of bacterial wilt reported in tomatoes range from 30- 90% during the dry 

season (Kiriika et al., 2013). In India bacterial wilt incidence during the summer has been 

documented between 10 to 100% (Wang et al., 2005). Bacterial wilt has been identified as a 

species complex pathogen and difficult to manage because it has wide host range of over 200 

different plant species globally (Hayward, 1991). 

Different methods that include i) selecting a clean field with no history of bacterial wilt 

pathogen; ii) suppressing R. solanacearum pathogen through fumigation, rotational farming 

using non-host crops, flood irrigation especially with crops like rice before planting tomatoes 
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and using soil amendment chemicals; iii) using fertilizers like urea and lime to supress the 

pathogen have been used to manage bacterial wilt disease on tomato (Jitendra et al. (2012): 

Mbaka et al., 2013). However, these management strategies are limited in success (Fentik, 

2017). Earlier studies have reported the use of resistant tomato varieties to manage bacterial 

wilt as the most efficient and effective method Kiriika et al. (2013) and Aslam et al. (2017). 

However, R. solanacearum has several distinct strains that makes a variety resistant to bacterial 

wilt disease in one region become susceptible in another region (Onduso, 2014). Moreover, it 

is difficult to get good resistant tomato varieties at reasonable prices with qualities preferred by 

consumers in Kenya since the seed companies import these varieties at high prices (Kitinoja et 

al., 2011). Therefore, development of tomato varieties that are resistant to bacterial wilt with 

good fruit quality traits is important in hybrid seed production programme that will ensure 

tomato seed are available at cheaper rates to growers (Fufa et al., 2009).  

Objective of this study was to determine the combining ability and reaction of ten potential 

tomato parental lines and their F1 hybrids to bacterial wilt under greenhouse and field 

conditions. 

4.2 Materials and methods 

4.2.1 Experimental site 

Field experiments were conducted at Kabete Field station disease screen house, University of 

Nairobi, and at a bacterial wilt infected farmer’s field at Kanyei Location, Kanyeki-ini Sub-

location, and Kirinyaga County in 2017. Kabete Field Station screen house is located at 

01°15’S; 036°44’E and at 1820m above sea level (ASL). It has a bimodal rainfall of 1059 mm 

per year and temperature range of 12.3 to 22.5°C. The soils are deep, dark brown to brown 

humic nitosols with kaolinite clay minerals and good drainage ideal for tomato production 

(Lengai, 2016). The farmer’s site is at Kanyeki-ini Sub-location, Kirinyaga County located at 

0.54’20° S, 37.27’35° E and elevation of approximately 1570m ASL. The region experiences 

a bimodal rainfall regime of 1470 mm and a temperature range of 15.6 to 28.6°C. The soils are 

deep humic nitisols that are moderately fertile with a pH of about 5 (Waiganjo et al., 2006).  

4.2.2 Experimental design 

The plant materials were evaluated in a randomized complete block design with three replicates 

in the two sites. 

4.2.3 Plant materials 

Ten tomato genotypes used in this study were: I) three breeding lines sourced from the World 

Vegetable Centre (AVRDC) in Taiwan namely; AVT01424, AVT01429 and AVT01314, II) 
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Four commercial varieties sourced from Continental Seeds Company Limited namely; Rio 

Grande, Roma VF, Cal J VF and UC 82, III) three selections known as Eden, Danny and Valoria 

sourced from farmers in Kirinyaga County (Table 4.1).  

The genotypes AVT01424, AVT01429 and AVT01314 are used as donor parents for bacterial 

wilt resistance genes and tomato yellow leaf curl disease (Fufa et al., 2009). AVTO1424 is 

semi-determinate line with oblong shaped, medium to large fruits. AVTO1429 is indeterminate 

line with large round fruits while AVTO1314 is semi-determinate line with round, medium 

sized fruits (AVRDC, 2017). However, these genotypes lack good agronomic traits like closed 

canopy to avoid fruit scotch by sun, and are low yielding as observed earlier during 

characterization of the accession in the current study. They have a poor shelf life and therefore 

require further improvement before commercialization (Fufa et al., 2009).  

The four commercial varieties Rio Grande, UC82, Cal J and Roma VF are pure lines with 

market demanded traits such as high yields, medium oval fruit shape, shelf life and marketable 

firm fruit. However, they lack key agronomic traits and resistance to biotic stresses such as 

resistance to bacterial wilt disease, which is essential in major production areas such as 

Kirinyaga County in the central highlands of Kenya (Ali et al., 2015).  

The farmers’ Valoria and Danny selection are determinate line preferred by growers who claims 

that they have bacterial wilt resistance, selection gives square oblong firm fruits and high yields 

while Eden selection is determinate line preferred by growers for high production of blocky 

fruits but susceptible to bacterial wilt disease. These selections require validation of traits 

farmers claim they have for further genetic improvement in the breeding programme (Ochilo 

et al., 2019). 
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Table 4.1: Origin and some characteristics of the proposed parental lines 

Genotype Source Growth 

habit 

Fruit 

shape 

Bacterial wilt 

resistance 

Yield  

(t haˉ1) 

Reference 

AVTO1424 AVRDC Semi–

determinate 

Oblong Resistant Unknown AVRDC, 2017 

AVTO1429 AVRDC Indeterminate Round Resistant Unknown AVRDC, 2017 

AVTO1314 AVRDC Semi– 

determinate 

Round Resistant unknown AVRDC, 2017 

Rio Grande Seminis, 

Netherlands 

Determinate Oval Susceptible 22.2 Ali et al., 2015  

Roma VF Samoa 

Islands 

Determinate Oval Susceptible 21.8 Ali et al., 2015 

Cal J VF Griffaton, 

France 

Determinate Oval Susceptible 4.8 Stakayres, 2014 

       

UC82 University 

of 

California 

Determinate Oval Susceptible 5.2 Continental seeds, 

2017 

Valoria FS Local 

farmer’s– 

selection 

Determinate Square 

oblong 

Resistant unknown Kirinyaga, 

Kirinyaga, 2007 

Eden FS Local 

farmer’s– 

selection 

Determinate Blocky Susceptible unknown Kirinyaga, 

Kirinyaga, 2007 

Danny FS Local 

farmer’s– 

selection 

Determinate Square 

blocky 

Yes unknown Kirinyaga, 

Kirinyaga, 2007 

 

4.2.4 Development of F1 hybrids 

The ten parental lines were sown in germination trays in August 2017 and transplanted after 28 

days in the field at Kabete, University of Nairobi after attaining pencil thickness. The parental 

crossing plot measured 2.4 m x 2.4 m with 10 plants planted at a spacing of 60 cm x 60 cm. 

Metalaxyl-M and propineb (700 g kg-1) at the rate of 50g in 20 litres water was applied to 

control Pythium, early and late blight. Imidaclopride+betacyfluthrine100+45g L-1 at rate of 0.2 

l ha-1 was applied every 7 days to control white flies. Thiamethoxam at 25ml in 20 litres of 

water per week was used to control leaf miners.  

4.2.5 Mating design and hybridization 

The mating design used was Griffin’s diallel 10 x 10 matrix with males on one side and females 

on the other. This design followed Method 2, which has parents and F1's excluding reciprocals 
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to produce (p (p + 1) =2 cross combinations (Griffin 1956b) (Figure 4.1).  A total of 45 F1's 

were generated after hybridization. 

4.2.6 Preparation of Female parent 

The females were considered ready for emasculation when 2 to 3 flowers in an inflorescence 

were fully grown but before flower petals opened. This maximized the number and fruits 

uniformity in a cluster. Emasculation was carried out with an aid of pointed forceps following 

a protocol by AVRDC, (2001). This was done from 8 to 11am when temperature in the field 

ranged from 21 to 25°C and in the evening between 4 to 6pm when temperature ranged from 

15 to 20°C. This temperature range is vital during emasculation because fruit set is affected at 

temperature exceeding 30° (AVRDC, 2001). Isolation distance of male and female parental 

lines was emphasized because tomatoes are self-pollinating plant. The isolation distance was 

maintained by planting male plants three meters from female plants (Figure 4.4) (AVRDC, 

2001). 

4.2.7 Pollination 

Anthesis in tomato flower starts from 6am and anther dehiscence peaks between 9am and noon 

(AVRDC, 2001). Pollen remains viable from 2 to 5 days and stigma becomes receptive 16 to 

18 hours before anthesis and retains the receptivity up to 6 days after anthesis at temperature 

ranging from 18 to 25oC (Singh and Gill, 1982). Pollen was harvested using modified electric 

toothbrush manufactured by VegiBee-Garden pollinators (model VBP-02) with a pollen 

collection cap (Figure 4.5). Harvested pollen was transferred in a well labelled modified syringe 

holder used for pollinating the ready stigma (Figure 4.6). Pollination involved dipping the 

stigma into the pool of pollen in the pollen container (Figure 4.6). Successful pollination was 

observed within one week of pollination by the enlargement of the fruit (Figure 4.7). Tomato 

stigma remains receptive for 16 hours before anthesis (AVRDC, 2001). Therefore, pollination 

was carried out in the next 2 to 3 days after anthesis. To maximize fertilization and fruit 

formation, pollination was performed during anthesis at temperatures of 21 to 23°C (Singh et 

al., 2004). After pollination, the cluster was labelled with a waterproof tag containing 

information of female, male and date of crossing.  About 2-3 sepals were removed after 

hybridization to distinguish the hand pollinated cluster from self’s during fruit harvesting 

(Figure 4.8). 
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 Eden 

FS 

Roma 

VF 

AVTO1429 Cal 

JVF 

AVTO1424 Danny 

FS 

AVTO1314 UC82 Valoria 

FS 

Rio 

Grande 

Eden FS  X X X X X X X X X 

Roma VF   X X X X X X X X 

AVTO1429    X X X X X X X 

Cal JVF     X X X X X X 

AVTO1424      X X X X X 

Danny FS       X X X X 

AVTO1314        X X X 

UC82         X X 

Valoria FS          X 

Figure 4. 1: Crossing block layout for Griffing Diallel Method 2 Mating scheme 
 

4.2.8 Harvesting fruits and seed processing 

Fruits were harvested manually upon turning red at physiological maturity and placed in a 

woven net and clearly labelled following a procedure by Dias et al. (2006). Physiological 

maturity was essential for good seed germination. Eight fruits were hand crushed in a pail 

containing 1 litre of water and later transferred to second pail with double volume of water and 

10ml 0.6 M commercial hydrochloric acid to remove mucilage surrounding the seeds (Figure 

4.9) (Singh and Gill, 1982). The pulp and acid mixture were stirred continuously after every 15 

minutes for 45 minutes and the supernatant drained.  The seeds were washed with distilled 

water to remove extra debris from the pulp. The seeds were then sun dried for 3 days to a 

moisture content not exceeding 8 percent (Figure 4.10) following a modified protocol of 

Cheema et al., (2005). The dried seeds were packed in khaki paper envelopes before storage in 

cool, well-ventilated, and dry place (Figure 4.11). 

4.2.9 Evaluation of bacterial wilt sick plot 

Bacterial wilt sick plot was selected at a farmer’s field with history of R. solanacearum in 

Kanyei location, Kanyeki-ini sub location in Kirinyaga County during the long rains (March-

April) and short rains (September-October), 2017. Bacterial wilt susceptible tomato variety 

known as Roma VF was used to test the pathogen load and establish the severity index for the 

Females 

M
a
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site (Jitendra et al., 2004). Healthy tomato seedlings that were 28 days old were selected after 

attaining pencil thickness and transplanted in this field with the history of R. solanacearum. 

The field that measured 2,500m2 was divided into 3 replicate blocks with 550 plants per block. 

Bacterial wilt incidence was assessed after every three days for 24 days by counting the number 

of wilted plants in each block. The location severity index (LSI) was assessed as percentage of 

wilted plants within each block. 

i.e., 𝐿𝑆𝐼 =
𝑁𝑃𝑆𝑊𝑆

𝑁𝑃𝑃𝑇
× 100 

Where: LSI- Location severity index, NPSWS- number of plants showing wilt symptoms and 

NPPT- number of plants per block (Ayana et al., 2011). 

The sick plot is considered ideal for Ralstonia solanacearum evaluation after attaining location 

severity index of over 76 % in susceptible tomato varieties such as Roma VF (Jitendra et al., 

2004). 

4.2.9.1 Isolation of Ralstonia solanacearum from diseased plants 

The dead or wilted Roma VF tomato plants after the disease infection in the sick plot at farmer’s 

field were collected in khaki bags and taken to the pathology laboratory in the University of 

Nairobi. Random samples were taken from the diseased plants for laboratory confirmation of 

R. solanacearum. Bacterial streaming was the first confirmation test carried out following 

Kelman, 1954 protocol. Diseased tomato stems were horizontally cut, and the section dipped 

in clear water in universal bottles to allow bacteria exudates to stream out of the diseased 

vascular bundle. 

The second confirmation test was isolation of R. solanacearum on selective medium. Diseased 

stem samples weighing 10g were cut into 2cm long sections and were surface sterilized with 

2% sodium hypochlorite solution for 2 minutes followed by 3 rinses in sterile distilled water. 

The sections were macerated in 90ml sterile water in a sterile blender and was then emptied in 

a sterile 250ml conical flask. After vigorous shaking for 30 minutes in a rotary shaker at 

200rpm, the suspension was serially diluted up to 8 folds. One ml of the 7th and 8th fold were 

plated on Kelman’s TZC agar medium (2, 3; 5 Triphenyl Tetrazolium Chloride medium) and 

incubated for 48 hours at 28oC (Kelman, 1954). Morphological characteristics that include 

fluidal whitish colonies with pinkish centre were used to count R. solanacearum colonies. 
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4.2.9.2 Assessment of the amount of inoculum in the soil at the farmer’s field 

The soil samples were collected randomly from the sick plot in regions with Roma VF tomato 

plants showing symptoms of bacterial wilt during the short and the long rain seasons, 2017. 

The symptoms included leaves that had turned yellow, shrivelled, drooping, wilted and dead 

plants following the procedure of Champoiseau and Momol, (2008). The sick plot was divided 

into three blocks. Scoops of 50g were randomly picked from each block at a depth of 10cm and 

composited in polythene bags for laboratory analysis. Three replicates of ten grams of soil from 

the composited sample were placed into 250ml conical flasks containing 90ml sterile. After 

vigorous shaking for 30 minutes in a rotary shaker at 300rpm, the suspension was serially 

diluted up to 15 folds as described by Xu et al., (2012). One ml of the 14th and the 15th folds 

was plated on Kelman’s TZC media and incubated for 48 hours at 28oC. R. solanacearum 

colonies that are round, white, fluidal with irregular margins and pinkish red centre were 

counted and the colony forming units per gram of soil were calculated. 

4.2.10 Evaluating the reaction of 45F1 hybrids and their parents to bacterial wilt disease 

in the greenhouse 

4.2.10.1 Greenhouse planting materials  

Ten parents and their 45 F1 hybrids were evaluated in a complete randomized design with three 

replicates at Kabete bacterial wilt screen house. Tomato seedlings that were 28 days old, 

previously raised in germination trays using peat moss in a glasshouse at Kabete Field Station 

were transplanted in 5 litre plastic pots. Each pot contained 2 kg of forest soil from fields with 

no history of R. solanacearum, 2kg of well decomposed compost manure and 1kg sand. One 

seedling was planted per pot, four pots served as a plot and virulent strain of R. solanacearum 

was inoculated on the plants. Di-ammonium phosphate (DAP) and N: P: K (17% nitrogen: 17% 

phosphorus: 17% potassium) at the rate of 12g plant-1 was applied during transplanting. 

Recommended agronomic practices for watering and spraying with chemicals were carried out 

to ensure healthy crop. The crop was supported using citric twin, tied to a barbed wire. 

4.2.10.2 Inoculation of R. solanacearum in the greenhouse 

Virulent strain of R. solanacearum isolated from infected tomato plants using procedure 

described by Kiriika et al., (2013) was used to prepare inoculum for greenhouse inoculation. 

Diseased materials collected from farmers’ fields in Kirinyaga County were cut into 2cm long 

sections. The sections were surface sterilized with 2% sodium hypochlorite solution for 2 

minutes followed by 3 rinses in sterile distilled water. The sections were macerated in 10ml 

sterile water in a sterile universal bottle using a sterile glass rod. Using a sterile wire loop, the 
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suspension was streaked on plates containing nutrients agar (NA) made of 5% bacto peptone, 

0.25% D-glucose, 0.3% beef extract and 1.5% agar per litre of distilled water (dH2O)]. Pure 

colonies of R. solanacearum were obtained by sub-culturing in petri dishes containing fresh 

NA. The cultures were incubated at 28 °C for 48 hours. Pure cultures of R. solanacearum were 

flooded with 10ml sterile distilled water to obtain bacterial suspension for inoculation in the 

greenhouse. Bacterial suspensions were adjusted to 107 CFU/ml by serial dilution technique up 

to five folds (Kiriika et al., 2013). The bacterium was inoculated into tomato seedlings by 

pricking the roots to create wounds and applying 25ml of the bacterial suspension around the 

pricked plants roots two weeks after transplanting.  

4.2.11 Evaluating the reaction of 45F1 hybrids and their parents to bacterial wilt disease 

in the field 

4.2.11.1 Study sites and planting material preparations 

Ten parents and their 45 F1 hybrids were evaluated at a bacterial wilt infected farmer’s field at 

Kanyeki-ini Sub-location, Kanyei Location in Kirinyaga County during the short and long rain 

season, 2017. Seedling that had been previously raised in germination trays using peat moss in 

a glasshouse at Kabete Field Station were transplanted in the fields. In the nursery, seedling 

management practices included watering and spraying with fungicides and foliar fertilizer 

weekly. 

4.2.11.2 Study material evaluation 

The experiments in two seasons were conducted in a randomized complete block design, 

replicated three times. Each genotype was planted in a 1 x 4 m plot with 10 plants at a spacing 

of 60 x 60cm. Seedlings that had been previously raised in germination trays using peat moss 

medium at Kabete glasshouse were transplanted after 28days in the field. Di-ammonium 

phosphate (DAP) and N: P: K (17% nitrogen: 17% phosphorus: 17% potassium) at the rate of 

12g plant-1 was applied during transplanting. Manual cultivation was carried out to keep plots 

weed free. Metalaxyl-M and propineb 700g/kg at the rate of 50g/20 litres water was used to 

control early and late blight every 14 days. Imidaclopride+betacyfluthrine100+45g/l at rate of 

0.2l/ha and Thiamethoxam at the rate of 8gm / 20 litres of water was used to control aphids, 

whiteflies, and leaf miners during the crop growth cycle. Supplemental irrigation was provided 

with drip system, as necessary. 

4.2.12 Data collection in greenhouse and the field 

Resistance to bacterial wilt was determined by assessing the number of wilted plants at an 

interval of 4 days. Data was collected after 28 days of transplanting when the first bacterial wilt 



122 
 

symptoms on the plants were observed following the procedure of (Jeger and Viljanen-

Rollinson, 2001). Bacterial wilt disease incidence (DI) was calculated as a percentage (%) 

focused on the average of wilted plant over the total number of planted plants per treatment. 

The disease evaluation followed procedures of Jeger and Viljanen-Rollinson (2001). Resistance 

was categorized as suggested by Shinji et al., (1997). Both evaluation models were used to 

develop the disease severity scoring scale shown in (Table 4.2). This was achieved through 

scoring wilted plants and checking bacterial ooze from infected plants. 

Table 4. 2: Disease scoring scale for bacterial wilt of tomatoes 

Score Observation Severity index Observation 

0 No symptom 12-13 High resistance 

1 One leaf wilted 9-11 Resistance 

2 Two leaves wilted 6-8 Moderate resistance 

3 Three leaves wilted 3-5 Weak resistance  

4 All leaves wilted except the tip 1-2 Susceptible 

5 Entire plant wilted (death) 1-2 Susceptible 

Shinji et al., (1997) Jeger and Viljanen-Rollinson, (2001) formula was used to calculate the 

area under disease progress curve (AUDPC) per plant in all the treatment illustrated as follows: 
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Where xi and xi-1 denote disease severity index and ti and ti -1 are consecutive evaluation dates 

(ti- ti-1 equal to 1). Turkey test at α = 0.05 was used to test the level of significance differences 

between treatments. 

4.2.13 Estimating heterosis for resistance to bacterial wilt disease 

Heterosis was estimated by the relative performance of the F1 hybrids expressed as a percentage 

higher or lower performance of the new F1 hybrid compared to the better parent (Virmani et 

al., 1997). Better parent heterosis was estimated as: 

Better parent heterosis (%) = 
𝐹1−𝐵𝑃

𝐵𝑃
× 100 

 

Where: F1= mean performance of a single cross and BP= mean performance of the better  
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4.2.14 Estimating general and specific combining ability 

Collected data was subjected to combining ability analysis (GCA and SCA) as per procedure 

stipulated by Griffin (1956) method II and model I of fixed effects model for all the 10 parents 

and the 45 F1 hybrids developed following hybridization excluding the reciprocal crosses. 

4.3 Statistical analysis 

Analysis of variance (ANOVA) for bacterial wilt incidence and severity was conducted using 

randomized complete block design and complete randomized design for field and greenhouse 

data, respectively to compare the means for the genotypes. The means were separated using 

Fisher’ protected significant difference (LSD) test using GenStat 15thedition software at P ≤ 

0.05 probability level. 

Genetic analysis that involved a diallel analysis to determine General Combining Ability, 

Specific Combining Ability, variances and effects, relative importance of GCA/SCA and 

interaction of GCA and SCA with environments was conducted using genetic design tool in 

AGD-R (Analysis of Genetic Design with R) version 5.0 with genotypes as the fixed factors 

(Francisco et al., 2018). The various means were separated using least significant differences 

(LSD) at ≤ 0.05. 

ANOVA showing significant variance among progenies, parental and F1 was used in analysis 

of variance for combining ability. The collected data was arranged in a matrix form where 

reciprocals were replaced by F1 values. From this data, sum of squares, mean sum of squares 

and expectations for GCA effects, SCA effects and Error effects were calculated using the 

genetic design tool in AGD-R (Analysis of Genetic Design with R) version 5.0. 

Estimation of variance components was developed on the expectation’s values from the 

analysis of variance for combining ability. The components were developed as: 

σ̂2
g= (MSg-MSs)/(p+2) 

σ̂2
s =MSs-MSe 

σ̂2
e=MSe 

Therefore: Additive variance =2σ̂2
g and Dominance variance =σ̂2

s 

Estimation of combining ability effects 

(i) Estimation of GCA effects 

 

GCA effect (gi) =Xi…- X… 

         tr        ltr 
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Where, 

gi= General combining ability effect of ith line 

Xi = Total of ith line overall including replications 

X... = Total of all hybrid combinations 

 

(ii) Estimation of SCA effects 

 

SCA effect (Sij) = Xij -Xi… - Xj + X… 

                           r      trl      rl     tr 

Where, 

Sij= Specific combining ability of the ith line and jth parent cross  

Xij= Total (ij)th combination for all replications 

Overall performance of the male and female in the diallel design was equated to their respective 

general combining abilities (GCA) and their interactions equated to their respective specific 

combining abilities (SCA). 

Estimating genetic parameters 

Singh and Choudhary (1979) model of calculating phenotypic and genotypic variances as well 

as heritability was used to estimate genetic parameters as described below: 

𝐺𝑒𝑛𝑜𝑡𝑦𝑝𝑖𝑐 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 (𝜎2𝑔) =  𝜎2𝑝 – 𝜎2𝑒 

Explained, 

 σ²p = Phenotypic variance 

σ²e = Error variance 

Phenotypic variance (σ²p)  =  σ²g +  σ²ge +  σ²e 

Explained, 

 σ²g = genotypic variance, 

 σ²ge= genotype x environment variance, and 

σ²e = error variance 

 

GCA/SCA ratio 

To understand the importance of gene actions (additive and non-additive) in the expression of 

a certain trait following hybridization, ratios of the combining ability variance components 

were computed (Fasahat et al., 2016).  

 𝐺𝐶𝐴 𝑎𝑛𝑑 𝑆𝐶𝐴 𝑟𝑎𝑡𝑖𝑜 =
2𝜎2𝑔𝑐𝑎

2𝜎2𝑔𝑐𝑎 − 𝜎2𝑠𝑐𝑎
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4.4 Results 

4.4.1 Weather conditions at the experimental sites 

Experiments were conducted in the greenhouse at Kabete station, University of Nairobi, and in 

a bacterial wilt infected farmer’s field at Kanyei Location, Kanyeki-ini Sub-location, and 

Kirinyaga County during the short and long rain season, 2017. During the long rain season, the 

minimum temperature ranged from 16.5 to 17.5oC and the maximum temperature ranged from 

27.4 to 32.8oC while rainfall ranged from an average of 67.9 to 216.6 mm per month at 

Kirinyaga site (Figure 4.2). At Kabete site, the minimum temperature ranged from 14.0 to 

15.3oC and the maximum temperature ranged from 20.1 to 21.9◦C while rainfall ranged from 

an average of 84.7 to 167.8 mm per month. During the short rain season, the minimum 

temperature ranged from 16.0 to 18.0◦C and the maximum temperature ranged from 27.7 to 

30.0◦C while rainfall ranged from an average of 14.9 to 152.8 mm per month at Kirinyaga site. 

At Kabete site, the minimum temperature ranged from 13.3 to 15.0◦C and the maximum 

temperature ranged from 19.1 to 21.2◦C while rainfall ranged from an average of 6.5 to 162.2 

mm per month. According to Yendyo et al. (2017), higher temperatures ranging from 19 to 

32◦C and rainfall ≤ 319.5mm per month plays a major role in Ralstonia solanacearum growth 

and bacterial wilt disease development. Therefore, the weather condition at these experiment 

sites, Kabete and Kirinyaga was ideal for tomato production. In addition, the weather was 

favourable for pathogen and bacterial wilt disease development. However, during the 

experiment period, rainfall and temperature were significantly higher at Kirinyaga site 

compared to Kabete site as shown by figure 4.3. These higher readings at Kirinyaga site were 

more favourable for bacterial wilt disease development as compared to Kabete site. Hence, the 

disease progressed significantly faster at Kirinyaga compared to Kabete site. The higher 

temperature and rainfall readings at Kirinyaga site also favoured higher bacterial wilt disease 

incidence and severity compared to Kabete site. 
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Figure 4. 2: Mean monthly temperature during the long and short rain season, 2017. The 

readings were significantly higher at Kirinyaga compared to Kabete site. Source of the data: 

Kabete and Kirinyaga meteorological office 

 

 

Figure 4. 3: Mean monthly rainfall during the long and short rain season, 2017. The readings 

were significantly higher at Kirinyaga in May, September and October compared to Kabete 

site. Source of the data: Kabete and Kirinyaga meteorological office  

 

4.4.2 Development of F1 hybrids   

4.4.2.1 Hybridization of ten parental lines through half diallel for population development 

The ten parental genotypes were successfully hybridized at Kabete open field using half diallel 

mating design. The 45 F1 hybrids obtained, together with their parental genotypes were planted 

in the sick plot at Kirinyaga and in greenhouse where artificial inoculation of bacterial wilt was 

done to determine the level of resistance for both the parents and their hybrids.  
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Figure 4. 4: Ten female tomato genotypes planted in Kabete field after hand emasculation 

ready for hybridization, 2017 

 

 

 
 

 

Figure 4. 5: Harvesting of pollen from the male tomato plants at Kabete field for hand 

pollination 

 

 

 

AVTO1424 (T3) 
CAL J VF (T4) 

Pollen harvesting with modified electric toothbrush 



128 
 

 

Figure 4. 6: Hand pollination of ready stigma using a modified pollen holder at Kabete field 

station 

 

 
Figure 4. 7: Successfully pollinated stigma ovary starting to form some fruits at Kabete field 

station, 2017 

 

Young fruit one week after 

pollination 

Pollen dust during pollination 
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Figure 4. 8: Successfully pollinated cluster of Valoria FS showing maturing fruits with 2-3 

sepals removed to distinguish from self’s at Kabete field station crossing block, 2017 

 

 

 
Figure 4. 9: Seed extraction from ripe harvested fruits by hand in a bucket with one litre of 

water (8 fruits were extracted with 1 litre of water) at Kabete Field Station, 2017 

 

 

Sepals removed 
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Figure 4. 10: Sun drying of tomato seeds conducted for 3 days to ensure 8% moisture content 

in the seed at Kabete glass house, 2017 

 

 

 
Figure 4. 11: Packed hybrids F1 seeds after sun drying at Kabete Field Station, University of 

Nairobi, date, 2017 

  

4.4.3 Development of wilt sick plot 

Bacterial wilt sick plot at farmer’s field was confirmed to be infected by R. Solanacearum. 

Bacterial wilt symptoms on Roma VF tomato variety were observed ten days after transplanting 

the seedlings to the field. The symptoms observed were lower leaves turning pale yellow, loss 

of leaf turgidity followed by drooping of leaves and wilting of plants as shown by figure 4.12 
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Figure 4. 12: Tomato Roma VF wilting two weeks after transplanting at farmer’s field in 

Kirinyaga 2017 

 

In confirming wilting was due to bacteria and not nematodes, fusarium or verticillium, the stem 

of infected tomato plant cut longitudinally showed brown discoloration on the vascular bundle. 

In addition, a positive bacterial ooze test was observed. This was confirmed by production of 

milky white exudates from the infected tomato stem cross-section. Moreover, strands of 

bacterial cells were observed oozing out of the stem suspended in clear water in universal bottle 

during bacterial streaming (Figure 4.13). 
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Figure 4. 13: A- Stem of infected tomato plant cut longitudinal showing brown discoloration 

on the vascular bundle at Kabete laboratory, May 2017. B- Milky white strands of bacterial 

cells oozing out of the Roma VF stem suspended in clear water 

The wilting percentage for the six sampling dates ranged from 50 to 96% during the long rain 

season and from 49 to 98% during the short rain season (Table 4.3). This high percentage of 

wilted plants indicated that the location severity index was high. Therefore, the site was ideal 

for R. solanacearum evaluation after attaining the recommended location severity index of over 

76 %. The results showed an average increase of 4% in disease severity index during the second 

season (short rain season) as compared to the first season (long rain season). The disease 

progressed rapidly in both seasons as observed in figure 4.14. However, the disease progressed 

faster during the second season (short rains) as compared to the first season (long rain). This 

was indicated by more than 40% severity index observed only ten days after of transplanting 

tomato seedlings. Furthermore, bacterial wilt incidence on Roma VF tomato variety was more 

than 90% in both seasons after 21 days of transplanting seedlings. 

 

 

 

 

 

 

A 

 

B 

Bacterial ooze 

Brown 

discoloration 
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Table 4.3: Bacterial wilt incidence and the Percentage location severity index at Farmer's 

site during the long and short rain season 

 Wilted plants out of 550 planted Location severity index (LSI) (%) 

Days after 

transplanting 

LR2017 

Incidence 

SR2017 

Incidence 

LR2017 LSI 

(%) SR2017 LSI (%) 

10days 275 270 50 49 

13days 325 374 59 68 

16days 418 440 76 80 

18days 468 490 85 89 

21days 501 528 91 96 

24days 528 539 96 98 

Mean 419 440 76 80 
The values in the table are average for the three replicated blocks. LR: long rain season. SR: short rain 

season 

Figure 4.14: Disease progress curve for the percentage location severity index at the Farmer’s 

field in Kanyei location, Kanyeki-ini sub location in Kirinyaga County 

4.4.3.1 Ralstonia solanacearum colonies Isolated from diseased plants in the sick plots 

R. solanacearum, isolated from diseased Roma VF tomato plants collected from the sick plot 

at Farmer’s field were observed as round, white, fluidal colonies measuring 8.0mm with 

irregular margins and pinkish red centre on Kelman’s TZC selective medium (Figure 4.15). 

Triphenyl Tetrazolium Chloride (TZC) medium is used to distinguish R. solanacearum from 

other bacteria during isolation (Fajinmi and Fajinmi, 2010). Moreover, the media shows the 

virulent and avirulent colonies of R. solanacearum.  
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Figure 4.15: White, fluidal, pinkish red centred colonies of R. solanacearum with round 

irregular margin on Kelman’s TZC medium at Kabete laboratory, May 2017. The pathogen 

was isolated from various infected Roma VF tomato plants (a, b, c, d, e, and f) at Farmer’s sick 

plot, 2017 

4.4.3.2 Amount of inoculum in the soil at Farmer’s field 

R. solanacearum colonies that appeared white, fluidal with pinkish red centre and round 

irregular margins were counted and multiplied by the dilution factor to determine the colony 

forming units per gram of soil. The average amount of inoculum in the three blocks assessed 

ranged from 5.7×1015 cfu/g to 9.3×1015 cfu/g of soil during the long rain season and 1.63×1016 

to 1.9×1016 cfu/g of soil during the short rain season (Table 4.4). There was no significant 

difference between the three blocks sampled for R. solanacearum inoculum in the soil at 

(P≤0.05). The average amount of inoculum recorded during the long and the short rain seasons 

was 8×1015 and 1.8×1016 cfu/g of soil, respectively. These results showed a significant 

percentage increase of 53% in the amount of inoculum recorded during the short rains as 

compared to the long rain season at (P≤0.05). 

Table 4.4: Amount of Ralstonia solanacearum inoculum (cfu/g of soil) in the soil at 

Farmer's field during the long and short rains seasons, 2017 

 ×1014 (cfu/g)  ×1015 (cfu/g)  

Site LR2017 SR2017 

Inoculum 

increase (%) LR2017 SR2017 

Inoculum 

increase (%) 

Block1 44 73.7 39 9.3 19 51 

Block2 36.7 64 43 9 18.3 48 

Block3 34.3 61.3 43 5.7 16.3 62 

Mean 38.3 66.3 42 8 17.9 53 

CV (%) 7.5 6.1 13.7 23.2 14 25.8 

LSD (P≤0.05) 21.55 24.55 36.5 6.86 12.61 45.2 

Inoculum in the sick plot. LR2017: long rain season. SR2017: short rain season. LSD= Least 

significant differences of means at (P≤0.05), CV (%) = Coefficient of variation  
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4.4.4 Reaction of 45F1 hybrids and their parents to bacterial wilt disease in the greenhouse 

4.4.4.1 Bacterial wilt incidence  

There were highly significant differences (P≤0.05) among the ten lines in their reaction to 

infection by bacterial wilt (Table 4.5). Analysis of variance showed that there were highly 

significant differences for reaction to bacterial wilt infection among the genotypes. Bacterial 

wilt incidence for the ten genotypes ranged from an average of 0.00% to 73.33% and with a 

mean of 40.31 percent. AVTO1429 and AVTO1424 had the lowest disease incidence of 0.00% 

followed by AVTO1314 which had a disease incidence of 2.78% (Table 4.6). The results 

showed that the commercial tomato varieties; Rio Grande, Roma VF and Cal J VF, had 

significantly higher disease incidence compared to the local farmers’ selection; Danny and 

Valoria select at P≤0.05. Cal J and Roma VF had the highest bacterial wilt incidence. Cal J VF 

had an incidence of 70 percent compared with 73.3 percent for Roma VF. 

The results showed a highly significant difference among the 45 F1 hybrids for bacterial wilt 

incidence in the greenhouse at Kabete site at (P≤0.05) (Table 4.7). Bacterial wilt incidence 

varied from 3.33% to 94.33%. The mean bacterial wilt incidence for the 45 F1 hybrids was 

50%. The F1 hybrids from crosses with AVTO1429, AVTO1424 and AVTO1314 as one of the 

parents had significantly lower disease incidence compared to the F1 hybrids from other 

crosses. The F1 hybrids from the cross between AVTO1429 x AVTO1314 recorded the lowest 

bacterial wilt incidence of 3.33% followed by AVTO1424 x AVTO1314 at 8.33% and 

AVTO1314 x Danny select at 9.33% (Table 4.7). The highest disease incidence of 94.33%, 

93% and 93% was recorded in F1 hybrids from crosses between Eden select x Cal J VF, Eden 

select x UC82 and Cal J VF x Rio Grande, respectively. The results showed that the F1 hybrids 

from crosses with commercial tomato varieties Rio Grande, Roma VF and Cal J VF as one of 

the parents, recorded significantly higher disease incidence compared to F1 hybrids from other 

genotypes at P≤0.05.  
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Table 4. 5: Mean squares of bacterial wilt percentage incidence and severity score of 10 tomato 

parental lines grown in three environments in Kenya, 2017. 

  Mean squares 

Source df 

Bacterial wilt 

incidence (%) 

Bacterial wilt 

severity score 

Replication 2 165.63 0.43 

Environmentsß 2 1564.31 3.94 

Residual 4 209.56 0.52 

Genotypes 9 8432.46** 21.09** 

Environment x Genotypes 18 154.17** 0.38** 

Residual 54 29.51 0.07 

ßEnvironments were Kirinyaga bacterial wilt sick plot 2017 long and short rain seasons, and at Kabete 

greenhouse inoculation during 2017 short rain season. *, ** Significant at 5 and 1 percent probability 

levels, respectively. 

 

 

Table 4. 6: Reaction of 10 parental lines to bacterial wilt at Kirinyaga field and at Kabete 

greenhouse 

 

Parents  

Incidence (%) of Bacterial  Bacterial wilt severity score 

Sick 

plot 

LR2017 

Sick 

plot 

SR2017 

Green

house 

2017 

Mean Sick 

plot 

LR2017 

Sick 

plot 

SR2017 

Green

house 

2017 

Mean Observation 

Eden select 90.40 86.00 69.31 81.90 4.52 4.32 3.44 4.10 Susceptible 

Roma VF 99.60 96.67 73.33 89.87 4.98 4.83 3.67 4.49 Susceptible 

AVTO1429 17.87 19.00 0.00 12.29 0.89 0.94 0.00 0.61 Resistance 

Cal J VF 84.47 84.33 70.00 79.60 4.22 4.22 3.50 3.98 Susceptible 

AVTO1424 14.93 20.67 0.00 11.87 0.75 1.03 0.00 0.59 Resistance 

Danny select 31.40 34.33 27.04 30.92 1.57 1.72 1.35 1.55 Moderate resistance 

AVTO1314 14.47 23.33 2.78 13.53 0.72 1.18 0.14 0.68 Resistance 

UC82 40.47 47.00 61.48 49.65 2.02 2.36 3.07 2.49 Moderate resistance 

Valoria 

select 

49.40 51.00 36.67 45.69 2.47 2.55 1.83 2.29 Moderate resistance 

Rio Grande 68.53 77.33 62.96 69.61 3.43 3.88 3.15 3.48 Weak resistance 

Grand mean 51.15 54.00 40.31 48.49 2.56 2.70 2.02 2.43  
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CV (%)    5.43    0.27  

LSD (5%)    11.81    0.59  

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kirinyaga bacterial wilt sick plot LR2017 (long rain season) and SR2017 (Short 

Rain season) 2017, and at Kabete bacterial wilt inoculation in the greenhouse 2017. 

 

4.4.4.2 Bacterial wilt severity 

The trend of results observed for bacterial wilt severity score was similar to that of bacterial 

wilt incidence in the 45 F1 hybrids and the parents. There was highly significant difference 

(P≤0.05) among the ten genotypes for the bacterial wilt severity score in the greenhouse at 

Kabete site (Table 4.5). Analysis of variance showed that bacterial wilt severity score for the 

ten genotypes varied from an average of 0 to 4. The mean bacterial wilt severity index for the 

ten genotypes was 2.02. AVTO1429 and AVTO1424 had the lowest disease severity index of 

0.00 followed by AVTO1314 with a disease severity score of 0.14 (Table 4.6). The results 

showed that the commercial tomato varieties; Rio Grande, Roma VF and Cal J VF, were 

significantly more susceptible compared to the local farmers’ selection; Danny and Valoria 

select at P≤0.05. The highest bacterial wilt severity score of 3.50 and 3.67 was recorded in Cal 

J VF and Roma VF varieties, respectively which was similar to the results observed for bacterial 

wilt incidence. 

The results showed a highly significant differences among the 45 F1 hybrids for the bacterial 

wilt severity index similar to the trend of results observed for the incidence in the greenhouse 

at Kabete site at (P≤0.05) (Table 4.7). Bacterial wilt severity score for the 45 F1 hybrids ranged 

from an average of 0.03 recorded by the F1 hybrid from cross between AVTO1429 x 

AVTO1314 to 4.72 for Eden select x Cal J VF, and UC82. The mean bacterial wilt severity 

score for the 45 F1 hybrids was 2.413. The F1 hybrids from crosses between genotypes 

AVTO1429, AVTO1424 and AVTO1314 as one parent recorded significantly lower disease 

severity compared to the F1 hybrids from other crosses. The F1 hybrids from the cross between 

AVTO1429 x AVTO1314 recorded the lowest bacterial wilt severity score of 0.03 followed by 

AVTO1424 x Valoria select at 0.117 and AVTO1429 x Danny select at 0.18 (Table 4.7). The 

results showed that the F1 hybrids from crosses with commercial tomato varieties; Rio Grande, 

Roma VF and Cal J VF as one of the parents, recorded significantly higher disease severity 

compared to other genotypes at P≤0.05. All the F1 hybrids from crosses involving genotypes; 

AVTO1424, AVTO1429 and AVTO1314 as the parents, had significantly lower bacterial wilt 

severity score of ≤ 2.  
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4.4.4.3 Heterosis for resistance to bacterial wilt in the greenhouse 

Heterosis for resistance to bacterial wilt was observed in some F1 hybrids in the greenhouse. 

Heterosis ranged from 12% to infinite number for both disease incidence and severity (Table 

4.8). The lowest percentage heterosis of 12% for bacterial wilt incidence and 13% for severity 

score was observed in the cross between Eden select x Roma VF. This was followed by cross 

Roma VF x Valoria that recorded 24% and 25% heterosis for bacterial wilt incidence and 

severity, respectively. However, positive percentage heterosis indicated that the F1 hybrids had 

higher disease incidence and severity as compared to the better parents. It was observed that 

the crosses involving genotypes AVTO1429 and AVTO1424 as the better parent recorded an 

infinite (∞) heterosis percentage. This was observed because the better parent recorded no (0) 

disease incidence and severity. This implied that there was no heterosis in F1 hybrids involving 

these parents. 

4.4.5 Reaction of 45F1 hybrids and their parents to bacterial wilt disease in the field 

4.4.5.1 Bacterial wilt incidence  

There was no significant difference at (P≤0.01 and 0.05) recorded for bacterial wilt incidence 

across the short and long rain seasons (Table 4.5). The mean bacterial wilt incidence recorded 

for the ten genotypes was 51.15% during the long rain season, and 54% during the short rain 

season (Table 4.6). Similarly, the average disease incidence recorded during the long and the 

short rain seasons for the F1 hybrids was 44.04% and 46%, respectively (Table 4.7). The 

analysis of variance showed highly significant differences at (P≤0.01) for interactions between 

the two environments and the ten genotypes (Table 4.5).  

There was highly significant difference among the ten genotypes for the bacterial wilt incidence 

across the two seasons in Kirinyaga site at (P≤0.05) (Table 4.7). Analysis of variance showed 

that bacterial wilt incidence for the ten genotypes varied from a mean of 14.47% to 99.60% 

during the long rains and from 19% to 96.67% during the short rain season. The lowest bacterial 

wilt disease incidence during the long and short rain seasons was recorded in genotypes 

AVTO1314 at 14.47%, 23.33%, AVTO1424 at 14.93%, 20.67% and ATVO1429 at 17.87%, 

19%. The highest incidence of 90.40% and 96% was recorded in Eden select followed by the 

commercial tomato varieties; Roma VF at 99.60% and 96.67%, Cal J VF at 84.47% and 84.33% 

and Rio Grande at 68.53% and 77.33% during the long and the short rain seasons, respectively.  

The results showed highly significant differences among the 45 F1 hybrids for bacterial wilt 

incidence in the sick plot at Kirinyaga site (P≤0.05) (Table 4.7). Bacterial wilt incidence for the 

45 F1 hybrids ranged from an average of 7% to 92% during the long rain season and from 12% 

to 96% during the short rain season. The F1 hybrids from crosses between genotypes 
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AVTO1429, AVTO1424, AVTO1314 and other genotypes recorded significantly lower 

disease incidence compared to the F1 hybrids from other crosses in both seasons. The F1 hybrids 

from the cross between AVTO1429 x AVTO1314 recorded the lowest bacterial wilt incidence 

of 7% and 12% during the long and short rain seasons, respectively. This was followed by F1 

hybrids from crosses between AVTO1429 x Danny select and AVTO1314 x Valoria select that 

recorded 11% during the long rain season and 14% during the short rains (Table 4.7). The 

highest disease incidence of 92.04% and 96% was recorded in F1 hybrids from crosses between 

Valoria select x UC 82 during the long and short rain season, respectively. The results showed 

that the F1 hybrids from crosses with commercial tomato varieties; Rio Grande, Roma VF and 

Cal J VF as one of the parents, had significantly higher disease incidence compared to other 

genotypes at P≤0.05.  

4.4.5.2 Bacterial wilt severity 

The trend of results observed for bacterial wilt severity score for the ten genotypes was similar 

to the results observed for bacterial wilt incidence in the sick plot. There was no significant 

difference at (P≤0.05) for bacterial wilt severity score across the short and long rain seasons 

(Table 4.5).  The average bacterial wilt severity score recorded for the ten genotypes was 2.56 

and 2.70 during the long and the short rain seasons, respectively (Table 4.6). Similarly, the 

average disease severity score recorded during the long and the short rain seasons for the F1 

hybrids was 2.20 and 2.41, respectively (Table 4.7). The analysis of variance showed highly 

significant differences at (P≤0.01) for interactions between the two environments and the ten 

genotypes (Table 4.5).  

There were highly significant differences among the ten genotypes for the bacterial wilt 

severity index across the two seasons in Kirinyaga site at (P≤0.05) (Table 4.7). Bacterial wilt 

severity index for the ten genotypes varied from an average of 0.72 to 4.98 during the long rains 

and 0.94 to 4.83 during the short rain season. The lowest bacterial wilt disease severity index 

during the long and short rain seasons was recorded in genotypes AVTO1314 at 0.72 and 1.18, 

respectively followed by AVTO1424 at 0.75 and 1.03 and genotype ATVO1429 at 0.89 and 

0.94. The highest severity index of 4.98 and 4.83 was recorded in commercial tomato variety 

Roma VF during the long and short rain seasons, respectively followed by Cal J VF at 4.22 and 

4.22 and Eden select at 4.52 and 4.32.   

The results showed a high significant difference across the 45 F1 hybrids for the bacterial wilt 

severity score similar to the trends of results observed for the incidence in the sick plot at 

Kirinyaga site (P≤0.05) (Table 4.7). Bacterial wilt severity score for the 45 F1 hybrids ranged 

from an average of 0.32 recorded by F1 hybrid from the cross between AVTO1429 x 
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AVTO1314 to 4.60 recorded in cross UC82 x Valoria select during the long rain season. During 

the short rain season, severity index ranged from 0.41 recorded in F1 hybrid from the cross 

between AVTO1429 x AVTO1314 to 5.34 recorded in cross Eden select x Rio Grande. The F1 

hybrids from crosses between genotypes AVTO1429, AVTO1424, AVTO1314 and other 

genotypes recorded significantly lower disease severity compared to the F1 hybrids from other 

crosses. The F1 hybrids from the cross between AVTO1429 x AVTO1314 recorded the lowest 

bacterial wilt severity score of 0. 32 and 0.41 during the long and short rain seasons, 

respectively. The results showed that the F1 hybrids from crosses with commercial tomato 

varieties; Rio Grande, Roma VF and Cal J VF as one of the parents, recorded significantly 

higher disease severity compared to the other genotypes at P≤0.05. All the F1 hybrids from 

crosses involving genotypes AVTO1424, AVTO1429 and AVTO1314 that had the gene for 

resistance as one of the parents, recorded significantly lower bacterial wilt severity index of 

less than 2.  

 

 

Figure 4. 16: Ten tomato genotypes transplanted in bacterial wilt sick plot at a farmer’s field 

in Kanyeki-ini sub-location, Kirinyaga County, 2ndMay 2017 
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Figure 4. 17: Wilting in Rio Grande tomato variety 60 days after transplanting in bacterial wilt 

sick plot at a farmer’s field in Kanyeki-ini sub-location, Kirinyaga County, 18th May 2017 
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Table 4. 7: Reaction of 45 F1 hybrids to bacterial wilt at Kirinyaga field and Kabete greenhouse, evaluated in 2017 
 

Parents  

Bacterial wilt incidence (%)  Bacterial wilt severity score  

Sick plot 

LR2017 

Sick plot 

SR2017 

Greenhouse 

2017 

Mean  Sick plot 

LR2017 

Sick plot 

SR2017 

Greenhouse 

2017 

Mean Observation 

Eden select x Roma VF 73 78 77 76  3.66 4.55 3.87 4.03 Susceptible 

Eden select x AVTO1429 16 19 24 20  0.80 1.69 1.22 1.24 Resistance 

Eden select x Cal JVF 81 84 94 86  4.19 5.08 4.72 4.66 Susceptible 

Eden select x AVTO1424 57 59 67 61  2.85 3.74 3.33 3.31 Weak resistance 

Eden select x Danny select 65 67 91 74  3.24 4.13 4.55 3.97 Susceptible 

Eden select x AVTO1314 24 29 32 28  1.20 2.09 1.62 1.64 Moderate resistance 

Eden select x UC82 84 87 94 88  4.19 5.08 4.72 4.66 Susceptible 

Eden select x Valoria select 50 52 82 61  2.48 3.37 4.08 3.31 Weak resistance 

Eden select x Rio Grande 89 90 90 90  4.45 5.34 4.52 4.77 Susceptible 

Roma VF x AVTO1429 26 31 28 29  1.32 1.55 1.42 1.43 Resistance 

Roma VF x Cal JVF 74 79 92 82  3.72 3.95 4.62 4.10 Susceptible 

Roma VF x AVTO1424 13 15 19 16  0.66 0.89 0.95 0.83 Resistance 

Roma VF x Danny select 60 63 92 71  2.99 3.27 4.58 3.61 Susceptible 

Roma VF x AVTO1314 21 22 39 27  1.07 1.38 1.93 1.46 Resistance 

Roma VF x UC82 75 75 82 77  3.74 4.04 4.08 3.95 Susceptible 

Roma VF x Valoria select 29 33 46 36  1.46 1.73 2.28 1.83 Moderate resistance 
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Roma VF x Rio Grande 77 82 87 82  3.83 4.10 4.37 4.10 Susceptible 

AVTO1429 x Cal JVF 25 27 32 28  1.23 0.98 1.62 1.28 Resistance 

AVTO1429 x AVTO1424 31 33 20 28  1.57 1.52 1.00 1.36 Resistance 

AVTO1429 x Danny select 11 14 11 12  0.55 0.64 0.18 0.46 Highly resistance 

AVTO1429 x AVTO1314 7 12 3 7  0.32 0.41 0.03 0.26 Highly resistance 

AVTO1429 x UC82 24 24 37 28  1.19 1.26 1.87 1.44 Resistance 

AVTO1429 x Valoria select 14 17 17 16  0.73 0.80 0.45 0.66 Resistance 

AVTO1429 x Rio Grande 47 49 75 57  2.33 2.40 3.75 2.83 Weak resistance 

Cal JVF x AVTO1424 42 41 31 38  2.12 2.19 0.98 1.77 Moderate resistance 

Cal JVF x Danny select 69 74 69 71  3.46 3.53 2.57 3.18 Weak resistance 

Cal JVF x AVTO1314 37 42 28 36  1.86 0.86 0.98 1.23 Resistance 

Cal JVF x UC82 81 86 77 81  4.03 3.03 3.85 3.64 Susceptible 

Cal JVF x Valoria select 77 79 75 77  3.85 3.11 3.77 3.58 Susceptible 

Cal JVF x Rio Grande 73 75 93 80  3.65 3.04 4.65 3.78 Susceptible 

AVTO1424 x Danny select 30 35 20 28  1.49 1.34 0.82 1.21 Resistance 

AVTO1424 x AVTO1314 17 22 8 16  0.83 0.63 0.33 0.60 Resistance 

AVTO1424 x UC82 22 27 14 21  1.10 0.98 0.42 0.83 Resistance 

AVTO1424 x Valoria select 20 25 10 18  0.94 0.98 0.12 0.68 Resistance 

AVTO1424 x Rio Grande 12 17 11 13  0.60 0.64 0.55 0.60 Resistance 
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Danny select x AVTO1314 17 22 9 16  0.86 1.09 0.47 0.81 Resistance 

Danny select x UC82 33 38 69 47  1.67 1.90 3.45 2.34 Moderate resistance 

Danny x Valoria select 68 69 68 68  3.39 3.52 3.38 3.43 Weak resistance 

Danny select x Rio Grande 27 28 48 34  1.33 1.26 2.38 1.66 Moderate resistance 

AVTO1314 x UC82 13 15 16 15  0.63 0.56 0.63 0.61 Resistance 

AVTO1314 x Valoria select 11 18 13 14  0.57 0.65 0.47 0.56 Resistance 

AVTO1314 x Rio Grande 25 30 10 22  1.28 1.96 0.42 1.22 Resistance 

UC82 x Valoria select 92 92 86 90  4.60 5.28 4.32 4.73 Susceptible 

UC82 x Rio Grande 89 91 89 90  4.44 4.82 4.47 4.58 Susceptible 

Valoria select x Rio Grande 55 60 68 61  2.75 2.97 3.40 3.04 Weak resistance 

Grand mean 44 46 50 47  2.20 2.31 2.41 2.31  

CV (%)    11.59     0.63  

LSD (5%)    20.79     1.08  

 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. Environments were Kirinyaga bacterial wilt sick plot LR2017 (long 

rain season) and SR2017 (Short Rain season) 2017, and at Kabete bacterial wilt inoculation in the greenhouse 2017. 
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4.4.5.3 Heterosis for resistance to bacterial wilt disease in the field 

Heterosis for resistance to bacterial wilt was observed in some F1 hybrids. This was indicated 

by some of the F1 hybrids recording significantly lower bacterial wilt incidence and severity 

by more than 50% as compared to their better parents.  

Heterosis for bacterial wilt incidence ranged from -50% to 280% during the long rain season 

and from -37% to 181% during the short rain season (Table 4.8). During the long rain season, 

29% of the F1 hybrids showed a negative heterosis for bacterial wilt incidence and 31% during 

the short rain season. This showed that these F1 hybrids recorded a significantly lower disease 

incidence as compared to the better parent. The F1 hybrid from cross AVTO1429 x AVTO131 

had significantly lower bacterial wilt incidence of 7% compared to the better parent 

AVTO1314 that had 14%. Therefore, the cross recorded the lowest percentage heterosis of -

50% and -37% during the long and short rain seasons, respectively. This was followed by the 

F1hybrid from cross between Roma VF x Valoria select that recorded -41% heterosis during 

the long rain season and -35% during the short rain season. However, some F1hybrids recorded 

significantly higher disease incidence as compared to the better parents in both seasons. This 

was observed in F1 hybrid from cross Eden select x AVTO1424 that recorded significantly high 

heterosis of 280% during long rains and 181% during short rains. This was followed by cross 

Cal JVF x AVTO1424 that recorded 180% and 158% during the long and short rain season, 

respectively. 

Similarly, heterosis for bacterial wilt severity score ranged from -56% to 280% during the long 

rain season and from -56% to 263% during the short rain season (Table 4.8). During the long 

rain season, 29% of the F1 hybrids showed a negative heterosis for severity and 33% during 

the short rain season. This showed that these F1 hybrids recorded a significantly lower disease 

severity score as compared to the better parent. The F1 hybrid from cross AVTO1429 x 

AVTO131 had significantly lower severity score of 0.32 compared to the better parent 

AVTO1314 that had 0.72. Therefore, the cross recorded the lowest percentage heterosis of -

56% during both seasons. This was followed by the F1hybrid from cross Roma VF x Valoria 

select that recorded -41% heterosis during the long rain season and -32% during the short rain 

season. Cross AVTO1314 x UC82 also recorded a lower heterosis of -53% during the short 

rain season. However, some F1hybrids recorded significantly higher disease severity score as 

compared to the better parents in both seasons. This was observed in F1 hybrid from cross Eden 

select x AVTO1424 that recorded significantly high heterosis of 280% during long rains and 

263% during short rains. This was followed by cross Cal JVF x AVTO1424 that recorded 183% 
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during the long rains and AVTO1429 x Rio Grande that recorded 158% during the short rain 

season. 

4.4.6 Interactions between the two screening conditions (greenhouse and field) for the 

parents and the hybrids 

The analysis of variance showed that there was high significant difference for bacterial wilt 

incidence between the ten genotypes in the sick plot at Kirinyaga as compared to the 

greenhouse site at Kabete (P≤0.01) (Table 4.5). The mean bacterial wilt incidence for the ten 

genotypes was significantly lower in the greenhouse at 40.31% as compared to the long rain 

season at 51.15% and short rain season at 54% at Kirinyaga sick plot. The analysis of variance 

showed highly significant differences at (P≤0.001) for interactions between the three 

environments and the ten genotypes. (Table 4.5).  The average bacterial wilt incidence recorded 

across the three environments ranged from 11.87% for the highly resistant genotype 

AVTO1424 to 89.87% for most susceptible variety Roma VF (Table 4.6). 

The analysis of variance showed that there was no significant difference for bacterial wilt 

incidence between the 45F1 hybrids in the sick plot at Kirinyaga and greenhouse site at Kabete 

(P≤0.01) (Table 4.5). The mean bacterial wilt incidence for the 45F1 hybrids was 50% in the 

greenhouse, 44% during the long rain season and 46% during the short rain season at Kirinyaga 

sick plot. The analysis of variance showed highly significant differences at (P≤0.001) for 

interactions between the three environments and the ten genotypes. (Table 4.5).  The average 

bacterial wilt incidence recorded in the 45 F1 hybrids across the three environments ranged 

from 7% for cross AVTO1429 x AVTO1314 to 90% for cross Eden select x Rio Grande (Table 

4.7). Same tend of results was observed for bacterial wilt severity index in the ten genotypes 

and the 45 F1 hybrids. 

The results showed that there was high significant difference for heterosis in the sick plot at 

Kirinyaga as compared to the greenhouse site at Kabete (P≤0.01) (Table 4.8). The greenhouse 

results showed a significantly high percentage heterosis of an average of more than 174% for 

bacterial wilt incidence and 184% for severity score compared to the field results. However, 

the short rain season recorded a lower percentage heterosis of an average of 37% and 35% for 

bacterial wilt incidence and severity score, respectively compared to the long rain season that 

showed an average of 51% and 49% for the same. Therefore, the expression of bacterial wilt 

resistance trait was better during the short rain season compared to the long rain season and at 

the field as compared to the greenhouse. 
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Table 4. 8: Heterosis for bacterial wilt resistant trait at Kirinyaga (long and short rains) 

and Kabete greenhouse, 2017 

 

 

Parents 

 

Bacterial wilt incidence (%) 

   

Bacterial wilt severity score 

Sick plot 

LR2017 

Sick plot 

SR2017 

Greenhouse 

2017 

 
Sick plot 

LR2017 

Sick plot 

SR2017 

Greenhouse 

inoculation 

Eden select x Roma VF -19 -9 12 
 

-19 5 13 

Eden select x AVTO1429 -11 0 ∞ 
 

-10 80 ∞ 

Eden select x Cal JVF -4 0 36 
 

-5 17 35 

Eden select x AVTO1424 280 181 ∞ 
 

280 263 ∞ 

Eden select x Danny select 110 97 237 
 

106 140 237 

Eden select x AVTO1314 71 26 967 
 

67 77 1057 

Eden select x UC82 110 85 54 
 

107 115 54 

Eden select x Valoria select 2 2 122 
 

0.4 32 123 

Eden select x Rio Grande 29 17 43 
 

30 38 43 

Roma VF x AVTO1429 44 63 ∞ 
 

48 65 ∞ 

Roma VF x Cal JVF -12 -6 31 
 

-12 -6 34 

Roma VF x AVTO1424 -13 -29 ∞ 
 

-9 -14 ∞ 

Roma VF x Danny select 94 85 241 
 

90 90 239 

Roma VF x AVTO1314 50 -4 12 
 

49 17 1278 

Roma VF x UC82 88 64 34 
 

85 71 33 

Roma VF x Valoria select -41 -35 24 
 

-41 -32 25 

Roma VF x Rio Grande 12 6 38 
 

12 6 39 

AVTO1429 x Cal JVF 39 42 ∞ 
 

38 4 ∞ 

AVTO1429 x AVTO1424 107 74 ∞ 
 

109 62 ∞ 

AVTO1429 x Danny select -38 -26 ∞ 
 

-38 -32 ∞ 

AVTO1429 x AVTO1314 -50 -37 ∞ 
 

-56 -56 ∞ 

AVTO1429 x UC82 33 26 ∞ 
 

34 34 ∞ 

AVTO1429 x Valoria select -22 -11 ∞ 
 

-18 -15 ∞ 

AVTO1429 x Rio Grande 161 158 ∞ 
 

162 155 ∞ 
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Cal JVF x AVTO1424 180 95 ∞ 
 

183 113 ∞ 

Cal JVF x Danny select 123 118 156 
 

120 105 90 

Cal JVF x AVTO1314 164 83 833 
 

158 -27 6 

Cal JVF x UC82 103 83 26 
 

100 28 25 

Cal JVF x Valoria select 57 55 103 
 

56 22 106 

Cal JVF x Rio Grande 5 -3 48 
 

6 -22 48 

AVTO1424 x Danny select 100 67 ∞ 
 

99 30 ∞ 

AVTO1424 x AVTO1314 21 5 ∞ 
 

15 -39 ∞ 

AVTO1424 x UC82 47 29 ∞ 
 

47 -5 ∞ 

AVTO1424 x Valoria select 33 19 ∞ 
 

25 -5 ∞ 

AVTO1424 x Rio Grande -20 -19 ∞ 
 

-20 -38 ∞ 

Danny select x AVTO1314 21 -4 200 
 

19 -8 236 

Danny select x UC82 6 118 156 
 

6 10 156 

Danny x Valoria select 119 103 152 
 

116 105 150 

Danny select x Rio Grande -13 -18 78 
 

-15 -27 76 

AVTO1314 x UC82 -7 -35 433 
 

-13 -55 350 

AVTO1314 x Valoria select -21 -30 333 
 

-21 -36 236 

AVTO1314 x Rio Grande 79 30 233 
 

78 66 200 

UC82 x Valoria select 130 96 132 
 

128 124 136 

UC82 x Rio Grande 123 94 46 
 

120 104 46 

Valoria select x Rio Grande 12 18 84 
 

11 16 86 

Grand mean 51 37 174 
 

49 35 184 

∞: Means an infinite value, Environments were Kirinyaga bacterial wilt sick plot LR2017 (long rain 

season) and SR2017 (Short Rain season) 2017, and at Kabete bacterial wilt inoculation in the 

greenhouse 2017. 

4.4.7 General combining ability effects of 10 tomato parental genotypes for resistance to 

bacterial wilt trait 

Results showed that there was significant difference between the 10 parental genotypes for the 

general combining ability (GCA) effects of bacterial wilt resistance trait at P≤0.05 (Table 4.9). 

However, there was no significant difference across the three environments for the general 

combining ability effects at P≤0.05. The GCA effects for bacterial wilt incidence varied from 

-26.85 to 20.28 during both the long and the short rain season (Table 4.10). The highest GCA 
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effects were recorded by parental genotype Cal J at 20.28 followed by Eden select at 17.49 

(Table 4.10). The lowest GCA effects of -26.85, -24.94 and -18.95 were recorded in parental 

genotype AVTO1314, AVTO1429 and AVTO1424, respectively. Similarly, the GCA effects 

for bacterial wilt incidence ranged from -36.23 to 25.36 in the greenhouse. The highest GCA 

effects were recorded in parental genotype Eden select at 25.36 followed by Cal J at 17.82. The 

lowest GCA effects of -36.23, -31.23 and -24.98 were recorded in the parental genotype 

AVTO1314, AVTO1429 and AVTO1424, respectively. 

The GCA for bacterial wilt severity score ranged from -1.40 to 1.02 during the long rain and -

1.47 to 1.65 during the short rain season (Table 4.10). Eden select recorded the highest GCA 

effects of 0.89 and 1.65 during the long rain and short rain season, respectively followed by 

Cal J at 1.02 and 0.52. The lowest GCA effects were recorded in parental genotype AVTO1314 

at -1.40 during the long rain and -1.47 during the short rain followed by AVTO1429 at -1.22 

and -1.31 during the long and short rain season, respectively. Similarly, the GCA effects for 

bacterial wilt severity score ranged from -1.80 to 1.36 in the greenhouse. The highest GCA 

effects were recorded in parental genotype Eden select at 1.36 followed by Cal J at 0.81. The 

lowest GCA effects of -1.80, -1.65 and -1.27 were recorded in genotypes AVTO1314, 

AVTO1424 and AVTO1429, respectively. 

Table 4. 9: Mean squares of GCA effects and SCA effects of 10 tomato parental lines grown in 

three environments in Kenya, 2017. 

Source Df Sum Sq Mean Sq F value Pr (>F) 

REP 2 31.84098 15.92049** 25.50392 8.48E-10 

Cross 54 333.7531 6.180614** 9.901068 1.06E-23 

  GCA 9 248.1061 27.56734* 44.16166 0 

  SCA 45 85.64703 1.903267** 3.04895 1.25E-06 

Residual 108 67.4176 0.624237     

*, ** Significant at 5 and 1 percent probability levels, respectively. 
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Table 4. 10: General combining ability effects of 10 tomato parental genotype for 

resistance to bacterial wilt trait in three environments, 2017 
 Bacterial wilt incidence (%)  Bacterial wilt severity score 

Parents Sick plot 

LR2017 

Sick plot 

SR2017 

Greenhouse 

2017 

 Sick plot 

LR2017 

Sick plot 

SR2017 

Greenhouse 

2017 

Eden select 17.49 17.49 25.36  0.89 1.65 1.36 

Roma VF 6.67 6.67 14.11 
 

0.33 0.47 0.80 

AVTO1429 -24.94 -24.94 -24.98 
 

-1.22 -1.31 -1.27 

Cal J VF 20.28 20.28 17.82 
 

1.02 0.52 0.81 

AVTO1424 -18.95 -18.95 -31.23 
 

-0.96 -1.10 -1.65 

Danny select -1.82 -1.82 3.36 
 

-0.11 -0.13 0.08 

AVTO1314 -26.85 -26.85 -36.23 
 

-1.40 -1.47 -1.80 

UC82 13.68 13.68 14.48 
 

0.72 0.65 0.76 

Valoria select 2.21 2.21 1.94 
 

0.12 0.10 0.07 

Rio Grande 12.22 12.22 15.38 
 

0.61 0.60 0.85 

Grand mean 0.00 0.00 0.00 
 

0.00 0.00 0.00 

Environments were Kirinyaga bacterial wilt sick plot LR2017 (long rain season) and SR2017 (Short 

Rain season) 2017, and at Kabete bacterial wilt inoculation in the greenhouse 2017. 

4.4.8 Specific combing ability effects for bacterial wilt resistance trait in the greenhouse 

and field 

There was significant difference between the 45 F1 hybrids for the specific combining ability 

effects (SCA) of bacterial wilt resistance trait at P≤0.01 (Table 4.9). However, there was no 

significant difference across the three environments for the specific combining ability effects 

at P≤0.05.  

4.4.8.1 Specific combing ability effects for bacterial wilt resistance trait in the greenhouse 

The SCA effects for bacterial wilt incidence in the greenhouse ranged from -25.95 to 34.71 

(Table 4.11). The highest SCA effects for bacterial wilt incidence were recorded in cross 

AVTO1429 x Rio Grande at 34.71 followed by AVTO1429 x AVTO1424 at 26.30 and 

AVTO1424 x AVTO1314 at 25.88. The lowest SCA of -25.95, -23.04 and -20.95 was recorded 

in cross Eden select x AVTO1429, followed by AVTO1424 x Rio Grande and Danny select x 

Rio Grande, respectively. Similarly, the SCA for bacterial wilt severity score in the greenhouse 

ranged from -1.28 to 1.76 (Table 4.11). The highest SCA effects for bacterial wilt severity 

score were recorded in the cross between AVTO1429 x Rio Grande at 1.76 followed by 
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AVTO1429 x AVTO1424 at 1.51 and AVTO1424 x AVTO1314 at 1.37. The lowest SCA 

effects were recorded in cross Eden select x AVTO1429, followed by AVTO1424 x UC82 and 

AVTO1424 x Rio Grande at -1.28, -1.11 and -1.06, respectively. 

4.4.8.2 Specific combing ability for bacterial wilt resistance trait in the field 

The SCA effects for bacterial wilt incidence ranged from -27.49 to 31.11 during the long rain 

season and from -29.26 to 29.37 during the short rain season (Table 4.11). During the long rain 

season, the highest SCA effects for bacterial wilt incidence were recorded in cross UC82 x 

Valoria select at 31.11 followed by AVTO1429 x AVTO1424 at 30.87 and Danny select x 

Valoria at 23.28. The lowest SCA was recorded in Danny select x Rio Grande at -27.49 

followed by AVTO1424 x Rio Grande at -25.09. During the short rain season, the highest SCA 

effects for bacterial wilt incidence was recorded in AVTO1429 x AVTO1424 at 29.37 followed 

by UC82 x Valoria select at 29.18 and Danny select x Valoria at 21.08. The lowest SCA effects 

for bacterial wilt incidence was recorded in cross Danny select x Rio Grande at -29.26 followed 

by AVTO1424 x Rio Grande at -23.42, similar to results observed during the long rain season.  

Similar trend of results was observed for the specific combining ability effects for bacterial 

wilt severity score. The SCA effects for bacterial wilt severity score ranged from -1.89 to 1.56 

during the long rain season and from -1.63 to 2.11 during the short rain season (Table 4.11). 

During the long rain season, the highest SCA effects for bacterial wilt severity score was 

recorded in cross UC82 x Valoria select at 1.56 followed by AVTO1429 x AVTO1424 at 1.55 

and Danny select x Valoria at 1.17. The lowest SCA was recorded in cross Roma VF x Valoria 

select at -1.89 followed by Danny select x Rio Grande at -1.38 and AVTO1424 x Rio Grande 

at -1.25. During the short rain season, the highest SCA effects for bacterial wilt severity score 

was recorded in the cross UC82 x Valoria select followed by AVTO1429 x AVTO1424 and 

UC82 x Rio Grande at 2.11, 1.52 and 1.15, respectively. The lowest SCA effects for bacterial 

wilt severity score was recorded in cross Danny select x Rio Grande at -1.63 followed by 

AVTO1424 x Rio Grande at -1.28. 
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Table 4. 11: Specific combining ability effects for bacterial wilt resistance trait at 

Kirinyaga long and short rain seasons and Kabete greenhouse, 2017 

 Bacterial wilt incidence (%)  Bacterial wilt severity score 

Parents Sick plot 

LR2017 

Sick plot 

SR2017 

Greenho

use 2017 

 Sick plot 

LR2017 

Sick plot 

SR2017 

Greenhouse 

inoculation 

Eden select x Roma VF 4.81 6.79 -12.04  0.24 0.01 -0.71 

Eden select x AVTO1429 -21.38 -20.75 -25.95 
 

-1.07 -1.07 -1.28 

Eden select x CAL JVF -1.51 -1.08 1.25 
 

-0.08 0.34 0.14 

Eden select x AVTO1424 14.29 12.94 22.63 
 

0.72 0.78 1.21 

Eden select x Danny select 5.20 4.35 12.05 
 

0.26 0.20 0.68 

Eden select x AVTO1314 -9.61 -8.76 -6.70 
 

-0.49 -0.50 -0.36 

Eden select x UC82 7.56 8.64 4.59 
 

0.38 0.36 0.18 

Eden select x Valoria select -14.60 -15.23 4.46 
 

-0.73 -0.79 0.24 

Eden select x Rio Grande 15.25 13.10 -0.29 
 

0.76 0.68 -0.11 

Roma VF x AVTO1429 0.28 2.08 -10.70 
 

0.01 -0.02 -0.52 

Roma VF x Cal JVF 3.49 5.30 3.17 
 

0.17 0.55 0.60 

Roma VF x AVTO1424 -18.49 -19.42 -13.79 
 

-0.92 -0.90 -0.61 

Roma VF x Danny select 11.31 10.51 24.30 
 

0.57 0.52 1.29 

Roma VF x AVTO1314 -1.28 -4.90 10.88 
 

-0.07 -0.04 0.52 

Roma VF x UC82 9.78 7.46 3.17 
 

0.49 0.50 0.11 

Roma VF x Valoria select -23.86 -23.41 -20.29 
 

-1.19 -1.25 -1.00 

Roma VF x Rio Grande 13.95 15.59 7.96 
 

0.70 0.62 0.31 

AVTO1429 x Cal JVF -15.31 -15.87 -10.41 
 

-0.77 -0.64 -0.33 

AVTO1429 x AVTO1424 30.87 29.37 26.30 
 

1.55 1.52 1.51 

AVTO1429 x Danny select -6.48 -6.44 -16.95 
 

-0.32 -0.34 -1.04 

AVTO1429 x AVTO1314 15.00 16.15 14.63 
 

0.74 0.78 0.69 

AVTO1429 x UC82 -10.31 -12.27 -2.08 
 

-0.52 -0.51 -0.03 

AVTO1429 x Valoria select -7.65 -7.13 -9.54 
 

-0.38 -0.41 -0.76 

AVTO1429 x Rio Grande 14.97 14.86 34.71 
 

0.75 0.69 1.76 

Cal JVF x AVTO1424 -2.93 -7.52 -5.83 
 

-0.14 0.36 -0.58 
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Cal JVF x Danny select 6.87 8.46 -2.41 
 

0.34 0.73 -0.73 

Cal JVF x AVTO1314 0.91 1.60 -3.50 
 

0.04 -0.38 -0.02 

Cal JVF x UC82 1.78 4.40 -5.20 
 

0.09 -0.55 -0.13 

Cal JVF x Valoria select 10.18 9.09 5.67 
 

0.51 0.08 0.48 

Cal JVF x Rio Grande -3.49 -4.39 9.92 
 

-0.18 -0.49 0.58 

AVTO1424 x Danny select 6.82 8.32 -2.04 
 

0.35 0.15 -0.03 

AVTO1424 x AVTO1314 19.61 20.21 25.88 
 

0.98 0.78 1.37 

AVTO1424 x UC82 -17.45 -14.92 -19.16 
 

-0.86 -0.99 -1.11 

AVTO1424 x Valoria select -7.64 -5.56 -10.95 
 

-0.42 -0.43 -0.71 

AVTO1424 x Rio Grande -25.09 -23.42 -23.04 
 

-1.25 -1.28 -1.06 

Danny select x AVTO1314 3.37 3.70 -7.70 
 

0.16 0.28 -0.23 

Danny select x UC82 -22.99 -20.72 1.25 
 

-1.15 -1.04 0.19 

Danny select x Valoria select 23.38 21.08 12.46 
 

1.17 1.13 0.82 

Danny select x Rio Grande -27.49 -29.26 -20.95 
 

-1.38 -1.63 -0.96 

AVTO1314 x UC82 -17.83 -19.24 -12.16 
 

-0.89 -1.03 -0.74 

AVTO1314 x Valoria select -7.32 -6.41 -2.62 
 

-0.35 -0.30 -0.21 

AVTO1314 x Rio Grande -2.85 -2.34 -18.70 
 

-0.13 0.41 -1.04 

UC82 x Valoria select 31.11 29.18 20.00 
 

1.56 2.11 1.07 

UC82 x Rio Grande 18.36 17.47 9.59 
 

0.91 1.15 0.44 

Valoria select x Rio Grande -3.61 -1.62 0.80 
 

-0.18 -0.15 0.07 

Environments were Kirinyaga bacterial wilt sick plot LR2017 (long rain season) and SR2017 (Short 

Rain season) 2017, and at Kabete bacterial wilt inoculation in the greenhouse 2017. 

4.4.9 The areas under disease progress curve (AUDPCs) for the 10 parental genotypes 

The areas under disease progress curve (AUDPCs) for the 10 parental genotypes was calculated 

numerically using the trapezium rule and the mean areas were illustrated as shown in table 

4.12. The results in the table were represented using bar graphs. This was because where 

resistance is expressed quantitatively, the estimation technique for AUDPC, based on as few 

as two or one assessments provides as much information as the repeated sequential assessments 

(Jeger and Viljanen-Rollinson, 2001). The period of one month, over which disease was present 

in tomato crop was the same for each of the ten genotypes. The highest area under disease 

progress curve of 39 was recorded in Roma VF variety followed by Eden select at 35.5 and Cal 
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J VF at 34. The lowest AUDPC was recorded in genotypes AVTO142 and AVTO1314 that 

recorded AUDPC of 8 followed by AVTO1429 that recorded 9. 

Table 4.12: Mean areas under disease progress curve for 10 parental genotypes in 

Kirinyaga bacterial wilt sick plot 2017 

Bacterial wilt AUDPC Kirinyaga field 

Genotype Mean AUDPC 

Eden select 35.5 

Roma VF 39 

AVTO1429 9 

Cal JVF 34 

AVTO1424 8 

Danny select 15 

AVTO1314 8 

UC82 19.5 

Valoria select 21 

Rio Grande 28 

 

 

 

Figure 4. 18: Areas under disease progress curve for the ten genotypes in sick plot at Kirinyaga 

County, 2017 

 

4.5 Correlation analysis 

The results showed that the correlation of bacterial wilt incidence and bacterial wilt severity 

score, with r value of 1** for the genotypes was significantly correlated at (P≤0.01) as shown 

in Appendix 1. Fruit shape index was negatively and significantly at (P≤0.01) correlated to 
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bacterial wilt severity (r =-0.635**) and incidence (r =-0.636**). Similarly, the chlorophyl 

content of tomato leaves was negatively and significantly correlated to bacterial wilt severity 

(r =-0.565**) and incidence (r =-0.566**). Results showed a weak significantly positive 

correlation of bacterial wilt incidence and severity and fruit yield (r =0.355**). Days to 

flowering, maturity, leaf length, width, number of fruits per truss, stem girth, plant height, 

number of trusses, fruit diameter and length had no significant correlation to bacterial wilt 

incidence and severity. 

4.6 Discussion 

Status of the sick plot with reference to bacterial wilt infection at Kirinyaga County 

Bacterial wilt sick plot at farmer’s field in Kirinyaga County was confirmed to have bacterial 

wilt causing pathogen known as R. solanacearum. The pathogen population in the infected soil 

was estimated as 1.8 x 1015cfu g-1 soil. The high percentage of wilted plants that ≥ 90% 

indicated that the location had a high bacterial wilt severity index. Similar findings have been 

reported by Jitendra et al. (2004), that a site with location severity index of over 76 % was ideal 

for R. solanacearum evaluation. Bacterial wilt symptoms observed Roma VF variety included 

lower leaves turning pale yellow, loss of leaf turgidity followed by drooping of leaves and 

wilting of plants. Similar finding of bacterial wilt symptoms that included leaves turning 

yellow, shrivelled, drooping and wilted tomato plants have been reported by Champoiseau and 

Momol, (2008) and Tinatin and Saykal, (2016). Observation of milky white bacterial exudate 

and brown discoloration on the vascular bundle was a confirmation that wilting was due to 

bacteria and not nematodes, fusarium, or verticillium. These finding are in line with those 

reported by Seleim et al. (2011) and Garcia et al., (2019) that bacterial wilt is characterized by 

brown discoloration and white bacterial ooze visible as white stands of bacterial cells in clear 

water during bacterial streaming.  

Isolation of R. solanacearum on Kelman’s TZC selective media from diseased tomato plants 

of Roma VF variety in the sick plot revealed round, white, fluidal colonies measuring 8.0mm 

with irregular margins and pinkish red centre. Similar findings of virulent R. solanacearum 

colonies appearing as large, elevated, fluidal, and white with pale red to pink centre have been 

reported by Khasabuli et al., (2017).  Triphenyl Tetrazolium Chloride (TZC) medium is used 

to distinguish R. solanacearum from other bacteria during isolation (Fajinmi and Fajinmi, 

2010). Moreover, the media shows the virulent colonies that are fluidal with a pink centre and 

avirulent mutant colonies that are butyrous, deep red with bluish border (Khasabuli et al., 

2017).  
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Reaction of 45 F1 hybrids and their parents to bacterial wilt disease in the greenhouse 

and the field 

The greenhouse results showed that the ten parental genotypes had highly significant 

differences in bacterial wilt incidence at (P≤0.05). These findings were validated in the field 

trials which revealed highly significant differences for the disease incidence at Kirinyaga 

during the long and short rain seasons. In addition, there was high significant difference for 

interactions between the greenhouse, Kirinyaga short rain and long rain seasons at P≤0.05. The 

high bacterial wilt incidence of 89.87%, 79.60%, 69.61% and 49.65% was recorded in 

commercial varieties Roma VF, Cal J, Rio Grande and UC 82, respectively. Similarly, high 

bacterial wilt severity index was observed on the same varieties. The commercial varieties: 

Roma VF and Cal J VF showed significantly higher area under disease progress curve 

(AUDPC) of 39 and 34 respectively compared to genotypes AVTO1424 and AVTO1314 that 

had resistance to bacterial wilt gene and recorded AUDPC of 8. These results indicated that the 

commercial varieties had greater susceptibility to the bacterial wilt. 

Among the farmers selection lines, Eden select recorded the highest bacterial wilt severity 

score of 4.10 rating the genotype as the second most susceptible after Roma VF which recorded 

a score of 4.49.  The results showed a moderate resistance to bacterial wilt severity in farmer’s 

selection; Danny select and Valoria select with a score of 1.55 and 2.29, respectively. The 

parental genotypes sourced from World Vegetable Centre, had the highest level of bacterial 

wilt disease resistance. This was indicated by significantly lower bacterial wilt incidence and 

severity recorded in the genotypes. Genotype AVTO1314 recorded an incidence of 13.53% 

and severity of 0.68, AVTO1429 recorded 12.29% and severity score of 0.61 while AVTO1424 

was rated as the most resistant with an incidence of 11.87% and severity index of 0.59.  

After hybridization of the parental genotypes, significant differences were recorded from the 

F1 populations developed. F1 hybrids from crosses AVTO1429 x AVTO1314 recorded the 

lowest disease incidence of 4.94% and severity score of 0.18 followed by AVTO1429 x Danny 

selection with 11.17% incidence and 0.37 severity score. In addition, the lowest bacterial wilt 

incidence and severity was recorded in the F1 hybrids from crosses AVTO1314 x Valoria select 

at 12.07%, and 0.52, respectively followed by cross AVTO1424 x Valoria select at 14.78%, 

0.53 and cross AVTO1424 x AVTO1314 at 12.46% and 0.58 respectively. These results 

showed that the gene for resistance to bacterial wilt was compounded after crossing the parents 

with this trait. The results in this study indicated that there were additive gene effects in crosses 

between highly and medium resistant genotypes that resulted to development of F1 hybrids that 

are more resistant than the parents. This shows that the resistance to bacterial wilt is 
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compounded after crossing parents with QTL conferring resistance genes. These findings are 

comparable to those reported by Osiru et al. (2001) in their study of a cross between two 

bacterial wilts resistant and two susceptible cultivars in a half diallel at Kabanyolo, Uganda. 

They reported a that the general combining ability was found to be six times as large as specific 

combing ability indicating the predominance of additive gene effects in bacterial wilt 

resistance. Their findings on hybridization of parents that are good sources of resistance to 

bacterial wilt followed by selection in segregating population yields in bred progeny with 

resistance greater than that of the parents supports the results observed in the current study.  

Similar observations were reported by Opena et al., (1992) after reviewing work done by World 

Vegetable Centre, Taiwan in 1973 in initiating R. solanacearum research to understand 

population dynamic of bacterial wilt. They tested over 100 strains of R. solanacearum 

belonging to Race 1 using a seven parent diallel experiment. The results showed that the F1 

hybrids developed from parents with resistant to bacterial wilt genes had higher resistance than 

those from cross between susceptible x resistant genotypes. They further reported that 

resistance of the F1 hybrid in cross between susceptible x resistant was comparable to that of 

the resistant parent. This study by Opena et al., (1992) supports the findings of the current 

study. 

Crosses where highly resistant parental genotype and susceptible ones resulted in F1 hybrids 

with higher resistance than the parents were also observed in the present study. This was 

indicated by the F1 hybrids from crosses between susceptible Roma VF variety and resistant 

genotypes; AVTO1424, AVTO1429 and AVTO1314 which recorded significantly lower 

disease incidence of 16.07%, 27.41% and 29.98%, respectively compared to more than 96% 

incidence recorded in Roma VF. These findings are comparable to those reported by Sharma 

and Sharma, (2015) in an inheritance study on resistance to bacterial wilt in tomato from six 

generations of four crosses involving resistant and susceptible parents conducted at Hill 

Agriculture Research and Extension Centre, Himachal Pradesh. They reported that all the F1 

hybrids of the resistant x susceptible crosses, were resistant to bacterial wilt disease which 

suggested that resistant to the disease was dominant over susceptibility. This study supports 

the results in the present study. 
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Heterosis for bacterial wilt resistance trait in the greenhouse and field 

The lowest percentage heterosis of 12% for bacterial wilt incidence and 13% for severity score 

was observed in cross Eden select x Roma VF in the greenhouse. It was observed that the 

crosses involving genotype AVTO1429 and AVTO1424 as the better parent had no heterosis. 

This was observed because the better parent recorded no (0) disease incidence and severity. In 

the field, heterosis for bacterial wilt incidence and severity score ranged from -50% to 280% 

during the long rain season and from -37% to 181% during the short rain season. The F1 hybrid 

from the cross between AVTO1429 x AVTO131 recorded the lowest percentage heterosis of -

50% and -37% during long and short rain seasons, respectively. This negative heterosis 

indicated that the F1 hybrids had significantly lower bacterial wilt incidence and severity 

compared to the better parents. These findings agree with those of Singh and Asati, (2011) that 

maximum negative heterosis over the better parent for bacterial wilt incidence percent was 

shown by FEB-4 x BT-1 17-5-3-1 (-66.7%). Similar findings were also reported by 

Chattopdhyay et al. (2012) and Narayan et al. (2018) that negative heterosis for percentage 

bacterial wilt disease index was desirable. Majority of heterotic crosses involving poor x good 

combiners indicates the role of combining ability effects and genetic effects in realizing 

heterosis.  

Combining ability of 10 tomato parental genotypes to bacterial wilt resistance trait 

The GCA effects for bacterial wilt incidence ranged from -26.85 to 20.28 during both the long 

and the short rain season. The highest GCA effects were recorded by parental genotype Cal J 

at 20.28 followed by Eden select at 17.49. The lowest GCA effects of -26.85, -24.94 and -18.95 

were recorded in the parental genotypes AVTO1314, AVTO1429 and AVTO1424, 

respectively. The SCA effects for bacterial wilt incidence ranged from -27.49 to 31.11 during 

the long rain season and from -29.26 to 29.37 during the short rain season. During the long rain 

season, the highest SCA effects were recorded in the cross between UC82 x Valoria select at 

31.11 followed by AVTO1429 x AVTO1424 at 30.87 while the lowest SCA effects were 

recorded in cross between Danny select x Rio Grande at -27.49 followed by AVTO1424 x Rio 

Grande at -25.09. During the short rain season, the highest SCA effects of 29.38 were recorded 

in the cross between AVTO1429 x AVTO1424 while the lowest SCA effects of -29.26 were 

recorded in cross between Danny select x Rio Grande. Results showed similar trends of GCA 

and SCA effects for bacterial wilt severity score. These findings are comparable to those 

reported by Osiru et al. (2001) of a cross between two bacterial wilts resistant and two 

susceptible cultivars in a half diallel at Kabanyolo, Uganda. They reported that the general 

combining ability was found to be six times as large as specific combing ability indicating the 
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predominance of additive gene effects in bacterial wilt resistance. Similarly, Singh and Asati, 

(2011), Chattopadhyay et al. (2012) and Narayan et al. (2018) also reported findings that are 

comparable to the current study. In addition, they reported that crosses showing desirable 

specific, and good general combining ability could be utilized in breeding programs. The 

effectiveness of such programs is attributed by one parent being a good combiner and the other 

poor combiner. 

4.7 Conclusion 

The results showed that the parental lines: AVTO1424, AVTO1429, and AVTO1314 showed 

high levels of resistance to Ralstonia solanacearum. Genotypes UC 82, Cal J VF and Rio 

Grande were moderately susceptible, and Roma VF was highly susceptible to bacterial wilt 

infection. The farmers selection lines, Eden select recorded high bacterial wilt severity, rating 

the genotype as the second most susceptible after Roma VF. The results showed a moderate 

resistance to bacterial wilt in another farmer’s selection genotypes Danny select and Valoria 

select. Therefore, sources of trait for bacterial wilt resistance were verified and confirmed. 

Crosses involving genotype AVTO1429 and AVTO1424 as the better parent had no heterosis. 

F1 hybrid from the cross between AVTO1429 x AVTO131 recorded the lowest percentage 

heterosis. The highest GCA effects were recorded by parental genotype Cal J while the lowest 

GCA effects were recorded in the parental genotypes AVTO1314, AVTO1429 and 

AVTO1424. During the long rain season the highest SCA effects were recorded in the cross 

between UC82 x Valoria select followed by AVTO1429 x A VTO1424 while during the short 

rain the highest SCA effects were recorded in the cross between AVTO1429 x AVTO1424  

Therefore, hybridization of parents that are good sources of resistance to bacterial wilt such as 

parent AVTO1424, AVTO1429 and AVTO1314, followed by selection in segregating 

population such as AVTO1429 x Danny selection is important in developing in bred progeny 

with resistance greater than that of the parents.  
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CHAPTER 5 

Generation Mean Analysis of Fruit Yield, Agronomic Traits and Bacterial Wilt 

Resistance in Tomato 

5.0 Abstract 

The tomato production system in Kenya and other eastern and central Africa countries depends 

on introduced varieties due to lack of effective tomato improvement programs.  Important 

information on the inheritance of important agronomic traits and resistance to major diseases 

in local germplam, which is essential for design of a reliable breeding program, is lacking. The 

objective of this study was to determine inheritance of agronomic traits; growth habit, plant 

height, days to 50% flowering, inter truss spacing and number of trusses; fruit yield-related 

traits (weight of fruit, fruit shape, number of locules total soluble sugars and yield per plant) 

and resistance to bacterial wilt in local and introduced tomato lines. Six generations (P₁, P₂, 

F₁, F₂, BC₁P₁ and BC₁P₂) were developed at Kabete Field Station from each of four bi-parental 

crosses between five genetically diverse tomato parental lines (AVTO1429, Roma VF, 

AVTO1424, AVTO1314 and Valoria). The parental lines differed in agronomic traits and 

resistance to bacterial wilt. The six generations from each cross were evaluated at Kabete Field 

Station (University of Nairobi), Mwea Research Station (Kenya Agricultural and Livestock 

Research Organization), bacterial wilt infected farmer’s field in Kanyeki-ini (Kirinyaga 

County), and greenhouse at Kabete during the 2019 long rain season. Data on agronomic traits 

were subjected to analysis of variance and generation mean analysis at 5% significance level.  

Analysis of variance showed significant differences (P<0.05) for fruit diameter, fruit length, 

number of fruits per plant, total soluble sugars, and average fruit yield among the six 

generations in each cross. Results showed that the six generations performed better at Kabete 

site compared to Mwea site in all crosses. F₁ and F₂ generations in all the crosses across sites 

had significant yield increase per plant in comparison to parental genotypes. Cross Roma VF 

x AVTO1429 recorded the highest yield of 5.39kg for F1 and 5.59kg for F2 across sites. Cross 

Roma VF x AVTO1429 showed significance (P<0.01) of the 4 scales for the trait evaluated 

except yield. This implied that there was epistasis, therefore, necessitate further analysis on 

components of means using 6-parameters model since backcrosses were used. There was 

significant additive, dominance, additive x additive, dominance x dominance and additive x 

dominance effects for total soluble sugars and fruits per plant. There were significant 

dominance and additive x additive effects for fruit firmness and fruit width. Fruit length was 

due to additive x dominance interaction effects.   
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Generation mean analysis for bacterial wilt resistance showed that there was significant 

additive, dominance effects, additive x additive, additive x dominance and dominance x 

dominance interaction in all the crosses. The importance of gene effects for inheritance was in 

additive and dominance-additive portions in genetic traits expressions which implied that the 

agronomic traits were inherited. 

Keywords: Generation mean analysis, inheritance, additive and dominance-additive 

  

5.1 Introduction 

The demand for tomato with quality fruits and agronomic traits demanded by producers 

influences tomato production systems by Kenyan growers. The increase in demand for tomato 

from growers and consumers has elicited the need to improve the existing cultivars to mitigate 

the gaps (Agong et al., 2001 and Ochilo et al., 2019). Examples of existing tomato cultivars 

grown in Kenya are Rio Grande, Cal J, Roma VF, UC 82, Proster F1, Kentom F1, M-82 and 

Kilele F1, Danny select, Valoria select and Eden select (Monsanto, 2013). Tomato accounts for 

7 percent of the horticultural production, and 14 percent of the vegetables (Ochilo et al., 2019). 

Tomato is cultivated on 0.4 million hectares in Kenya producing 280, 000 tonnes annually with 

an average value of 151 million USD (FAOSTAT, 2017). As noted, from 2016 to 2018, there 

have been 30% decrease in tomato production against increasing demand of 300,000 tonnes by 

consumers in the local market (Mwangi et al., 2020). Besides, per capita tomato consumption 

has increased by 41.7% (KNBS, 2019). The decline in tomato productivity has led to an acute 

increase in tomato prices resulting in Kenya importing over 27, 000 tonnes from Ethiopia and 

Tanzania in 2017 and 2018 (Mwangi et al., 2020). 

Morphological and agronomic traits including leaf, floral, growth habit, crop yields and yield 

components provide valuable information for crop improvement programmes (Valls, 2007). 

These traits provide consumer satisfaction, quality raw materials for the processing industry 

and enhance the competitiveness of tomato crop in the horticultural sector (Huang et al., 2012). 

However, tomato technologies, innovations, and management practices (TIMPS) are scanty in 

Kenya and most African countries (KCSAP, 2019). Moreover, both private and public 

companies breeding programs in Kenya have only focused on cereals, root crops, beverage 

crops and pulses while neglecting tomato (Kenneth, 2016). The only tomato breeding program 

in the East African region is by World Vegetable Centre Regional Program (formerly Asian 

Vegetable Research and Development Centre, AVRDC) program based in Arusha, Tanzania 

(Fufa et al., 2009). Therefore, tomato varieties such as Cal J, Proster F1, Kentom F1, M-82, 
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Kilele F1 and Roma VF grown in Kenya are largely imported and expensive (Ochilo et al., 

2019).  Imported tomato seeds are associated with challenges such as unaffordable prices for 

small-scale growers and crops susceptible to biotic (diseases and pests such as bacterial wilt 

and Tuta absoluta) and abiotic factors (such as tolerance to heat stress) (KCSAP, 2019). 

Traits like increased yields and tolerance to pests and diseases in improved tomato varieties 

had attracted most Kenyan farmers in their production (Kenneth, 2016). Fruit yield heterosis 

of 20 to 50% in improved tomato cultivars especially hybrids significantly contribute to their 

higher yields as compared to the local varieties (Kumur et al., 2017), which make tomato 

farmers interested in growing F1 varieties. Besides high yielding in these hybrids, they exhibit 

early maturity, big fruit size of high quality, resistance to pests and diseases, higher growth 

vigour hence ability to escape abiotic stresses like drought (Goffar et al., 2016). Tomato 

varietal instability across Kenya agro-ecological zones had been an eminent challenge beside 

unavailability of seed of hybrid varieties to most farmers (Goffar et al., 2016). Hence, the 

rationale of demand-led breeding of locally adapted improved varieties especially hybrids with 

market preferred traits coupled with local seed production will ensure sustainable accessibility 

and affordability of these varieties than the imported hybrid varieties (Kathimba et al., 2021).  

Tomato improvement program requires a systematic and deliberate search for relevant 

morphological and genetic variability information on the available germplasm (Mwirigi et al., 

2009). In-depth knowledge of both genetic basis and breeding values of market demanded traits 

are paramount in tomato improvement (Valls, 2007). Together, the comprehensive information 

for tomato improvement program can be exploited in demand led breeding program. 

Information of mode of gene action and combining ability provides important information that 

helps breeders in designing an improved program that achieves short- and long-term breeding 

targets (Goffar et al., 2016). However, this information is lacking for locally available tomato 

germplam. 

Generation means analysis had been extensively employed to provide information on genetic 

variability (additive, dominance and their digenic interactions) involved in the expression of 

quantitative traits such as yield and yield components (Jasmina et al., 2011). For example, apart 

from yield, mode of inheritance patterns of numerous tomato traits such as days to flowering 

and maturity (Goffar et al., 2016), plant height (Tasisa et al., 2017), total soluble sugars (Akhtar 

et al., 2013) among others had been successively determined. The inheritance of tomato 

resistance to late blight (Phytophthora infestans) (Abreu et al., 2008) and bacterial wilt 

(Ralstonia solanacearum) resistance inheritance in tomato had been assessed through 
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generation mean analysis. In many crops, the model has also been used in determining 

quantitative traits such as yield inheritance pattern in cotton (Hussain et al., 2009), climbing 

beans (Checa et al, 2006) and runner beans (Mulanya et al, 2019).  

The current study aimed to determine the inheritance of bacterial wilt disease, the inheritance 

of growth and yield attributes of tomato genotypes and to identify the cross family with great 

potential for further breeding. 

5.2 Material and Methods 

5.2.1 Experimental sites 

Field experiments were conducted at Kabete Field Station, Mwea Research Station and 

Farmer’s field from 2018 to 2019. Kabete Field Station (01°15’S; 036°44’E) is in Kiambu 

County at an elevation of 1820m above sea level (ASL) which is agro-ecological zone (AEZ) 

III. It has a bimodal rainfall with 1059 mm per year distributed in two seasons: long rain (March 

to May) and short rains (October to December). Temperature ranges from 12.3 to 22.5°C and 

soils are humic nitisols that are deep and well-drained with a pH of about 5.0 to 5.4 (Lengai, 

2016). 

Mwea Research Station (0°41’1.42’’S; 037°21’21.93’’E) in Kirinyaga County is at an 

elevation of 1247m ASL which is AEZ II.  Bimodal rainfalls are experienced with a regime of 

973 mm annually having long rain from March to May and short rains from October to 

December. Temperature ranges between 15.6 to 28.6°C and soils are Niti-rhodic ferrasols with 

a pH of about 5.1 (Waiganjo et al., 2006). 

 The farmer’s field (0.5420° S, 37.2735° E) is in Kanyeki-ini Sub-location, Kirinyaga County 

which is AEZ II at an elevation of approximately 1570m ASL. It experiences a bimodal rainfall 

regime of 1470 mm annually distributed in two seasons: long rain (March to May) and short 

rains (October to December). Temperature ranges between 15.6 and 28.6°C with January and 

September being the hottest months (32°C) and June-July coldest months (12 °C).  The soils 

are humic nitisols with a pH of about 5 (KARI, 2013).  

5.2.2 Plant materials 

Five tomato genotypes were used to develop six generations (P1, P2, F1, F2 and backcrosses) 

of four bi-parental crosses. They included three breeding genotypes from the World Vegetable 

Centre (AVRDC) in Taiwan namely AVT01424, AVT01429 and AVT01314; commercial 

cultivar Roma VF sourced from Continental Seeds Company Limited, and one farmer preferred 

selection Valoria from Kirinyaga County.  

Roma VF is a pure-line variety with market demanded traits such as oval shape fruits, longer 

shelf life and marketable fruit firmness (Table 5.1). However, this cultivar is susceptible to 
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bacterial wilt disease that negatively affects its productivity largely in Central Kenya especially 

in Mwea, Kirinyaga County (Ali et al., 2015).  

The genotypes AVT01424, AVT01429 and AVT01314 have bacterial wilt resistance genes 

(AVRDC, 2017). AVTO1424 is a semi-determinate line resistant to bacterial wilt and TYLCD 

(Tomato yellow leaf curl disease) (AVRDC, 2017). Moreover, it has oblong shaped with 

medium to large fruits with deep red internal colour due to a crimson gene (ogc) increasing 

lycopene content; Ty3 and Mi-1 genes in coupling phase linkage (AVRDC, 2017). AVTO1429, 

it is indeterminate line resistant to bacterial wilt and TYLCD with round and large fruits 

(AVRDC, 2017).  

AVTO1314 is a semi-determinate line resistant to bacterial wilt and TYLCD having round and 

medium-sized fruits (AVRDC, 2017). Potential of these lines in Kenya remains elusive. 

Valoria selection is a determinate line with resistant to bacterial wilt. However, the claims of 

bacterial wilt resistance by farmers are yet to be validated. It is a high yielding selection with 

oblong and firm fruits.  

5.2.3 Experimental design 

The experiment was organised in a randomized complete block design with three replications. 

The experiment was organized in two parts, development of study populations, and evaluation 

of the progenies and their parents. Study populations were developed at Kabete Field Station 

from April to September 2018. Hybridization of 5 parental lines in half diallel mating design 

excluding reciprocals was carried out from April-August, 2018 and backcrosses of both parents 

from September-December, 2018. Four cross families were evaluated on four environments 

(Open-field and greenhouse experiments at Kabete Field Station, Mwea Research Station, and 

farmer’s field at Kanyeki-ini location). Field evaluation of six generations from each cross was 

conducted at Kabete Field Station and Mwea Research Station from April to August, 2019. 

Screening for reaction to bacterial wilt screening was conducted in a sick plot in the farmer’s 

field and in a greenhouse at Kabete Field Station from April to August 2019.  

5.2.4 Development of Study populations 

Four bi-parental crosses were developed from Roma VF, AVTO1429, AVTAO1424, 

AVTO1314 (Table 5.1). Valoria Select F1 hybrids were developed between April and August 

2018 (Table 5.2). The F1s’ were backcrossed to both parents (BC₁P₁ and BC₁P₂) and also 

advanced to F2 at Kabete Field Station between September and December, 2018. Six 

generations were generated from each cross: P₁, P₂, F₁, F₂, BC₁P₁ and BC₁P₂.  The generations 

were evaluated in three field trials at Kabete, Mwea, Kanyekini and in a greenhouse at Kabete 

Field Station. 
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Table 5. 1: Parental lines and cross combinations for the study 

Cross  Donor parent  Susceptible            

parent 

F1 F2 BC1 

F1P1 

 BC1 

F1 P2 

1 

2 

3 

4 

AVTO1424 (T5) 

AVTO1429 (T3) 

AVTO1314 (T7) 

VALORIA (T9) 

Roma VF (T2) 

Roma VF (T2) 

Roma VF (T2) 

Roma VF (T2) 

T5XT2 

T3XT2 

T7XT2 

T9XT2 

F1 self 

F1 self 

F1 self 

F1 self 

F1XT5 

F1XT3 

F1XT7 

F1XT9 

F1XT2 

F1XT2 

F1XT2 

F1XT2 

 

5.2.5 Evaluation of study populations 

5.2.5.1 Experimental layout  

Tomato seedlings were raised in 204-cell (3.5 cm deep and 2.5 cm wide) germination trays 

filled with peat moss (planting media) at Kabete Field Station on 6th March 2019.  One seed 

was sown per cell and trays placed on benches in a net-house. Seedlings were watered daily 

during hot weather and once after two days on cool weather to provide sufficient moisture for 

growth. Seedlings were hardened 25 days post- sowing when they had four true leaves by 

slightly reducing the water supply. Besides, the netting was removed to expose the seedling to 

strong sunlight to become stocky and sturdy. Seedlings were watered 12 hours before 

transplanting. One-month old (pencil thick) seedlings were transplanted to open field of the 3 

evaluation sites on 8th April 2019.  Transplanting was done early in the morning to reduce the 

transplanting shock and plants were watered immediately according to KALRO (2016) 

protocol. The land was prepared by deep (45cm) ploughing the fields to improve the soil 

structure, water holding capacity and to achieve a fine tilth. Regular ridges that were 30 cm 

high and 25 cm wide were made to raise the beds.  

The trial was laid out in a split-plot design with the four families as main plots and the six 

generations as the subplots. The whole experiment was replicated three times. The main plot 

measured 36x54 meters with eighteen subplots each measuring 2x3 meters. Each subplot had 

four rows with five plants per row and therefore a total of 20 plants per plot. The number of 

plants per plot varied with generations. The segregating populations (F2 and backcrosses) were 

assigned more rows than the non-segregating F1 and parental populations as follows; 40 rows 

with 200 plants for F2 generation, 20 rows with 100 plants for backcross generations and 4 

rows with 20 plants for each non-segregating population (P1, P2 and F1) following a modified 

procedure of Checa et al., (2006). 
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5.2.5.2 Crop Management 

Field trial 

The crop was hand-weeded after every 2-3 weeks to maintain the weed-free field.  The crop 

was mainly rain-fed but supplemented with drip irrigation. Di-ammonium phosphate fertilizer 

(DAP 18:46:0) at the rate of 12 g plant-1 plus 12 g plant-1 of N: P: K (17% nitrogen: 17% 

phosphorus: 17% potassium) was applied during transplanting. The plants were top-dressed 

with calcium ammonium nitrate (CAN) at the rate of 100kg/ha when plants were 25 cm high 

and 200kg/ha 56 days after transplanting. Metalaxyl-M and Propineb (700g/kg) at the rate of 

50g / 20 litres water was applied alternately every two weeks to control early and late blight 

whenever necessary to ensure a healthy crop. Both Imidaclopride (100 g l-1) and 

betacyfluthrine (45g l-1) at the rate of 0.2 l ha-1 and thiamethoxan at the rate of 8g / 20 litres 

water was used in the management of aphids, whiteflies, and leaf miners during the crop growth 

cycle. 

Greenhouse trial 

Seedlings were transplanted into 5 - l plastic posts containing 2kg planting media comprised 

of soil (forest), manure (well compost) and sand in the ration of 2:1:1. The soil was obtained 

from R. solanacearum free forested area of Kabete Field Station. 

Inoculum preparation: Virulent strains of Ralstonia solanacearum were isolated from infected 

tomato plants using Kiriika et al., (2013) procedure to obtain a pure culture. Diseased material 

was collected from farmers’ fields in Kirinyaga County (Figures 4.12 and 4.13). Isolation of R. 

solanacearum was carried out in Petri dishes containing nutrient glucose agar medium (NGA) 

[ingredient: 5% bactopeptone, 0.25% D-glucose, 0.3% beef extract and 1.5% agar in one litre 

demineralised water (dH2O)] and stored at 30 °C for 48 hours. Purification of R. solanacearum 

was done on petri dishes with triphenyl tetrazolium chloride (TZC) medium to distinguish the 

target pathogen from other bacteria (Fajinmi and Fajinmi, 2010). The target pathogen had 

round, white, fluidal colonies measuring 7.0-9.0mm with irregular margins and pinkish-red 

centre (Figure 4.15).  

Bacterial suspension for inoculation was obtained by flooding petri dishes with pure cultures 

with distilled water and serial diluted five times. The visual mass of the bacterial suspension 

was adjusted to 0.06 at 660 nm wavelength to correspond to 107 cfu/ml by five folds serial 

dilution (Kiriika et al., 2013). The bacterium was inoculated by pricking the tomato seedlings 

roots with a sterile needle to expose avenues for bacterial entry. Each tomato pot was inoculated 

with 25ml of the bacterial suspension around the root base. 
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5.2.6 Data collection  

Data was collected on 50 F1 plants, 50 plants of each parent in a cross, 300 plants of each 

backcross and 600 plants for the F2 generation (Sharma, 1988).  In the field trials, data were 

collected on agronomic traits and bacterial wilt incidence. 

5.2.6.1 Agronomic traits  

Data was collected on plant height (cm), duration to 50% flowering, the number of trusses per 

plant and the number of primary branches. Plant height in cm was determined as the distance 

from the soil base of the plant to the tip of the main stem using a metre ruler at 50% flowering 

and at physiological maturity stage from six randomly selected plants. Days to 50% flowering 

was determined as duration from planting to the day half of plants population in a plot had at 

least one flower. A sample of 6 plants per plot was assessed on the number of trusses from the 

main stem and averaged at the harvesting stage. The number of primary branches was 

determined by counting the number of primary branches per plant from the main stem for six 

randomly selected plants and calculating the mean at the harvesting stage. 

5.2.6.2 Yield and yield related traits 

In the field trials, data was collected on the following traits: total soluble sugar content, fruit 

firmness, fruit yield, number of fruits per plant, fruit length and width. Fruit Brix was the 

measure of the total soluble sugar in mature red fruit harvested at the mature green and red 

stage sampled from six randomly selected plants. Total soluble sugar was measured using Erma 

handheld refractometer (model 28-62, and manufactured by Labline, in India). Fruit firmness 

was measured as the average firmness of mature red fruits from six randomly selected plants 

measured using a digital hand-held Lutron electronic Fruit Hardness Tester (model FR 5105, 

Tainan, Taiwan). Fruit yield was measured as the total weight of the fruits harvested per plant 

expressed as kg ha-1. The number of fruits per plant was determined from fruits harvested from 

six randomly tagged plants per plot. Fruit weight per plant was determined from a random 

sample of 6 red ripe fruits per plot using an electronic weighing balance model AG64-100 

(Wagtech International, New York). Tomato fruit length and width was measured as the 

equatorial diameter and polar diameter respectively using a ruler (IPGRI, 2003). 

5.2.6.3 Bacterial wilt incidence score 

Incidence of bacterial wilt was evaluated in the sick plot at farmer’s field and Kabete 

greenhouse (after inoculation). Resistance to bacterial wilt was determined by assessing the 

number of wilted plants from day 28 to day 126 after transplanting and was transformed into 
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percentage disease incidence. Data on wilted plants was recorded at four days interval. This 

was achieved by scoring wilted plants and checking bacterial ooze from infected plants. The 

disease evaluation followed the procedure of Jeger and Viljanen-Rollinson (2001). The 

bacterial wilt severity on tomato was evaluated according to Winstead and Kelman (1953) 

protocol. Disease symptoms were grouped into six classes as shown in Table 5.2. 

Table 5. 2:   Tomato wilting evaluation classification (Winstead and Kelman, 1953)   

 

Score Observation  Score Observation  

0 

1 

2 
 

No symptom 

One leaf wilted 

Two leaves wilted 

3 

4 

5 

 

Three leaves wilted 

All leaves wilted except the tip 

Entire plant wilted (death) 

 

Bacterial wilt disease incidence (DI) was determined as a percentage score of the wilted plant 

divided by the plant population per plot. Jeger and Viljanen-Rollinson, (2001) formula was 

used to calculate the area under the disease progress curve (AUDPC) per plant in all the 

treatment illustrated as follows: 

)](2/)[( 1

1

1

1 −

−

=

− −+= i

n

i

iii ttxxAUDPC  

Where xi and xi-1 denote disease severity index and ti and ti -1 are consecutive evaluation dates 

(ti- ti-1 equal to 1). Turkey test at α = 0.05 was used to test the level of significant differences 

between treatments. 
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5.3 Data analysis 

Analysis of variance (ANOVA) to establish if there were significant differences among the 

generations for each trait, and to compare crosses was conducted separately for each of the 

population using Genstat software 15th edition. The variables for which ANOVA showed 

significant differences between the generations, their separation of mean was carried out with 

Tukey’s procedure for multiple comparisons (P≤ 0.05) following a protocol by (Checa et al, 

2006). Those variables that showed significant differences by orthogonal contrasts between 

parents P1 and P2 were submitted to generation mean analysis (GMA) to establish if the 

respective traits were either quantitatively or qualitatively inherited using the methodology 

proposed by Checa et al. (2006). Segregation ratios were subjected to chi-square tests to 

establish goodness-of-fit for observed ratios. The outcomes were compared with the observed 

results to determine whether the differences are because of chance or other traits hence: - 

Chi-square= (Observed- Expected) 2 /Expected 

Hence, ᵡ2= ∑ [(O-E) 2/ E] 

The calculated chi-square value was used to determine P (probability) value from the chi-

square table. If P-value obtained <5%, the variation between the segregating ratios was 

influenced by other traits but if P-value >5% the variation was due to chance and within the 

acceptable deviation (Squillance and Squillance, 1970). 

Generation mean analysis 

Calculation of generation mean analysis was according to Sharma (1988) protocol as follows: 

i. Development of generation means: - this was obtained from the average of observations 

for a trait in each generation and the total number (n) of sampled plants 

            �̅� ⃛=T/n. 

ii. Calculating the variance and mean-variance of each generation 

Variance for each generation =∑ SS/ (n-1) 

Mean-variance for each generation 

                  �̅�=V/n 

iii. Scaling test to detect the presence or absence of non-allelic interaction. 

Epistasis affects the estimation of additive and dominance components of variance. 

Scaling tests were used to determine the potential of epistatic effects for traits studied 

and to determine the appropriate model for genetic analyses. Four scales A, B, C, D 

were used to determine the presence of an additive, dominance, and the type of 

interaction effects. 
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Computation of the scales was achieved as: 

A= P͞1 +F͞1-2B͞C1  

B=P͞2+F͞1-2B͞C2 

C=P͞1+P͞2+2 F͞1-4 F͞2 

D=2F͞2-B͞C1-B͞C2 

Where: A= additive x dominance (P1), B= additive x dominance (P2); C= dominance x 

dominance; D=additive x additive 

iv. Test for significance on each scale was as per the equation.      

     t (A)=A/SE(A). 

Where: A= additive x dominance (P1) and SE= Standard error 

 Significance of any the 4 scales justify epistasis, therefore, necessitate further analysis on 

components of means. Analysis of components of means in crosses where epistasis was present 

was conducted using 6-parameters model since backcrosses were used, following a procedure 

of Sharma, (1988). 

5.4 Results 

5.4.1 Days to 50% flowering 

Analysis of variance showed significant difference for the duration to 50% flowering across 

the six generations of the cross Roma VF x AVTO1429 and Roma VF x AVTO1424 at 

(P≤0.05) and cross Roma VF x AVTO1314 and Roma VF x Valoria select at (P≤0.01) (Table 

5.4). No significant difference at (P≤0.01) was recorded for days to 50% flowering across the 

two environments (Kabete, UON and KARLO, Mwea) in any of the four cross. The analysis 

of variance showed no significant difference at (P≤0.01) for interactions between the two 

environments and the genotypes in cross Roma VF x AVTO1429 and Roma VF x AVTO1424. 

However, analysis of variance showed significance variations (P≤0.01) on interactions between 

the two environments and the genotypes in cross Roma VF x AVTO1314 and Roma VF x 

Valoria select. 

Parents in all the crosses showed early flowering at Kabete that ranged from 33 to35 days as 

compared to Mwea where 34 to 37 days were recorded (Table 5.5). However, F1 hybrids 

recorded early flowering of 32 days at Mwea site for all the crosses except cross Roma VF x 

Valoria select which was late flowering (36 days). There was no significant difference for days 

to flowering at Kabete and Mwea sites in all crosses except Roma VF x Valoria select with 

BC1P2 and F1 recording 38 and 34 days, respectively. Results for F1 and F2 population were 

consistent across the crosses. Significant decrease of 16.67% in days to flowering was 
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registered in F1 in comparison to parental genotypes with all crosses except Roma VF x Valoria 

select recording the best performance. F2 is segregating generation in which more variability 

is expected. Days to 50% flowering in F2 population varied from 32 to 36 days across the 

crosses. The latest flowering offspring was BC₁P₂ at 38 days. 

Results showed that all the scaling tests were significant at (P≤0.01) for cross Roma VF x 

AVTO1429 (Table 5.20). The scaling tests showed additive x dominance (P1) effects, additive 

x dominance (P2) effects, dominance x dominance and additive x additive interactions which 

implied presence of epistasis Table (5.20). Analysis of gene effects showed significant additive 

effects (-0.08**), dominance effect (-0.63**), additive x additive interaction effects (1.76**) 

and additive x dominance interaction effects (-2.04**) (Table 5.33). Therefore, further analysis 

using a 6-parameter model was carried out since cross Roma VF x AVTO1429 showed 

epistasis and backcrosses were used. Results showed that combined gene effects (3.6) were 

higher than the interaction components (2.29) put together (Table 5.33). 

Table 5.3: Days to flowering, at Kabete and Mwea, 2018 

Source 

Mean squares for Days to 50%flowering 

Df 

Cross 1 (Roma 

VF x 

AVTO1429) 

Cross 2 

(Roma VF x 

AVTO1424) 

Cross 3 (Roma 

VF x 

AVTO1314) 

Cross 4 (Roma 

VF x Valoria 

select) 

Replication 2 5.82 5.32 12.76 17.46 

Environmentsß 1 7.56 2.45 0.32 95.54 

Residual 2 4.52 4.25 0.38 8.00 

Generations 5 3.65* 3.47* 8.95** 8.65** 

Environment. 

Generations 5 1.32 1.62 5.20** 5.23* 

Residual 35 1.32 1.22 1.31 1.78 
ßEnvironments were Kabete and Mwea long seasons, 2018. *, ** Significant at 5 and 1 percent 

probability levels, respectively. 
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Table 5. 4: Generation means for duration to 50 % flowering of four crosses evaluated at two locations in 2018 
 

 

Generation 

Days to 50% flowering 

Cross 1  

(Roma VF x AVTO1429) 

Cross 2  

(Roma VF x AVTO1424) 

Cross 3 

(Roma VF x AVTO1314) 

Cross 4  

(Roma VF x Valoria FS) 

Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean 

P1 33 35 34 34 34 34 35 36 35 34 36 35 

P2 34 35 34 34 35 35 33 35 34 34 37 35 

F1 33 32 32 33 32 33 33 30 32 33 36 34 

F2 33 33 33 32 33 33 33 34 34 34 36 35 

BC1P1 33 35 34 34 35 34 34 34 34 33 36 35 

BC1P2 33 34 34 33 34 34 34 33 33 34 41 38 

Mean 33.12 34.04 34.00 33.44 33.96 33.70 33.79 33.60 33.69 33.66 36.92 35.29 

CV (%)   3.40   3.30   3.40   3.80 

LSD (5%)    2.48   2.40   1.82   3.17 

LSD= Least significant differences of means at P≤ 0.05), CV (%) = Coefficient of variation. Environments were Kabete and Mwea long rains, 2018
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5.4.2 Plant height at 50% flowering (cm)  

Analysis of variance showed significant difference among the six generations of the two 

crosses Roma VF x AVTO1429 and Roma VF x AVTO1424 at (P≤0.01) for plant height at 

50% flowering (Table 5.6). However, there was no significant difference among the six 

generations of the other two crosses (Roma VF x AVTO1314 and Roma VF x Valoria select). 

Significant differences were observed in plant height at 50% flowering across the two 

environments (Kabete, UON and KARLO Mwea) for cross Roma VF x AVTO1424 (P≤0.05) 

and Roma VF x AVTO1314 (P≤0.01). However, no significant difference (P≤0.01) was 

recorded across the two environments for cross Roma VF x AVTO1429 and Roma VF x 

Valoria select. Analysis of variance showed no significant difference at (P≤0.01) for 

interactions between the two environments and the genotypes for all the crosses except Roma 

VF x AVTO1424 that showed significance at (P≤0.05). 

The mean plant height at Kabete was 44.11 cm for cross one, 47.20 cm cross two, 47.02 cm 

cross three and 54.02 cm for cross four. In contrast, the mean plant height at Mwea was 68.35 

cm for cross one, 62.43cm for two, 64.07cm for three and 54.97 for cross four. Results showed 

that parents in all the crosses had lower plant height at Kabete site ranging from 41.08 to 

56.35cm as compared to Mwea site which ranged from 55.56 to 73.33cm (Table 5.7). The 

tallest parent was AVTO1429 (71.83 cm) and the shortest parent was Roma VF (41.08 cm). 

Similarly, the F1 hybrids in all the crosses recorded shorter plant height at Kabete with a mean 

of 50.36 cm compared to F1 hybrids Mwea with a mean of 67.82 cm. The tallest F1 hybrids 

was Roma VF x AVTO1429 (73.33 cm) and the shortest was Roma VF x AVTO1314 (47.38 

cm). Besides, a significant increase in plant height at 50% flowering in comparison to parental 

genotypes was registered in F1 generation for all crosses. Results showed that the mode of 

inheritance for this trait was additive gene action and additive x additive interaction effects. F2 

hybrids in all the crosses recorded shorter plant height at Kabete site that ranged from 41.55 to 

52.68cm than at Mwea that varied from 53.37 to 68.58cm. Cross Roma VF x Valoria select 

recording the shortest height while Roma VF x AVTO1429 the tallest. Results for F1 and F2 

hybrids were consistent across the crosses.  All the scaling tests were significant at (P≤0.01) 

for cross Roma VF x AVTO1429. The scaling tests showed presence of additive effects; 

dominance effects and additive x additive interaction effects (Table 5.20). Therefore, further 

analysis using a 6-parameter model was carried out since one cross Roma VF x AVTO1429 

showed epistasis and backcrosses were available. Results showed that combined gene effects 

(10.85) were higher than the interaction components (0.85) put together (Table 5.34). 
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Table 5. 5: Plant height at 50% flowering at Kabete and Mwea, 2018 

Source 

Mean squares for plant height at 50% flowering 

Df 

Cross 1 

(Roma VF x 

AVTO1429) 

Cross 2 

(Roma VF x 

AVTO1424) 

Cross 3 

(Roma VF x 

AVTO1314) 

Cross 4 

(Roma VF x 

Valoria select) 

Replication 2 826.97 446.12 200.62 639.67 

Environmentsß 1 1848.12 2136.13* 2560.76** 1062.71 

Residual 2 179.77 70.07 27.69 183.44 

Generations 5 118.35** 97.08** 46.41 48.52 

Environment. 

Generations 5 45.67 64.82* 22.46 20.00** 

Residual 35 21.41 17.64 28.95 9.08 
ßEnvironments were Kabete and Mwea long seasons, 2018. *, ** Significant at 5 and 1 percent 

probability levels, respectively.
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Table 5. 6: Six tomato generations of parental accessions in the 4 crosses evaluated for plant height at 50% flowering grown at two locations 

in 2018 
 

 

Generation 

Plant height at 50% flowering (cm) 

Cross 1 

(Roma VF x AVTO1429) 

Cross 2 

(Roma VF x AVTO1424) 

Cross 3 

(Roma VF x AVTO1314) 

Cross 4 

(Roma VF x Valoria FS) 

Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean 

P1 
56.35 64.76 60.56 47.37 71.83 59.60 47.92 58.73 53.33 41.08 57.06 49.07 

P2 
47.54 59.75 53.64 43.11 55.56 49.33 49.05 67.30 58.17 43.24 55.56 49.40 

F1 54.18 73.33 63.76 50.00 68.73 59.37 47.38 69.21 58.29 49.87 60.00 54.94 

F2 52.68 68.58 60.63 46.02 59.95 52.98 42.85 59.76 51.30 41.55 53.57 47.56 

BC1P1 62.74 71.35 67.04 51.59 56.67 54.13 49.32 63.61 56.46 44.48 54.33 49.40 

BC1P2 50.64 72.34 61.49 44.05 61.83 52.94 46.70 65.81 56.25 44.41 49.33 46.87 

Mean 
54.02 68.35 61.19 47.02 62.43 54.72 47.20 64.07 55.64 44.11 54.97 49.54 

CV (%) 
  7.60   

7.70 
  9.70   6.10 

LSD (5%)  
  14.59   9.52   9.11   15.78 

LSD= Least significant differences of means at P≤ 0.05), CV (%) = Coefficient of variation. Environments were Kabete and Mwea long rains, 2018
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5.4.3 Final plant height (cm) 

There were significant differences among the six generations of the cross Roma VF x 

AVTO1429 and Roma VF x AVTO1314 from analysis of variance at (P≤0.01) for final plant 

height (Table 5.8). However, there was no significant difference across the six generations for 

the cross Roma VF x AVTO1424 and Roma VF x Valoria select at (P≤0.01). The locations 

had significant effects on plant height for cross Roma VF x AVTO1314 at (P≤0.01) and no 

significant difference was recorded in other crosses. Analysis of variance showed significant 

differences for interactions between environments and the genotypes for crosses Roma VF x 

AVTO1429 at (P≤0.05) and Roma VF x Valoria select at (P≤0.01). There were no significant 

genotype x environment interactions for crosses Roma VF x AVTO1424 and Roma VF x 

AVTO1314 at (P≤0.01). 

Results showed that the mean plant height for the tallest parent, P1 at Kabete was 81.84 cm and 

82.81 cm at Mwea. The shortest parent, Roma VF had 77.11 cm at Kabete and 79.85 cm as 

shown in table 5.9. The F1 hybrids in all the crosses had plant height range of 71.33 to 95.10cm 

in both sites. The F2 hybrids had similar plant height that ranged from 71.10cm to 104.10cm in 

all the crosses at both sites. Results for F1 generation and F2 population were consistent among 

the populations. These population had both a mean of 83.81 cm. The recorded plant height 

across the two environments ranged from 82.20 cm for shorter parent Roma VF of cross Roma 

VF x AVTO1429 to 119.50 cm for taller offspring, BC₁P₁. Results showed that all the scaling 

tests were non-significant at (P≤0.01) for all the crosses. This implied that there were no 

interactions of gene actions after 50% flowering. There was no additive effects, dominance and 

additive x additive interaction (Table 5.20). Therefore, further analysis was not necessary since 

no none of other crosses showed significance in the scaling tests. However, a 6-parameter 

model was carried out since backcrosses were used. Results showed that combined gene effects 

(13.93) were higher than the interaction components (1.04) put together (Table 5.35). 
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Table 5. 7: Mean squares for final plant height of six tomato generations grown at two 

locations in 2018 

Source 

Mean squares for final plant height 

df 

Cross 1 

(Roma VF x 

AVTO1429) 

Cross 2 

(Roma VF x 

AVTO1424) 

Cross 3 

(Roma VF x 

AVTO1314) 

Cross 4 

(Roma VF x 

Valoria select) 

Replication 2 874.78 954.80 289.00 1547.96 

Environmentsß 1 260.80 1.80 446.68** 11.35 

Residual 2 668.57 0.40 6.60 21.33 

Generations 5 1079.86** 127.70 196.32** 31.42 

Environment. Generations 5 242.79* 132.60 3.03 54.37** 

Residual 35 69.67 213.90 38.49 12.37 
ßEnvironments were Kabete and Mwea long seasons, 2018. *, ** Significant at 5 and 1 percent 

probability levels, respectively.
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Table 5. 8: Generation means for plant height after 50% flowering in the 4 crosses evaluated at two locations in 2018 
 

 

Generation 

Final plant height (cm) 

Cross 1 

(Roma VF x AVTO1429) 

Cross 2 

(Roma VF x AVTO1424) 

Cross 3 

(Roma VF x AVTO1314) 

Cross 4 

(Roma VF x Valoria FS) 

Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean 

P1 84.20 86.50 85.30 84.00 85.50 84.70 83.30 91.00 87.20 75.86 68.68 72.27 

P2 82.50 81.90 82.20 78.50 73.30 75.90 74.90 83.20 79.00 72.52 81.00 76.76 

F1 95.10 91.60 93.40 82.40 90.40 86.40 76.90 84.70 80.80 71.33 77.95 74.64 

F2 104.10 95.80 99.90 95.00 79.00 87.00 68.70 73.60 71.10 79.16 75.29 77.23 

BC1P1 134.10 105.00 119.50 83.50 93.10 88.30 79.60 85.20 82.40 75.71 75.83 75.77 

BC1P2 97.50 104.50 101.00 81.80 81.10 81.40 81.70 89.70 85.70 77.60 80.17 78.88 

Mean 99.60 94.20 96.90 84.20 83.70 83.90 77.50 84.60 81.00 75.36 76.49 75.93 

CV (%)   8.60   17.40   7.70   4.60 

LSD (5%)    28.25   22.74   9.78   6.43 

LSD= Least significant differences of means at P≤ 0.05), CV (%) = Coefficient of variation. Environments were Kabete and Mwea long rains, 2018 

 



179 
 

5.4.4 Inter truss spacing (cm)  

There were highly significant differences among the six generations of cross Roma VF x 

AVTO1424 at (P≤0.01) and Roma VF x AVTO1314 at (P≤0.05) for inter truss spacing (Table 

5.10). However, the analysis of variance showed no significant difference at (P≤0.01) in cross 

Roma VF x AVTO1429 and Roma VF x Valoria select. There was no significant difference at 

(P≤0.01) for inter truss spacing across the two environments (Kabete, UON and KARLO 

Mwea) in all the cross except Roma VF x AVTO1314 that recorded significance at (P≤0.05). 

The analysis of variance showed no significant difference at (P≤0.01) for interactions between 

the two environments and the genotypes in all the cross.   

Inter truss spacing was significantly higher at Mwea compared to Kabete in the populations. 

Parent Roma VF (P1) had the highest mean spacing of 17.55 cm at Mwea and the lowest spacing 

mean of 15.69 at Kabete. F₁ generations had a mean of 18.08 cm at Mwea and 15.10 cm at 

Kabete. F2 population had a mean of 15.34 cm at Kabete and 16.76 cm at Mwea. The Inter 

truss spacing across the two environments ranged from 17.23cm for parent P₁(AVTO1429) of 

cross Roma VF x AVTO1429 to 19.17cm offspring, F₁ x BC₁P₁ (Table 5.11). For cross Roma 

VF x AVTO1424, the range was from 13.95 cm for parent P₂ (Roma VF) to 17.30 cm offspring, 

F₁ x BC₁P₁ while cross Roma VF x AVTO1314 ranged from 15.29 cm for offspring, BC₁P₂ 

to 17.78 cm for parent AVTO1314. Finally, the recorded inter truss spacing across the two 

environments for cross Roma VF x Valoria select ranged from 14.42 cm for offspring, BC₁P₁ 

to 15.41 cm offspring, BC₁P₂. Results showed the gene action additive x dominance interaction 

effects and additive x additive interaction effects (-1.78**) (Table 5.20). This implied that the 

environments significantly influenced this trait and it is quantitative. Therefore, further analysis 

using a 6-parameter model was carried out because backcrosses were available and one cross 

(Roma VF x AVTO1429) showed epistasis. Results showed that the combined gene effects 

(3.0) were lower than the interaction components (6.26) put together (Table 5.35). 
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Table 5. 9: Mean squares for inter truss spacing of six tomato generations grown at two 

locations in 2018 

Source 

Mean squares for Inter truss spacing 

Df 

Cross 1 

(Roma VF x 

AVTO1429) 

Cross 2 

(Roma VF x 

AVTO1424) 

Cross 3 

(Roma VF x 

AVTO1314) 

Cross 4 

(Roma VF x 

Valoria select) 

Replication 2 42.18 21.16 3.68 28.27 

Environmentsß 1 49.08 44.81 64.61* 2.42 

Residual 2 38.15 12.29 1.95 0.58 

Generations 5 2.73 10.19** 5.96* 0.95 

Environment. Generations 5 6.52 2.55 3.62 2.58 

Residual 35 6.99 1.91 1.73 1.68 
ßEnvironments were Kabete and Mwea during the 2018 long season. *, ** Significant at 5 and 1 

percent probability levels, respectively.
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Table 5. 10: Six generation means for inter truss spacing of parental accessions in the 4 crosses evaluated at two locations in 2018 
 

 

Generation 

Inter truss spacing (cm) 

Cross 1 

(Roma VF x AVTO1429) 

Cross 2 

(Roma VF x AVTO1424) 

Cross 3 

(Roma VF x AVTO1314) 

Cross 4 

(Roma VF x Valoria FS) 

Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean 

P1 16.03 18.43 17.23 15.73 17.24 16.49 15.30 20.25 17.78 15.70 14.27 14.98 

P2 19.05 17.73 18.39 13.23 14.67 13.95 14.49 16.36 15.42 15.47 15.08 15.27 

F1 17.08 19.21 18.37 15.33 19.11 17.22 13.94 18.04 15.99 14.04 15.96 15.00 

F2 16.93 19.80 18.15 14.32 15.86 15.09 14.83 15.79 15.31 15.23 15.60 15.41 

BC1P1 17.76 20.58 19.17 15.28 19.31 17.30 15.97 17.52 16.74 14.05 14.78 14.42 

BC1P2 16.35 21.47 18.91 15.22 16.32 15.77 13.97 16.62 15.29 13.56 15.47 14.52 

Mean 17.20 19.54 18.37 14.85 17.08 15.97 14.75 17.43 16.09 14.67 15.19 14.93 

CV (%)   14.40   8.70   8.20   8.70 

LSD (5%)    6.78   3.82   2.27   2.08 

LSD= Least significant differences of means at P≤ 0.05), CV (%) = Coefficient of variation. Environments were Kabete and Mwea long rains, 2018
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5.4.5 Number of trusses per plant  

There were highly significant differences across the six generations of cross Roma VF x 

AVTO1429 and Roma VF x AVTO1314 for the number of trusses per plant at (P≤0.01) (Table 

5.12). However, there was no significant difference recorded for cross Roma VF x AVTO1424 

and Roma VF x Valoria select at (P≤0.01). No significant difference at (P≤0.01) for the number 

of trusses per plant between the two environments (Kabete, UON and KARLO Mwea) in all 

crosses. The analysis of variance showed no significant difference at (P≤0.01) for interactions 

between the two environments and the genotypes in all the cross except Roma VF x Valoria 

select that was significant at (P≤0.05).  

The number of trusses was significantly higher at Mwea with a mean of 22.03 cm for cross 

one, 20.89 cm two, 20.10 cm three and 19.53 cm for cross four compared to Kabete. The mean 

number of trusses at Kabete were 20.14 cm for cross one, 17.78 cm two, 17.73 cm three and 

17.26 cm for cross four. The mean number of trusses per plant for F1 generation and F2 

population was 29 and 21 trusses per plant. This was significantly higher than the means of 

19.25 and 17 observed in P1 and P2, respectively (Table 5.13). Similarly, the number of trusses 

per plant across the two environments ranged from 18.11 for parent P₂ (Roma VF) to 20.88 

offspring, F1 and from 17.46 for parent P₁ (Valoria select) to 19.05 offspring, BC₁P₁. There 

was presence of additive x dominance interaction (-2.61**) showing inheritance of the 

quantitative trait (Table 5.20). Therefore, further analysis using a 6-parameter model was 

carried out since one cross (Roma VF x AVTO1429) showed epistasis and backcrosses were 

available. Results showed that the combined gene effects (-3.76) were lower than the 

interaction components (-3.16) put together (Table 5.36). 
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Table 5. 11: Mean squares for number of trusses per plant of six tomato generations 

grown at two locations in 2018  

Source 

Mean squares for a number of trusses per plant 

Df 

Cross 1 

(Roma VF x 

AVTO1429) 

Cross 2 

(Roma VF x 

AVTO1424) 

Cross 3 

(Roma VF x 

AVTO1314) 

Cross 4 

(Roma VF x 

Valoria select) 

Replication 2 23.10 9.14 3.32 20.50 

Environmentsß 1 32.12 87.05 50.67 46.42* 

Residual 2 9.98 19.91 14.95 1.40 

Generations 5 30.887** 5.41 6.39** 1.96 

Environment. Generations 5 0.67 2.74 3.95 1.32 

Residual 35 4.44 4.65 1.25 2.57 
ßEnvironments were Kabete and Mwea long seasons, 2018. *, ** Significant at 5 and 1 percent 

probability levels, respectively.
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Table 5. 12: Six generations for number of trusses per plant grown at two locations in 2018  
 

 

Generation 

Number of trusses per plant 

Cross 1  

(Roma VF x AVTO1429) 

Cross 2 

(Roma VF x AVTO1424) 

Cross 3 

(Roma VF x AVTO1314) 

Cross 4 

(Roma VF x Valoria FS) 

Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean 

P1 18 19 18 17 20 18 17 20 18 17 18 17 

P2 18 20 19 17 21 19 17 20 18 16 20 18 

F1 21 23 22 19 23 21 21 21 21 17 20 18 

F2 23 26 24 18 20 19 17 20 18 17 20 18 

BC1P1 21 22 22 18 20 19 17 21 19 19 20 19 

BC1P2 20 22 21 18 21 19 18 20 19 18 20 19 

Mean 20.14 22.03 21.08 17.78 20.89 19.34 17.73 20.10 18.91 17.26 19.53 18.40 

CV (%)   10.00   11.10   5.90   8.70 

LSD (5%)    4.06   5.02   4.28   2.61 

LSD= Least significant differences of means at P≤ 0.05), CV (%) = Coefficient of variation. Environments were Kabete and Mwea long rains, 2018
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5.4.6 Total soluble sugars (Brix)  

Analysis of variance showed significant difference across the six generations of the cross Roma 

VF x AVTO1429 for total soluble sugars, but no significant difference was recorded in other 

crosses at (P≤0.05) (Table 5.14). Highly significant differences at (P≤0.05) was recorded for 

total soluble sugars across the two environments (Kabete, UON and KARLO Mwea) in cross 

Roma VF x Valoria select but none in other crosses. The analysis of variance showed no 

significant difference at (P≤0.05) for interactions between the two environments and the 

genotypes in all the crosses. 

The total soluble sugars across the two environments ranged from 3.05% Brix for parent P₁ 

(AVTO1429) of cross Roma VF x AVTO1429 to 3.45% Brix offspring, BC₁P₁ and from 

3.14% Brix for offspring, BC₁P₁ of cross Roma VF x AVTO1424 to 3.38% Brix of the parent, 

Roma VF (Table 5.15). Similarly, the total soluble sugars across the two environments ranged 

from 3.41% Brix for offspring, F₁ of cross Roma VF x AVTO1314 to 3.64% Brix of the parent, 

AVTO1314 and from 3.45% Brix for parent (Valoria select) of cross Roma VF x AVTO1314 

to 3.77% Brix of offspring, BC₁P₂. Results showed that inheritance of this trait was by 

dominance gene effects and presence of additive x dominance interaction (-0.12**) (Table 

5.20). Therefore, further analysis using a 6-parameter model was carried out since one cross 

(Roma VF x AVTO1429) showed epistasis and backcrosses were used. Results showed that 

the combined gene effects (4.69) were higher than the interaction components (1.53) put 

together (Table 5.37). 
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Table 5. 13: Mean squares for total soluble sugars of six tomato generations grown at two 

locations in 2018  

Source 

Mean squares for total soluble sugars 

df 

Cross 1 

(Roma VF x 

AVTO1429) 

Cross 2 

(Roma VF x 

AVTO1424) 

Cross 3 

(Roma VF x 

AVTO1314) 

Cross 4 

(Roma VF x 

Valoria select) 

Replication 2 0.15 0.38 0.51 0.53 

Environmentsß 1 0.42 0.04 1.29 1.22* 

Residual 2 0.30 0.61 0.55 0.02 

Generations 5 0.10* 0.04 0.04 0.08 

Environment. Generations 5 0.10 0.06 0.08 0.03 

Residual 35 0.04 0.10 0.05 0.04 
ßEnvironments were Kabete and Mwea long seasons, 2018. *, ** Significant at 5 and 1 percent 

probability levels, respectively.
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Table 5. 14: Six generations for total soluble sugars grown at two locations in 2018   
 

 

Generation 

Total soluble sugars (Brix %) 

Cross 1 

(Roma VF x AVTO1429) 

Cross 2 

(Roma VF x AVTO1424) 

Cross 3 

(Roma VF x AVTO1314) 

Cross 4 

(Roma VF x Valoria FS) 

Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean 

P1 
3.14 3.39 3.27 3.13 3.34 3.24 3.75 3.54 3.64 3.71 3.20 3.45 

P2 
3.51 3.08 3.29 3.32 3.45 3.38 3.83 3.23 3.53 3.65 3.34 3.50 

F1 
3.25 2.85 3.05 3.35 2.99 3.17 3.69 3.12 3.41 3.66 3.50 3.58 

F2 
3.44 3.19 3.32 3.27 3.19 3.23 3.57 3.47 3.52 3.74 3.43 3.59 

BC1P1 
3.62 3.28 3.45 3.21 3.07 3.14 3.68 3.49 3.59 3.70 3.23 3.47 

BC1P2 
3.30 3.17 3.23 3.33 3.17 3.25 3.84 3.22 3.53 4.00 3.55 3.77 

Mean 
3.38 3.16 3.27 3.27 3.20 3.23 3.73 3.35 3.54 3.74 3.38 3.56 

CV (%) 
  6.00   9.60   6.40   5.60 

LSD (5%)  
  0.60   0.85   0.81   0.32 

LSD= Least significant differences of means at P≤ 0.05), CV (%) = Coefficient of variation. Environments were Kabete and Mwea long rains, 2018
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5.4.7 Number of fruits per plant  

There were highly significant differences among the six generations of cross Roma VF x 

AVTO1429 and AVTO1424 at (P≤0.01). Cross Roma VF x AVTO1314 was significant at 

(P≤0.05) but cross Roma VF x Valoria select recorded no significance difference (Table 5.16). 

Highly significant differences at (P≤0.01) were recorded for the number of fruits per plant 

across the two environments (Kabete, UON and KARLO Mwea) in all the crosses. The analysis 

of variance showed highly significant difference at (P≤0.01) for interactions between the two 

environments and the genotypes in cross Roma VF x AVTO1429. However, no significant 

difference was recorded in other crosses.  

Results showed parents in all the crosses had the highest number of fruits per plant at Kabete 

site (75-117 fruits) as compared to Mwea site (16-45 fruits). Parent from elite genotype 

selection recorded the highest number of fruits in all the crosses (Table 5.17). Similarly, F1 

hybrids recorded the highest number of fruits per plant at Kabete site (105-132 fruits) than at 

Mwea site (31-54 fruits) for all the crosses. Also, F2 hybrids recorded the highest number of 

fruits per plant at Kabete site (80-151 fruits) than at Mwea site (27-65 fruits) for all the crosses. 

Results for F1 and F2 hybrids were consistent across the crosses. Significant increase of the 

number of fruits per plant in comparison to parental genotypes was registered in F1 and F2 

generation of all crosses. P2, F1 and F2 hybrids and BC₁P2 of cross Roma VF x Valoria select 

had the highest number of fruits.  

The recorded number of fruits per plant across the two environments ranged from 55 for parent 

P₁ (AVTO1429) of cross Roma VF x AVTO1429 to 108, F₂ and from 57 for parent P₁ 

(AVTO1424) of cross Roma VF x AVTO1424 to 87.20, BC₁P₂ (Table 5.17). Similarly, the 

recorded number of fruits per plant across the two environments ranged from 48 for parent P₁ 

(AVTO1314) of cross Roma VF x AVTO1314 to 68, F₁ from 66 for parent P₁ (Valoria select) 

of cross Roma VF x Valoria select to 86 BC₁P₁. Results showed presence of additive x 

dominance interaction (5.8**) and additive gene action (Table 5.20). Analysis using a 6-

parameter model was carried out because there was epistasis and backcrosses were available. 

Results showed that the combined gene effects (-9.55) were lower than the interaction 

components (-4.93) put together (Table 5.38). 
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Table 5.15: Mean squares for number of fruits per plant of six tomato generations grown 

at two locations in 2018  

Source 

Mean squares for number of fruits per plant 

df 

Cross 1 

(Roma VF x 

AVTO1429) 

Cross 2 

(Roma VF x 

AVTO1424) 

Cross 3 

(Roma VF x 

AVTO1314) 

Cross 4 

(Roma VF x 

Valoria select) 

Replication 2 1681.90 609.20 237.80 3933.60 

Environmentsß 
1 44663** 33700.80** 28106** 33906.50** 

Residual 2 62.30 312.20 335.80 77.50 

Generations 5 2099.2** 709.10** 784.90* 255.00 

Environment. Generations 5 564.70** 55.60 221.70 62.00 

Residual 35 104.40 142.00 266.20 138.40 
ßEnvironments were Kabete and Mwea long rain seasons, 2018. *, ** Significant at 5 and 1 percent 

probability levels, respectively.
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Table 5. 16: Six generations for the number of fruits per plant grown at two locations in 2018   
 

 

Generation 

Number of fruits per plant 

Cross 1 

(Roma VF x AVTO1429) 

Cross 2 

(Roma VF x AVTO1424) 

Cross 3 

(Roma VF x AVTO1314) 

Cross 4 

(Roma VF x Valoria FS) 

Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean 

P1 92 41 66 79 16 48 82 32 57 75 35 55 

P2 111 42 76 84 45 65 105 42 73 117 33 75 

F1 115 48 81 105 31 68 117 54 85 132 53 92 

F2 105 45 75 80 27 54 103 44 73 151 65 108 

BC1P1 115 56 86 64 17 40 105 39 72 97 45 71 

BC1P2 107 44 75 96 38 67 120 55 87 131 49 90 

Mean 107.30 45.90 76.60 84.80 28.90 56.80 105.30 44.10 74.70 117.00 46.50 81.70 

CV (%)   15.40   28.70   15.90   12.50 

LSD (5%)    19.18   28.47   22.84   16.71 

LSD= Least significant differences of means at P≤ 0.05, CV (%) = Coefficient of variation. Environments were Kabete and Mwea long rains, 2018
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5.4.8 Yield per plant (kg)  

There were significant differences among the six generations of all crosses except Roma VF x 

Valoria select for yield per plant at (P≤0.01) (Table 5.18). Moreover, significant variations 

were evident for yield per plant across the two environments (Kabete, UON and KARLO 

Mwea) in the four crosses Roma VF x AVTO1429 and Roma VF x AVTO1424 at (P≤0.01), 

Roma VF x AVTO1314 and Roma VF x Valoria select at (P≤0.05). The analysis of variance 

showed no significant difference at (P≤0.05) for interactions between the two environments 

and the genotypes in all the crosses. 

Results showed parents in all the crosses had the highest yield per plant at Kabete site of 4.07kg 

to 4.95kg as compared to Mwea site of 0.85kg to 1.91kg. Parent from AVRDC genotypes 

selection recorded the highest yields in all the crosses (Table 5.19). Similarly, F1 hybrids had 

the highest yield per plant at Kabete site of 4.92 to 5.39kg than at Mwea site of 1.61kg to 2.30kg 

for all the crosses. Besides, F2 hybrids recorded the highest yield per plant at Kabete site of 

4.72 to 5.59kg than at Mwea site of 1.43kg to 2.15kg for all the crosses. Results for F1 and F2 

hybrids were consistent across the crosses. Significant increase of yield per plant in comparison 

to parental genotypes was registered in F1 and F2 generation of all crosses. P2, F1 and F2 hybrids 

and BC₁P2 of cross Roma VF x AVTO1429 had the highest yields.  

The amount of number yield per plant across the two environments ranged from 2.73kg for 

parent P₁ (AVTO1429) of cross Roma VF x AVTO1429 to 3.87kg, F₂ and from 2.97kg for 

parent P₁ (AVTO1424) of cross Roma VF x AVTO1424 to 3.76kg, BC₁P₂ (Table 5.19). 

Similarly, the recorded yield per plant across the two environments ranged from 2.62kg for 

parent P₁ (AVTO1314) of cross Roma VF x AVTO1314 to 3.62kg, BC₁P₂ and from 3.18kg 

for parent P₁ (Valoria select) of cross Roma VF x Valoria select to 3.58kg, BC₁P₁ and F₁.  

Results showed that the trait was controlled by additive x dominance interaction (-0.64ns) gene 

action (Table 5.20).  
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Table 5. 17: Mean squares for yield per plant of six tomato generations grown at two 

locations in 2018  

Source 

Mean squares for yield per plant 

df 

Cross 1 

(Roma VF x 

AVTO1429) 

Cross 2 

(Roma VF x 

AVTO1424) 

Cross 3 

(Roma VF x 

AVTO1314) 

Cross 4 

(Roma VF x 

Valoria select) 

Replication 2 4.93 5.94 7.83 11.61 

Environmentsß 
1 86.29** 78.23** 105.07* 78.72* 

Residual 2 0.83 0.61 2.51 1.17 

Generations 5 1.14** 0.47** 0.89** 0.14 

Environment. Generations 5 0.12 0.10 0.10 0.11 

Residual 35 0.12 0.09 0.12 0.17 
ßEnvironments were Kabete and Mwea long rain seasons, 2018. *, ** Significant at 5 and 1 percent 

probability levels, respectively.
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Table 5. 18: Six generations for the yield per plant grown at two locations in 2018 
 

 

Generation 

Yield per plant (kg) 

Cross 1 

(Roma VF x AVTO1429) 

Cross 2 

(Roma VF x AVTO1424) 

Cross 3 

(Roma VF x AVTO1314) 

Cross 4 

(Roma VF x Valoria FS) 

Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean Kabete Mwea Mean 

P1 
4.07 1.38 2.73 4.41 1.53 2.97 4.39 0.85 2.62 4.64 1.73 3.18 

P2 
4.89 1.54 3.21 4.91 1.76 3.33 4.95 1.91 3.43 4.89 1.85 3.37 

F1 
5.39 2.22 3.81 4.92 2.30 3.61 5.34 1.61 3.47 5.15 2.01 3.58 

F2 
5.59 2.15 3.87 4.84 1.92 3.38 4.72 1.43 3.08 4.76 2.04 3.40 

BC1P1 
5.03 2.15 3.59 5.26 1.93 3.59 4.72 1.09 2.90 4.89 2.28 3.58 

BC1P2 
5.20 2.16 3.68 5.15 2.37 3.76 5.25 1.99 3.62 5.17 1.84 3.50 

Mean 5.03 1.93 3.48 4.91 1.97 3.44 4.90 1.48 3.19 4.91 1.96 3.44 

CV (%)   10.10   8.60   10.90   12.10 

LSD (5%)    0.99   0.85   1.85   1.18 

LSD= Least significant differences of means at P≤ 0.05), CV (%) = Coefficient of variation. Environments were Kabete and Mwea long rains, 2018
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Table 5. 19: Scaling tests for generations in tomato for growth and reproductive traits in 

a cross: Roma VF x AVTO1429* 

Trait 

Scales 

A                                      

(P͞1 +F͞1-2B͞C1) 

B 

 (P͞2+F͞1-2B͞C2) 

C                                           

(P͞1+P͞2+2 F͞1-4 F͞2) 

D                     

(2F͞2-B͞C1-B͞C2) 

Days to 50% flowering -0.08** -0.63** 1.76** -2.04** 

Plant height at 50% flowering (cm) -9.76** -5.58** -0.8** -7.27ns 

Plant height (cm) -60.3ns -26.4ns -45.3ns -20.7ns 

Number of primary branches -0.358** -0.532** -1.652ns 0.381** 

Inter truss spacing (cm) -2.74ns -1.06ns -0.24ns -1.78** 

Number of trusses per plant -2.61** -1.66ns -16.21ns 5.97ns 

Fruit length (mm) 0.29ns -1.99ns 0.34ns -1.02** 

Fruit width (mm) -6ns 0.24** 7.56ns -6.66ns 

Fruit firmness 1.57ns 1.43** 12.6** -4.8ns 

Number of locules per fruit -0.511ns 0.054** -0.013ns -0.222** 

Pericarp thickness (mm) -0.538ns -0.404ns 1.474ns -1.208ns 

Total soluble sugars (% Brix) -0.589ns -0.124** -0.609ns -0.052ns 

Number of fruits per plant 5.8** -12.5ns -118.7ns 56ns 

Yield per plant (kg) -0.642ns -0.342ns -1.914ns 0.465ns 

A= additive x dominance (P1), B= additive x dominance (P2); C= dominance x dominance; 

D=additive x additive 

Table 5. 20: Scaling tests for generations in tomato for growth and reproductive traits in 

a cross: Roma VF x AVTO1424* 

Trait 

Scales 

A                               

(P͞1 +F͞1-2B͞C1) 

B                              

(P͞2+F͞1-2B͞C2) 

C                                           

(P͞1+P͞2+2 F͞1-4 F͞2) 

D                                           

(2F͞2-B͞C1-B͞C2) 

Days to 50% flowering -4.08 0.35 2.55 -2.23 

Plant height at 50% flowering (cm) 10.71 2.82 15.75 -1.11 

Final plant height (cm) -5.5 -0.5 -14.6 4.3 

Number of primary branches -0.325 -0.595 -1.586 0.333 

Inter truss spacing (cm) -0.89 -0.37 4.52 -2.89 

Number of trusses per plant 1.22 1.62 4.46 -0.81 

Fruit length (mm) 1.25 2.13 0.28 1.55 

Fruit width (mm) 0 1.29 3.31 -1.01 

Fruit firmness -3.29 3.96 -14.35 7.51 

Number of locules per fruit 0.1 0.291 -0.043 0.217 

Pericarp thickness (mm) -0.327 -0.014 0.285 -0.313 

Total soluble sugars (% Brix) 0.121 0.055 0.044 0.066 

Number of fruits per plant -1.4 -15.7 7.5 -12.3 

Yield per plant (kg) -0.609 -0.582 -0.009 -0.591 

The values were not significantly different  
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Table 5. 21: Scaling tests for generations in tomato for growth and reproductive traits in 

a cross: Roma VF x AVTO1314*

Trait 

Scales 

A                                           

(P͞1 +F͞1-2B͞C1) 

B                                       

(P͞2+F͞1-2B͞C2) 

C                                           

(P͞1+P͞2+2 F͞1-4 F͞2) 

D                                           

(2F͞2-B͞C1-B͞C2) 

Days to 50% flowering -0.28 -0.58 -1.12 0.13 

Plant height at 50% flowering (cm) -1.3 3.96 22.88 -10.11 

Final plant height (cm) 3.2 -11.6 43.4 -25.9 

Number of primary branches 0.102 0.285 0.871 -0.242 

Inter truss spacing (cm) 0.29 0.83 3.94 -1.41 

Number of trusses per plant 0.79 1.79 4.28 -0.85 

Fruit length (mm) 6.7 8.9 13 1.3 

Fruit width (mm) -7.12 -2.36 -6.38 -1.55 

Fruit firmness -2.86 -0.83 -7.73 2.02 

Number of locules per fruit -0.709 0.155 0.52 -0.537 

Pericarp thickness (mm) 0.118 -0.332 -0.296 0.041 

Total soluble sugars (% Brix) -0.122 -0.123 -0.099 -0.073 

Number of fruits per plant 34.7 -1.8 32.9 0 

Yield per plant (kg) 0.285 -0.335 0.696 -0.373 

The values were not significantly different  

 

Table 5. 22: Scaling tests for generations in tomato for growth and reproductive traits in 

a cross: Roma VF x Valoria FS* 

Trait 

Scales 

A                                           

(P͞1 +F͞1-2B͞C1) 

B                                       

(P͞2+F͞1-2B͞C2) 

C                                           

(P͞1+P͞2+2 F͞1-4 F͞2) 

D                                           

(2F͞2-B͞C1-B͞C2) 

Days to 50% flowering -0.8 -5.86 -2.5 -2.08 

Plant height at 50% flowering (cm) 5.21 10.6 18.11 -1.15 

Final plant height (cm) -4.63 -6.36 -10.61 -0.19 

Number of primary branches -0.714 -1.531 -0.545 -0.85 

Inter truss spacing (cm) 1.14 1.23 -1.39 1.88 

Number of trusses per plant -2.4 -1.36 -1.8 -0.98 

Fruit length (mm) -1.32 0.38 4.14 -2.54 

Fruit width (mm) 2.24 2.52 1.84 1.46 

Fruit firmness -0.82 12.23 11.83 -0.21 

Number of locules per fruit 0.029 0.294 -0.011 0.167 

Pericarp thickness (mm) -0.131 0.008 0.195 -0.159 

Total soluble sugars (% Brix) 0.095 -0.471 -0.236 -0.07 

Number of fruits per plant -23.7 7.1 4.6 -10.6 

Yield per plant (kg) -0.4 -0.061 0.103 -0.282 

The values were not significantly different  
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Table 5. 23: Test of significance table for the scaling tests for cross Roma VF x AVTO1429 on days to 50% flowering, plant height at 50% 

flowering and Plant height 

Scale 

Days to 50% flowering   

Scale 

Plant height at 50% flowering (cm)   

Scale 

Plant height (cm) 

Standard error at df. t(scale/SE)  Standard error at df. t(scale/SE)  Standard error at df. t(scale/SE) 

A=-8.0 0.56 501.00 -14.32**   A=5.21 2.39 501.00 2.18**   A=-4.63 5.20 501.00 -0.89ns 

B=-5.86 0.56 501.00 -10.43**  B=10.6 2.85 501.00 3.72**  
B=-6.36 5.03 501.00 -1.26ns 

C=-2.5 0.86 1005.00 -2.81**  C=18.11 4.12 1005.00 4.40**  
C=-10.61 7.21 1005.00 -1.47ns 

D=-2.08 0.39 1131.00 -5.34**   D=-1.15 1.88 1131.00 -0.61ns   D=-0.19 4.26 1131.00 -0.04ns 

 

Table 5. 24: Test of significance table for the scaling tests for cross Roma VF x AVTO1429 on number of primary branches, inter-truss 

spacing and number of trusses per plant  

Scale 

Number of primary branches     Inter truss spacing (cm)     Number of trusses per plant 

Standard error at df. t(scale/SE)  Scale Standard error at df. t(scale/SE)  Scale Standard error at df. t(scale/SE) 

A=-0.71 0.26 501.00 -2.75**   A=1.14 1.03 501.00 1.11ns   A=-2.4 1.19 501.00 -2.01** 

B=-1.53 0.25 501.00 -6.09**  
B=1.23 1.12 501.00 1.10ns  

B=-1.36 1.13 501.00 -1.21ns 

C=-0.55 0.42 1005.00 -1.30ns  
C=-1.39 1.54 1005.00 -0.91ns  

C=-1.8 1.98 1005.00 -0.91ns 

D=-0.85 0.18 1131.00 -4.81**   D=1.88 0.75 1131.00 2.51**   D=-0.98 0.92 1131.00 -1.07ns 

 

Table 5. 25: Test of significance table for the scaling tests for cross Roma VF x AVTO1429 on fruit length, fruit width and fruit firmness 

Scale 

Fruit length (mm)   

Scale 

Fruit width (mm)   

Scale 

Fruit firmness 

Standard error at df. t(scale/SE)  Standard error at df. t(scale/SE)  Standard error at df. t(scale/SE) 

A=-1.32 1.35 501.00 -0.98ns   A=2.24 1.27 501.00 1.77ns   A=-0.82 1.68 501.00 -0.49ns 

B=0.38 1.52 501.00 0.25ns  
B=2.52 1.27 501.00 1.98**  

B=12.23 1.67 501.00 7.35** 

C=4.4 2.32 1005.00 1.90ns  
C=1.84 2.06 1005.00 0.89ns  

C=11.83 2.42 1005.00 4.90** 

D=-2.54 1.03 1131.00 -2.46**   D=1.46 0.88 1131.00 1.65ns   D=-0.21 1.14 1131.00 -0.18ns 
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Table 5. 26: Test of significance table for the scaling tests for cross Roma VF x AVTO1429 on locules per fruit, pericarp thickness and 

total soluble sugars

Scale 

Number of locules per fruit   

Scale 

Pericarp thickness (mm)   

Scale 

Total soluble sugars (% Brix) 

Standard error at df. t(scale/SE)  Standard error at df. t(scale/SE)  Standard error at df. t(scale/SE) 

A=0.029 0.11 501.00 0.26ns   A=-0.13 0.20 501.00 -0.66ns   A=0.095 0.08 501.00 1.20ns 

B=0.29 0.12 501.00 2.51**  
B=0.008 0.19 501.00 -0.04ns  

B=-0.47 0.07 501.00 -6.34** 

C=-0.011 0.12 1005.00 0.09ns  
C=0.20 0.28 1005.00 0.69ns  

C=-0.24 0.13 1005.00 -1.83ns 

D=0.17 0.07 1131.00 2.35**   D=-0.16 1.86 1131.00 -0.09ns   D=-0.07 0.06 1131.00 -1.16ns 

 

Table 5. 27: Test of significance table for the scaling tests for cross Roma VF x AVTO1429 on number of fruits per plant and yield per 

plant 

Scale 

Number of fruits per plant   

Scale 

Yield per plant (kg) 

Standard 

error 

at df. t(scale/SE) 

 Standard error at df. t(scale/SE) 

A=-23.7 7.99 501.00 -2.97** 
  

A=-0.4 0.36 501.00 -1.12ns 

B=7.1 10.01 501.00 0.71ns 
 

B=-0.061 0.40 501.00 -0.15ns 

C=4.6 17.06 1005.00 0.27ns 
 

C=0.10 0.62 1005.00 0.17ns 

D=-10.6 7.52 1131.00 -1.41ns 
  

D=-0.28 0.27 1131.00 -1.03ns 
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Table 5. 28: Statistical data for generations in tomato for days to 50% flowering, plant height at 50% flowering and plant height in Kabete 

and Mwea stations evaluated in 2018 

Treatment 

Days to 50% flowering   Plant height at 50% flowering (cm)   Plant height (cm) 

Mean    

T/n 

Variance       

(V=SS/(n-1) 

Mean-

variance Ṽ   

Mean    

T/n 

Variance       

(V=SS/(n-1) 

Mean-

variance Ṽ   

Mean    

T/n 

Variance       

(V=SS/(n-1) 

Mean-

variance Ṽ 

ROMA VF x AVTO1429                       

    (P1⁺) AVTO1429 33.94 8.54 0.07  60.56 83.30 0.66  85.30 294.90 2.34 

    (P2ˉ) ROMA VF 34.48 10.33 0.08  53.64 188.90 1.50  82.20 479.70 3.81 

    F1 32.41 9.68 0.08  63.76 258.50 2.05  93.40 407.30 3.23 

    F2 32.87 11.09 0.02  60.63 259.40 0.41  99.90 1294.70 2.06 

    BC₁P₁ 34.02 10.55 0.04  67.04 188.30 0.75  119.50 1353.30 5.37 

    BC₁P₂ 33.76 9.88 0.04  61.49 289.10 1.15  101.00 1151.20 4.57 

ROMA VF x AVTO1424 
  

 
 

   
 

   

    (P1⁺) AVTO1429 33.90 7.45 0.06  59.60 868.30 6.89  84.70 227.00 1.80 

    (P2ˉ) ROMA VF 34.57 7.35 0.06  49.33 176.00 1.40  75.90 404.00 3.21 

    F1 32.82 9.54 0.08  59.37 242.80 1.93  86.40 472.00 3.75 

    F2 32.89 7.44 0.01  52.98 147.30 0.23  87.00 80325.00 127.50 

    BC₁P₁ 34.49 12.79 0.05  54.13 120.20 0.48  88.30 321.00 1.27 

    BC₁P₂ 33.52 8.49 0.03  52.94 155.50 0.62  81.40 335.00 1.33 

ROMA VF x AVTO1314    
 

   
 

   

    (P1⁺) AVTO1429 35.39 15.90 0.13  53.33 125.20 0.99  87.20 279.40 2.22 

    (P2ˉ) ROMA VF 34.43 10.93 0.09  58.17 2120.20 16.83  79.00 292.20 2.32 

    F1 31.71 10.19 0.08  58.29 222.60 1.77  80.80 285.00 2.26 

    F2 33.59 10.51 0.02  51.30 173.20 0.27  71.10 322.70 0.51 

    BC₁P₁ 33.69 10.78 0.04  56.46 151.90 0.60  82.40 1397.50 5.55 

    BC₁P₂ 33.36 11.39 0.05  56.25 191.70 0.76  85.70 2944.00 11.68 

ROMA VF x VALORIA FS            

    (P1⁺) AVTO1429 34.83 8.09 0.06  49.07 129.10 1.02  72.27 268.70 2.13 

    (P2ˉ) ROMA VF 35.25 24.05 0.19  49.40 166.60 1.32  76.76 388.60 3.08 
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    F1 34.05 8.22 0.07  54.94 169.20 1.34  74.64 599.60 4.76 

    F2 35.17 15.08 0.02  47.56 167.50 0.27  77.23 375.70 0.60 

    BC₁P₁ 34.84 18.24 0.07  49.40 115.60 0.46  75.77 182.10 0.72 

    BC₁P₂ 37.58 22.01 0.09   46.87 111.40 0.44   78.88 726.70 2.88 

Environments were Kabete and Mwea 2018 long rain season. Means expressed at (P≤0.05). (P1⁺): Represents the Donor parent and (P2ˉ) the recipient  

 

Table 5. 29: Statistical data for generations in tomato for number of primary branches, inter truss spacing and number of trusses per 

plant in Kabete and Mwea stations evaluated in 2018 

Treatment 

Number of primary branches   Inter truss spacing (cm)   Number of trusses per plant 

Mean    

T/n 

Variance       

(V=SS/(n-1) 

Mean-

variance 

Ṽ   Mean    T/n 

Variance       

(V=SS/(n-1) 

Mean-

variance 

Ṽ   Mean    T/n 

Variance       

(V=SS/(n-1) 

Mean-

variance Ṽ 

ROMA VF x AVTO1429                       

    (P1⁺) AVTO1429 4.76 1.66 0.01  17.23 23.93 0.19  18.32 30.06 0.24 

    (P2ˉ) ROMA VF 4.76 2.22 0.02  18.39 42.20 0.33  18.73 29.17 0.23 

    F1 5.14 2.52 0.02  18.37 29.02 0.23  22.19 48.32 0.38 

    F2 5.37 2.57 0.00  18.15 35.88 0.06  24.41 74.83 0.12 

    BC₁P₁ 5.13 2.15 0.01  19.17 40.17 0.16  21.56 50.22 0.20 

    BC₁P₂ 5.22 1.62 0.01  18.91 43.85 0.17  21.29 41.38 0.16 

ROMA VF x AVTO1424            

    (P1⁺) AVTO1429 4.35 0.93 0.01  16.49 25.80 0.20  18.31 22.46 0.18 

    (P2ˉ) ROMA VF 4.93 2.05 0.02  13.95 14.53 0.12  19.29 44.53 0.35 

    F1 4.79 0.95 0.01  17.22 27.93 0.22  21.11 36.98 0.29 

    F2 5.11 1.44 0.00  15.09 18.94 0.03  18.84 30.47 0.05 

    BC₁P₁ 4.73 1.23 0.00  17.30 26.15 0.10  19.10 31.54 0.13 

    BC₁P₂ 5.16 1.42 0.01  15.77 48.28 0.19  19.39 33.90 0.13 

ROMA VF x AVTO1314    
 

   
 

   

    (P1⁺) AVTO1429 5.12 1.95 0.02  17.78 28.62 0.23  18.25 26.30 0.21 

    (P2ˉ) ROMA VF 5.19 1.60 0.01  15.42 14.75 0.12  18.11 33.09 0.26 
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    F1 5.36 1.30 0.01  15.99 23.60 0.19  20.88 26.59 0.21 

    F2 5.04 1.41 0.00  15.31 19.62 0.03  18.46 26.14 0.04 

    BC₁P₁ 5.19 1.71 0.01  16.74 18.29 0.07  19.17 31.11 0.12 

    BC₁P₂ 5.13 1.49 0.01  15.29 16.91 0.07  18.60 26.23 0.10 

ROMA VF x VALORIA FS    
 

   
 

   

    (P1⁺) AVTO1429 4.78 1.61 0.01  14.98 26.41 0.21  17.46 21.02 0.17 

    (P2ˉ) ROMA VF 4.85 1.99 0.02  15.27 22.33 0.18  18.22 33.82 0.27 

    F1 5.06 2.02 0.02  15.00 17.68 0.14  18.24 26.18 0.21 

    F2 5.07 1.97 0.00  15.41 73.32 0.12  18.49 30.84 0.05 

    BC₁P₁ 5.27 1.59 0.01  14.42 15.95 0.06  19.05 28.99 0.12 

    BC₁P₂ 5.72 3.01 0.01   14.52 15.30 0.06   18.91 27.35 0.11 

Environments were Kabete and Mwea 2018 long rain season. Means expressed at (P≤0.05). (P1⁺): Represents the Donor parent and (P2ˉ) the recipient 

 

Table 5. 30: Statistical data for generations in tomato for fruit length, fruit width and fruit firmness in Kabete and Mwea stations evaluated in 2018 

Treatment 

Fruit length (mm)   Fruit width (mm)   Fruit firmness 

Mean    T/n 

Variance       

(V=SS/(n-1) 

Mean-

variance 

Ṽ   Mean    T/n 

Variance       

(V=SS/(n-1) 

Mean-

variance 

Ṽ   Mean    T/n 

Variance       

(V=SS/(n-1) 

Mean-

variance Ṽ 

ROMA VF x AVTO1429                       

    (P1⁺) AVTO1429 50.28 67.22 0.53  52.01 41.36 0.33  60.63 93.74 0.74 

    (P2ˉ) ROMA VF 50.08 71.30 0.57  46.61 55.35 0.44  56.61 77.63 0.62 

    F1 48.35 63.10 0.50  48.05 59.15 0.47  56.26 73.96 0.59 

    F2 49.18 89.14 0.14  46.79 63.02 0.10  54.29 83.65 0.13 

    BC₁P₁ 49.17 48.83 0.19  53.03 50.73 0.20  57.66 92.91 0.37 

    BC₁P₂ 50.21 78.26 0.31  47.21 44.91 0.18  55.72 98.86 0.39 

ROMA VF x AVTO1424    
 

   
 

   

    (P1⁺) AVTO1429 51.27 52.44 0.42  51.51 27.63 0.22  61.88 79.75 0.63 

    (P2ˉ) ROMA VF 51.21 63.76 0.51  47.10 29.25 0.23  53.31 95.57 0.76 

    F1 50.18 80.29 0.64  49.81 15.87 0.13  57.41 64.98 0.52 
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    F2 50.64 54.37 0.09  48.73 27.18 0.04  61.09 65.74 0.10 

    BC₁P₁ 50.10 50.56 0.20  50.66 22.40 0.09  61.29 60.19 0.24 

    BC₁P₂ 49.63 39.29 0.16  47.81 24.74 0.10  53.38 73.11 0.29 

ROMA VF x AVTO1314            

    (P1⁺) AVTO1429 49.30 47.00 0.37  53.17 40.39 0.32  54.26 91.99 0.73 

    (P2ˉ) ROMA VF 50.10 70.00 0.56  48.95 75.42 0.60  58.33 123.11 0.98 

    F1 53.20 7011.00 55.64  48.91 28.51 0.23  56.50 74.05 0.59 

    F2 48.20 41.00 0.07  51.58 39.67 0.06  58.33 62.37 0.10 

    BC₁P₁ 47.90 31.00 0.12  54.60 63.94 0.25  56.81 53.10 0.21 

    BC₁P₂ 47.20 28.00 0.11  50.11 33.58 0.13  57.83 70.91 0.28 

ROMA VF x VALORIA 

FS 
   

 
   

 
   

    (P1⁺) AVTO1429 48.80 66.09 0.52  45.95 48.60 0.39  55.33 65.43 0.52 

    (P2ˉ) ROMA VF 50.30 85.32 0.68  46.35 48.06 0.38  57.20 50.45 0.40 

    F1 48.36 60.76 0.48  48.17 38.00 0.30  54.45 60.55 0.48 

    F2 47.92 53.45 0.08  46.70 35.96 0.06  52.40 64.93 0.10 

    BC₁P₁ 49.24 60.11 0.24  45.94 34.10 0.14  55.30 53.22 0.21 

    BC₁P₂ 49.14 43.03 0.17   46.00 26.92 0.11   49.71 62.10 0.25 

Environments were Kabete and Mwea 2018 long rain season. Means expressed at (P≤0.05). (P1⁺): Represents the Donor parent and (P2ˉ) the recipient 
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Table 5. 31: Statistical data for generations in tomato for number of locules per fruit, pericarp thickness and total soluble sugars in Kabete 

and Mwea stations evaluated in 2018 

Treatment 

Number of locules per fruit   Pericarp thickness (mm)   Total soluble sugars (% Brix) 

Mean    

T/n 

Variance       

(V=SS/(n-1) 

Mean-

variance 

Ṽ   Mean    T/n 

Variance       

(V=SS/(n-1) 

Mean-

variance 

Ṽ   Mean    T/n 

Variance       

(V=SS/(n-1) 

Mean-

variance Ṽ 

ROMA VF x AVTO1429                       

    (P1⁺) AVTO1429 3.07 0.3711 0.00  4.84 1.185 0.01  3.27 0.1608 0.00 

    (P2ˉ) ROMA VF 3.13 0.6571 0.01  4.85 0.91 0.01  3.29 0.3081 0.00 

    F1 2.96 0.0962 0.00  4.60 1.298 0.01  3.05 0.1357 0.00 

    F2 3.03 0.1403 0.00  4.35 0.874 0.00  3.32 0.3367 0.00 

    BC₁P₁ 3.27 0.5572 0.00  4.99 1.258 0.00  3.45 0.2465 0.00 

    BC₁P₂ 3.02 0.4911 0.00  4.93 1.263 0.01  3.23 0.1254 0.00 

ROMA VF x AVTO1424            

    (P1⁺) AVTO1429 3.19 0.1259 0.00  4.72 0.825 0.01  3.24 0.5334 0.00 

    (P2ˉ) ROMA VF 2.95 0.1659 0.00  4.60 1.1412 0.01  3.38 0.6989 0.01 

    F1 2.96 0.0617 0.00  4.76 0.8065 0.01  3.17 0.2023 0.00 

    F2 3.03 0.1475 0.00  4.64 1.1965 0.00  3.23 0.4944 0.00 

    BC₁P₁ 3.03 0.2492 0.00  4.90 0.7129 0.00  3.14 0.2923 0.00 

    BC₁P₂ 2.81 0.1156 0.00  4.69 0.659 0.00  3.25 0.2493 0.00 

ROMA VF x AVTO1314    
 

   
 

   

    (P1⁺) AVTO1429 4.48 1.2606 0.01  4.70 0.7977 0.01  3.64 0.3782 0.00 

    (P2ˉ) ROMA VF 3.12 0.5608 0.00  4.90 0.8119 0.01  3.53 0.3288 0.00 

    F1 3.69 0.3708 0.00  4.51 0.6727 0.01  3.41 0.1785 0.00 

    F2 3.61 0.6295 0.00  4.73 0.9502 0.00  3.52 0.4406 0.00 

    BC₁P₁ 4.44 0.9862 0.00  4.55 0.5682 0.00  3.59 0.2727 0.00 

    BC₁P₂ 3.32 0.4601 0.00  4.87 0.7248 0.00  3.53 0.2423 0.00 

ROMA VF x VALORIA FS    
 

   
 

   

    (P1⁺) AVTO1429 2.70 0.1189 0.00  5.39 1.2239 0.01  3.45 0.3407 0.00 

    (P2ˉ) ROMA VF 2.89 0.1865 0.00  4.91 0.9689 0.01  3.50 0.2456 0.00 
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    F1 2.85 0.2095 0.00  4.94 0.5635 0.00  3.58 0.4478 0.00 

    F2 2.83 0.277 0.00  5.00 0.9588 0.00  3.59 0.4606 0.00 

    BC₁P₁ 2.76 0.1029 0.00  5.23 0.8497 0.00  3.47 0.1897 0.00 

    BC₁P₂ 
2.72 0.0824 

              

0.00    4.92 0.6901 
0.00 

  3.77 0.3543 
0.00 

Environments were Kabete and Mwea 2018 long rain season. Means expressed at (P≤0.05). (P1⁺): Represents the Donor parent and (P2ˉ) the recipient 

 

Table 5. 32: Statistical data for generations in tomato for number of fruits per plant, and yield per plant in Kabete and Mwea stations 

evaluated in 2018 

Treatment 

Number of fruits per plant   Yield per plant (kg) 

Mean    T/n 

Variance       

(V=SS/(n-1) 

Mean-

variance Ṽ   Mean    T/n 

Variance       

(V=SS/(n-1) 

Mean-

variance Ṽ 

ROMA VF x AVTO1429 
       

    (P1⁺) AVTO1429 55.10 989.00 7.85   2.73 2.95 0.02 

    (P2ˉ) ROMA VF 74.80 2695.00 21.39  3.21 4.80 0.04 

    F1 92.10 3576.00 28.38  3.81 5.16 0.04 

    F2 108.20 5843.00 9.27  3.87 6.27 0.01 

    BC₁P₁ 70.70 1736.00 6.89  3.59 4.02 0.02 

    BC₁P₂ 89.70 3172.00 12.59  3.68 4.94 0.02 

ROMA VF x AVTO1424    
 

   

    (P1⁺) AVTO1429 57.10 1283.00 10.18  2.97 3.40 0.03 

    (P2ˉ) ROMA VF 73.40 1824.00 14.48  3.33 4.32 0.03 

    F1 85.30 2371.00 18.82  3.61 3.59 0.03 

    F2 73.40 1888.00 3.00  3.38 4.14 0.01 

    BC₁P₁ 71.90 2111.00 8.38  3.59 5.23 0.02 

    BC₁P₂ 87.20 1976.00 7.84  3.76 3.71 0.01 

ROMA VF x AVTO1314    
 

   

    (P1⁺) AVTO1429 47.50 1835.00 14.56  2.62 5.41 0.04 
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    (P2ˉ) ROMA VF 64.60 1437.00 11.40  3.43 6.67 0.05 

    F1 67.80 2013.00 15.98  3.47 5.21 0.04 

    F2 53.70 1199.00 1.90  3.08 4.21 0.01 

    BC₁P₁ 40.30 894.00 3.55  2.90 5.69 0.02 

    BC₁P₂ 67.10 1963.00 7.79  3.62 5.07 0.02 

ROMA VF x VALORIA FS        

    (P1⁺) AVTO1429 66.30 1322.00 10.49  3.18 3.64 0.03 

    (P2ˉ) ROMA VF 76.30 2498.00 19.83  3.37 5.07 0.04 

    F1 81.20 2001.00 15.88  3.58 4.25 0.03 

    F2 75.10 2042.00 3.24  3.40 3.81 0.01 

    BC₁P₁ 85.60 1973.00 7.83  3.58 3.63 0.01 

    BC₁P₂ 75.20 1861.00 7.38   3.50 5.11 0.02 

Environments were Kabete and Mwea 2018 long rain season. Means expressed at (P≤0.05). (P1⁺): Represents the Donor parent and (P2ˉ) the recipient 

 

Table 5. 33: Gene effects of cross Roma VF x AVTO1429 on days to 50% flowering and plant height using 6 parameter model 

Gene effects / Components 

Days to 50% flowering     Plant height at 50% flowering (cm) 

Expectation 

/ Estimate 

Standard 

error 

t (gene 

effect/SE) at df.  

Expectation 

/ Estimate 

Standard 

error 

t (gene 

effect/SE) at df. 

ḿ (Mean) 32.87 0.13 247.74** 629.00 
 

60.63 0.64 94.49** 629.00 

d̂ (additive effect) 0.26 0.28 0.91ns 502.00 
 

5.55 1.38 4.03** 502.00 

 ĥ (dominance effect) 2.28 0.85 2.69** 1,506.00 
 

21.20 3.11 6.82** 1506.00 

î (Additive x Additive interaction) 4.08 0.78 5.24** 1,131.00 
 

14.54 3.76 3.86** 1131.00 

ĵ (Additive x Dominance 

interaction) 

1.06 0.69 1.54ns 752.00 
 

4.18 3.12 1.34ns 752.00 

l̂ (Dominance x Dominance 

interaction 

-6.40 1.43 -4.49** 1,381.00 
 

-29.88 6.88 -4.35** 1381.00 
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Table 5. 34: Gene effects of cross Roma VF x AVTO1429 on plant height and inter truss spacing using 6 parameter model  

Gene effects / Components 

Plant height (cm)       Inter truss spacing (cm) 

Expectation 

/ Estimate 

Standard 

error 

t (gene 

effect/SE) at df.  

Expectation 

/ Estimate 

Standard 

error 

t (gene 

effect/SE) at df. 

ḿ (Mean) 99.90 1.43 69.69** 629.00 
 

18.15 0.24 76.054** 629.00 

d̂ (additive effect) 18.50 3.15 5.87** 502.00 
 

0.26 0.58 0.45ns 502.00 

 ĥ (dominance effect) 51.05 6.34 8.06** 1,506.00 
 

4.12 1.61 2.55** 1506.00 

î (Additive x Additive interaction) 41.4 8.52 4.86** 1,131.00 
 

3.56 1.50 2.38ns 1131.00 

ĵ (Additive x Dominance 

interaction) 

33.9 6.78 5.00** 752.00 
 

1.68 1.36 1.23ns 752.00 

l̂ (Dominance x Dominance 

interaction 

-128.1 14.52 -8.82** 1,381.00 
 

-7.36 2.77 2.65** 1381.00 

 

Table 5. 35: Gene effects of cross Roma VF x AVTO1429 on number of trusses per plant and fruit length using 6 parameter model 

Gene effects / Components 

Number of trusses per plant       Fruit length (mm) 

Expectation 

/ Estimate 

Standard 

error 

t (gene 

effect/SE) at df.  

Expectation 

/ Estimate 

Standard 

error 

t (gene 

effect/SE) at df. 

ḿ (Mean) 24.41 0.34 70.83** 629.00   49.18 0.38 130.74** 629.00 

d̂ (additive effect) 0.27 0.60 0.45ns 502.00 
 

-1.04 0.71 -1.46ns 502.00 

 ĥ (dominance effect) -8.28 1.96 -4.21** 1506.00 
 

0.21 2.25 0.093ns 1506.00 

î (Additive x Additive interaction) -11.94 1.83 -6.52** 1131.00 
 

2.04 2.07 0.99ns 1131.00 

ĵ (Additive x Dominance 

interaction) 

0.95 1.39 0.68ns 752.00 
 

-2.28 1.77 -1.29ns 752.00 

l̂ (Dominance x Dominance 

interaction 

7.67 3.12 2.46ns 1381.00   -3.74 3.67 -1.02ns 1381.00 
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Table 5. 36: Gene effects of cross Roma VF x AVTO1429 on fruits width and fruit firmness using 6 parameter model 

Gene effects / Components 

Fruit width (mm)       Fruit firmness 

Expectation 

/ Estimate 

Standard 

error 

t (gene 

effect/SE) at df.  

Expectation 

/ Estimate 

Standard 

error 

t (gene 

effect/SE) at df. 

ḿ (Mean) 46.79 0.32 147.94** 629.00   54.29 0.36 148.99** 629.00 

d̂ (additive effect) 5.82 0.62 9.45** 502.00 
 

1.94 0.87 2.22ns 502.00 

 ĥ (dominance effect) 12.06 1.94 6.20** 1506.00 
 

7.24 2.47 2.93** 1506.00 

î (Additive x Additive interaction) 13.32 1.77 7.54** 1131.00 
 

9.60 2.27 4.22** 1131.00 

ĵ (Additive x Dominance 

interaction) 

6.24 1.51 4.13** 752.00 
 

-0.14 2.10 -0.07ns 752.00 

l̂ (Dominance x Dominance 

interaction 

-19.08 3.21 -5.94** 1381.00   -6.60 4.24 -1.56ns 1381.00 

 

Table 5. 37: Gene effects of cross Roma VF x AVTO1429 on number of locules per fruit and total soluble sugars using 6 parameter model 

Gene effects / Components 

Number of locules per fruit       Total soluble sugars (% Brix) 

Expectation 

/ Estimate 

Standard 

error 

t (gene 

effect/SE) at df.  

Expectation 

/ Estimate 

Standard 

error 

t (gene 

effect/SE) at df. 

ḿ (Mean) 3.03 0.01 203.11** 629.0 0   3.32 0.02 143.48** 629.00 

d̂ (additive effect) 0.25 0.06 3.88** 502.00 
 

0.22 0.04 5.67** 502.00 

 ĥ (dominance effect) 0.30 0.15 2.01ns 1506.00 
 

-0.13 0.13 -0.98ns 1506.00 

î (Additive x Additive interaction) 0.44 0.14 3.12** 1131.00 
 

0.10 0.12 0.87ns 1131.00 

ĵ (Additive x Dominance 

interaction) 

0.57 0.16 3.59** 752.00 
 

0.47 0.10 4.74** 752.00 

l̂ (Dominance x Dominance 

interaction 

-0.90 0.29 -3.16** 1381.00   -0.82 0.20 -4.08** 1381.00 

 

 



207 
 

Table 5. 38: Gene effects of cross Roma VF x AVTO1429 on number of fruits per plant and yield per plant using 6 parameter model 

Gene effects / Components 

Number of fruits per plant       Yield per plant (kg) 

Expectation 

/ Estimate 

Standard 

error 

t (gene 

effect/SE) at df.  

Expectation 

/ Estimate 

Standard 

error 

t (gene 

effect/SE) at df. 

ḿ (Mean) 108.20 3.05 35.53** 629.00   3.87 0.10 38.75** 629.00 

d̂ (additive effect) -19.00 4.41 -4.31** 502.00 
 

-0.09 0.19 -0.49ns 502.00 

 ĥ (dominance effect) -84.85 16.19 -5.24** 1506.00 
 

-0.09 0.60 -0.15ns 1506.00 

î (Additive x Additive interaction) -112.00 15.04 -7.45** 1131.00 
 

-0.93 0.55 -1.69ns 1131.00 

ĵ (Additive x Dominance 

interaction) 

-18.30 10.35 -1.77ns 752.00 
 

0.30 0.45 0.66ns 752.00 

l̂ (Dominance x Dominance 

interaction 

105.30 24.55 4.29** 1381.00   -0.05 0.98 -0.06ns 1381.00 
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5.4.9 General mean analysis for bacterial wilt 

Analysis of variance (ANOVA) revealed there was significant difference at P≤0.01 among the 

generations in all the crosses for bacterial wilt incidence (Table 5.40) and severity (Table 5.44) 

in all the weeks of data collection. Significant difference between the sites was recorded in 

cross Roma VF x AVTO1429 at P≤0.05 (*) and Roma VF x Valoria select at P≤0.01 (**). No 

significant difference was recorded for the generation x site interaction at P≤0.01. 

5.4.9.1 Bacterial wilt incidence (%) 

Results showed an increase in bacterial wilt incidence in all crosses from an average of 22.15% 

at week 1 (18 days after transplanting) of data collection to an average of 58.33% at week 5 

(65 days after transplanting). Sick plot recorded a higher disease incidence by more than 10% 

compared to the greenhouse in all the crosses (Table 5.41). 

At week 5 of data collection, sick plot results showed that, for cross Roma VF x AVTO1429, 

P2 had the lowest incidence of 37.78% and P1 the highest at 100%. F1 hybrid had higher 

incidence of 68.90% compared to better parent AVTO1429 (P2). F2 and BC1P2 a disease 

incidence of more than 53%. Cross Roma VF x AVTO1424, P1 (Roma VF), recorded the 

highest bacterial wilt incidence of 100% followed by BC1 at 68.89 while P2 (AVTO1424) had 

the lowest incidence of 26.67% followed by F1 hybrid at 31.11% (Table 5.41). For cross Roma 

VF x AVTO1314 in the sick plot, F1 hybrid showed the lowest disease incidence of 22.22% 

followed by P2 (AVTO1314) at 26.67% while P1 (Roma VF) showed the highest incidence of 

100% followed by BC1 at 72.22%. F2 hybrid and BC2 recorded significantly higher incidence 

of 45.78 and 35.56% respectively compared to better parent (AVTO1314). There was no 

significant difference in bacterial wilt incidence for F1, F2, BC2 and P2 (Valoria select) for cross 

Roma VF x Valoria select. 

In cross Roma VF x AVTO1429, at week 5 of data collection, P2 (AVTO1429) recorded the 

lowest bacterial wilt incidence of 31.11% followed by BC2 at 45.56% while P1 (Roma VF) 

recorded the highest incidence of 88.89% followed by BC1 at 54.44% in the greenhouse. F1 

and F2 hybrids recorded significantly higher incidence of 53.33 and 48.45% respectively 

compared to both parents. F1 hybrid from cross Roma VF x AVTO1424 recorded the lowest 

bacterial wilt incidence of 33.33% followed by BC2 at 37.78%. P1 (Roma VF) recorded the 

highest incidence of 100% followed by BC1 at 70%. For cross Roma VF x AVTO1314 in the 

greenhouse, F1 hybrid showed the lowest incidence of 57.78% followed by BC2 at 60% in the 

sick plot while Roma VF (P1) recorded the highest incidence of 100% followed by BC1 at 

72.22%. There was no significant difference in bacterial wilt incidence for F1, F2, BC2 and P2 
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(Valoria select) in the greenhouse. However, the disease incidence in the greenhouse was lower 

than in the sick plot. 

All the 4 scale tests for bacterial wilt incidence were significant at P≤0.01 in all the 4 crosses 

(Table 5.42). This means that there was additive x dominance interaction, dominance x 

dominance interaction and additive x additive interaction. Significance of the 4 scale tests 

necessitated computation of components of means or gene effects by 6-parameter model. From 

computation of gene effects, there was significant additive effects of 1.941** and 1.925** for 

cross Roma VF x AVT01429 and Roma VF x Valoria select respectively (Table 5.43). All the 

crosses showed significant dominance effects, additive x additive interaction, additive x 

dominance interaction and dominance x dominance interaction at P≤0.01. 

Table 5. 39: Bacterial Wilt Incidence in four crosses recorded for five weeks 

Source df week 1 week 2 week 3 week 4 week 5 

Roma VF x AVTO1429 

Replicate 2 1655.6 1384.7 592.86 265.02 126.77 

Generation 5 1365.6** 2702.7** 2950.52** 2594.71** 2417.76** 

Sites 1 926.7* 1443.9** 493.75* 565.38* 796.46** 

Generation x Sites 5 84.8 137.8 66.43 41.39 20.36 

Residue 22 117.4 123.9 98.21 91.68 73.84 

Roma VF x AVTO1424 

Replicate 2 396.09 906.8 71.48 56.8 220.86 

Generation 5 913.32** 2235** 4176.86** 3805.99** 3502.30** 

Sites 1 12.64 17.3 71.34 9.65 8.99 

Generation x Sites 5 44.05 146.9 29.97 151.46 158.04 

Residue 22 74.79 108.7 68.77 79.82 99.37 

Roma VF x AVTO1314 

Replicate 2 1443.09 1111.2 199.5 91.6 100.2 

Generation 5 3683.04** 4683.6** 5193** 5078.6** 4637.1** 

Sites 1 241.94 4410 183.7 89.2 10.4 

Generation x Sites 5 40.5 56.1 58.1 22.5 23.7 

Residue 22 97.51 124.2 175.3 126.3 156.4 

Roma VF x Valoria select 

Replicate 2 2207.*5 1432.5 583.4 104.63 63.3 

Generation 5 1091.2*** 1602.0** 1459.6** 1581.91** 1393.0** 

Sites 1 1360.9** 1801.8** 1103.7* 613.99** 290.9 

Generation x Sites 5 46.9 103.7 50.4 15.7 11.3 

Residue 22 187.1 103.2 137.9 71.18 100.7 

Sites were Kabete greenhouse and Sick plot at Kirinyaga county during long seasons, 2019. *, ** 

Significant at 5 and 1 percent probability levels, respectively.
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Table 5. 40: Bacterial wilt incidence (%) of six tomato generations from four crosses, five weeks at Kabete Greenhouse and Sick plot at 

Kirinyaga County, 2019 

Generation 

Week 1 Week 2 Week 3 Week 4 Week 5 

Green

house 

Sick 

Plot Mean 

Green

house 

Sick 

Plot Mean 

Green

house 

Sick 

Plot Mean 

Green 

house 

Sick 

Plot Mean 

Green

house 

Sick 

Plot Mean 

Roma VF x AVTO1429 

P2 6.67 8.89 7.78 8.89 13.33 11.11 22.22 22.22 22.22 26.67 33.33 30.00 31.11 37.80 34.44 

P1 40 60.00 50.00 57.78 84.44 71.11 77.78 93.33 85.56 84.44 100.00 88.89 92.22 100 94.44 

F1 17.78 35.56 26.67 28.89 48.89 38.89 42.22 57.78 50.00 48.89 62.22 53.33 55.56 68.90 61.11 

F2 14.67 24.44 19.55 23.11 36.89 30.00 36.00 42.67 39.33 45.78 51.11 48.45 48.45 53.80 51.11 

BC1P1 12.22 21.11 16.67 20.00 30.00 25.00 37.78 41.11 39.44 48.89 52.22 50.55 54.44 64.50 59.45 

BC1P2 11.11 13.33 12.22 17.78 18.89 18.33 28.89 32.22 30.56 43.33 46.67 45.00 45.56 53.30 49.45 

Mean 17.07 27.22 22.15 26.07 38.74 32.41 40.82 48.22 44.52 49.67 57.59 53.63 53.63 63.00 58.33 

CV (%) 44.4 36.6 48.9 34.3 22.6 34.4 24.9 15.1 22.3 18.1 15.8 17.9 17.8 9.6 14.7 

LSD (P≤0.05) 16.34 18.15 18.35 20.45 15.92 18.85 18.48 14.25 16.78 16.36 13.41 16.21 17.33 11.1 14.55 

Roma VF x AVTO1424 

P2 13.33 4.44 8.89 26.67 8.89 17.78 26.67 24.44 25.56 46.67 26.67 36.67 46.67 26.70 36.67 

P1 40.00 42.22 41.11 64.44 68.89 66.67 88.89 95.56 92.22 91.11 100 95.56 91.11 100 95.56 

F1 13.33 13.33 13.33 17.78 17.78 17.78 22.22 20.00 21.11 26.67 26.67 26.67 33.33 31.10 32.22 

F2 27.11 29.78 28.45 36.44 41.33 38.89 45.33 46.67 46.00 53.78 54.22 54.00 58.67 60.50 59.56 

BC1P1 23.33 27.78 25.56 35.45 44.44 39.94 48.89 56.66 52.78 64.44 63.34 63.89 70.00 68.90 69.44 

BC1P2 8.89 15.55 12.22 15.56 23.33 19.44 26.67 32.22 29.45 33.33 38.89 36.11 37.78 44.40 41.11 

Mean 21 22.18 21.59 32.72 34.11 33.42 43.11 45.93 44.52 52.67 51.63 52.15 56.26 55.30 55.76 

CV (%) 34.2 39.4 40.1 34 29.4 26 18.4 18.7 18.6 14.7 18.4 17.1 16.9 18.50 17.9 

LSD (P≤0.05) 13.05 15.92 14.64 20.26 18.27 17.66 14.41 15.62 14.04 14.05 17.31 15.12 17.31 18.60 16.88 

Roma VF x AVTO1314 

P2 4.44 6.67 5.56 8.89 13.33 11.11 20.00 22.22 21.11 22.22 26.67 24.44 28.89 28.90 28.67 

P1 64.44 73.33 68.89 73.33 91.11 82.22 88.89 100 94.44 95.56 100 97.78 95.56 100 97.78 
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Table 5.40 continued 

F1 6.67 4.44 5.56 11.11 13.33 12.22 20.00 15.56 17.78 24.44 22.22 23.33 28.89 24.4 26.67 

F2 18.67 20.89 19.78 27.11 28.00 27.56 39.56 40.00 39.78 45.78 45.78 45.78 52.00 52.90 52.44 

BC1P1 35.56 44.45 40.00 46.67 55.56 51.11 56.67 63.33 60.00 63.33 72.22 67.78 68.89 75.60 72.22 

BC1P2 7.78 18.89 13.33 14.44 22.22 18.33 21.11 32.22 26.67 32.22 35.56 33.89 38.89 37.80 38.33 

Mean 22.93 28.11 25.52 30.26 37.26 33.76 41.04 45.56 43.3 47.26 50.41 48.83 52.19 53.30 52.72 

CV (%) 44.7 35 38.7 42.3 26.3 28.5 39 24.9 30.6 25.9 22.2 23 24.7 23.8 23.7 

LSD (P≤0.05) 18.64 17.9 16.72 23.28 17.83 18.87 29.08 20.61 22.42 22.28 20.32 19.03 23.41 23.1 21.18 

Roma VF x Valoria select 

P2 24.44 37.78 31.11 35.56 53.33 44.44 46.67 64.44 55.56 53.33 66.67 60.00 60.00 66.70 63.33 

P1 44.44 64.44 54.44 62.22 86.67 74.44 75.56 93.33 84.44 91.11 100 95.56 93.33 100 96.67 

F1 13.33 24.44 18.89 26.67 33.33 30.00 37.78 42.22 40.00 46.67 55.56 51.11 51.11 57.80 54.44 

F2 21.33 26.22 23.78 32.00 39.11 35.56 44.00 49.33 46.67 52.89 56.89 54.89 57.78 61.80 59.78 

BC1P1 18.89 26.67 22.78 30.00 36.67 33.33 45.55 55.55 50.55 55.56 64.44 60.00 63.22 72.20 67.72 

BC1P2 11.11 27.78 19.44 26.67 48.89 37.78 43.33 54.44 48.89 54.45 60.00 57.23 58.89 60.00 59.45 

Mean 22.26 34.56 28.41 35.52 49.67 42.59 48.81 59.89 54.35 59 67.26 63.13 64.06 69.70 66.90 

CV (%) 71.4 35.1 47.7 30.5 20.4 23.9 25.2 19.7 12.8 14.3 13.1 13.4 16.5 12.5 15 

LSD (P≤0.05) 28.92 22.09 23.16 19.7 18.45 17.21 22.41 21.49 19.89 15.38 16.08 14.29 19.23 15.9 16.99 

 

 

Table 5. 41: Scaling tests for bacterial wilt incidence 

  Roma VF x AVTO1429 Roma VF x AVTO1424 Roma VF x AVTO1314 Roma VF x Valoria select 

 df Scale 

S.E 

(Expectations) 

t (Scale/S. 

E) Scale 

S.E 

(Expectations) 

t (Scale/S. 

E) Scale 

S.E 

(Expectations) 

t (Scale/S. 

E) Scale 

S.E 

(Expectations) 

t (Scale/S. 

E) 

A 9 36.65 12.776 2.869** -11.1 11.366 -0.977** -19.99 13.108 -1.525** 15.67 12.03 1.303** 

B 9 -3.35 10.339 -0.324** -13.33 15.204 -0.877** -21.32 13.34 -1.598** -1.13 11.254 -0.1** 

C 20 46.66 19.56 2.385** -41.57 21.818 -1.905** -29.97 18.548 -1.616** 29.76 18.488 1.61** 

D 24 -6.68 7.095 -0.942** 8.57 5.936 1.444** -5.67 10.64 -0.533** -7.61 4.864 -1.565** 

*, ** Significant at 5 and 1 percent probability levels, respectively. 
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Table 5. 42: Components of means for bacterial wilt incidence 

  Roma VF x AVTO1429 Roma VF x AVTO1424 Roma VF x AVTO1314 Roma VF x Valoria select 

Components 

(gene effects) df 

expectation/

estimate S. E 

t 

(component

s/S. E) 

expectation/

estimate S. E 

t 

(components/

S. E) 

expectation/

estimate S. E 

t(compone

nts/S. E) 

expectation/

estimate S. E 

t(compo

nents/S. 

E) 

Mean 14 51.11 2.439 20.955NS 59.56 1.52 39.184NS 52.44 3.481 15.065NS 59.44 1.14 52.14 NS 

Additive effects 10 10 5.152 1.941** 28.33 5.099 5.556NS 33.89 8.045 4.213 NS 8.27 4.297 1.925** 

Dominance 

effects 30 10.03 16.529 0.607** -51.035 21.003 -2.43** -25.165 22.144 -1.136** -8.98 13.224 -0.679** 

Additive x 

Additive 

interaction 24 13.36 14.19 0.942** -17.14 11.873 -1.446** 11.34 21.28 0.533** 16.65 9.728 1.704** 

Additive x 

Dominance 

Interaction 14 40 12.11 -3.303** -2.23 13.327 -0.167** -1.11 17.045 -0.065** -16.8 12.162 -1.381** 

Dominance x 

Dominance 

Interaction 30 19.94 28.412 0.702** -7.29 29.867 -0.244** -52.43 37.145 -1.411** -2.04 25.242 -0.081** 
NS-Not significant and *, ** Significant at 5 and 1 percent probability levels, respectively.
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5.4.9.2 Bacterial wilt Severity Score 

At week 5 (65 days after transplanting) of data collection, P2 (AVTO1429) had the lowest 

bacterial wilt severity score of 1.2. This was followed by F1 population with severity of 1.3. P1 

(Roma VF) had the highest severity score of 4.3 followed by BC1 at 3.0 in the sick plot (Table 

5.45). The F2 hybrid had significantly higher severity score of 2.3 compared to the better parent 

(AVTO1429). F1 hybrid followed by BC2 showed the lowest severity of 1.3 and 1.7 

respectively in the sick plot. P1 and BC1 had the highest severity score of 3.9 and 3.0 

respectively. For cross Roma VF x AVTO1314 in the sick plot, F1 hybrid had the lowest disease 

severity of 0.8 followed by P2 (AVTO1314) at 1.2. In contrast, Roma (P1) had the highest 

severity score of 5.0 followed by BC1 at 3.7. F2 hybrid had significantly higher severity score 

of 2.0 than the better parent AVTO1314. 

Similarly, in the greenhouse P2 showed the lowest severity of 0.8 followed by BC1 at 1.7. P1 

(Roma VF) showed the highest severity score of 3.6 followed by F1 and F2 hybrid at 2.0. This 

implied that F1 and F2 hybrid had significantly higher severity compared to better parent 

AVTO1429. In the greenhouse, F1 hybrid from cross Roma VF x AVTO1424 showed the 

lowest bacterial wilt severity score of 1.3 followed by BC2 at 1.7 and P2 (AVTO1424) at 1.9. 

Roma VF (P1) recorded the highest severity score of 3.9 followed by BC1 at 3.0. P2 and F1 

recorded significantly lower severity score of 0.9 in the greenhouse as observed in the sick plot. 

Similarly, P1 had the highest severity score of 4.5. F1 and F2 hybrid showed the lowest bacterial 

wilt severity score of 2.3 which was not significantly different from the severity score observed 

in BC1, BC2 and P2 (Valoria select). However, P1 (Roma VF) showed significantly higher 

severity score of 4.8 compared to other generations.  

The 4 scaling tests were highly significant at (P≤0.01) in all the crosses (Table 5.46). There 

were significant additive x dominance effects, dominance x dominance effects and additive x 

additive interaction for bacterial wilt inheritance. Significance of the 4 scale tests necessitated 

computation of components of means by 6-parameter model. From analysis of gene effects, 

there was significant additive effects of 1.337** (Roma VF x AVTO1429) and -0.557** (Roma 

VF x Valoria select) as shown by Table 5.46. All the crosses showed significant dominance 

effects, additive x additive, additive x dominance and dominance x dominance interaction at 

(P≤0.01).   
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Table 5. 43: Bacterial Wilt Severity Score in four crosses recorded for five weeks 

Source df week 1 week 2 week 3 week 4 week 5 

Roma VF x AVTO1429 

Replicate 2 1.3412 0.8548 0.576 0.2423 0.156 

Generation 5 0.6719** 2.1088** 3.2720** 5.6443** 6.6873** 

Sites 1 1.1378* 2.8470** 3.2371** 2.9279** 3.4844* 

Generation x Sites 5 0.0818 0.2142 0.1918 0.2346 0.1867 

Residue 22 0.1136 0.1651 0.175 0.1887 0.2773 

Roma VF x AVTO1424 

Replicate 2 0.8104 0.6826 0.0498 0.2381 0.4572 

Generation 5 0.2927 0.7878** 1.7826** 3.7087** 6.8623** 

Sites 1 0.0001 0.169 0.1186 0.0278 0.0011 

Generation x Sites 5 0.0031 0.1717 0.1323 0.2112 0.2334 

Residue 22 0.069 0.0974 0.1482 0.1328 0.1708 

Roma VF x AVTO1314 

Replicate 2 1.3053 1.3823 0.1842 0.1431 0.0594 

Generation 5 1.9186** 4.1500** 7.3936** 12.8713** 13.0328** 

Sites 1 0.5216 0.3468 0.5878 0.7901 1 

Generation x Sites 5 0.1219 0.1376 0.2059 0.172 0.2225 

Residue 22 0.1569 0.1371 0.1791 0.3042 0.365 

Roma VF x Valoria select 

Replicate 2 1.077 1.4693 0.4559 0.0657 0.0242 

Generation 5 0.3256* 0.7267* 1.2592** 2.0754** 4.2303** 

Sites 1 1.3872** 1.5764* 3.2801** 4.0446** 2.8900* 

Generation x Sites 5 0.0737 0.212 0.3095 0.3794 0.0814 

Residue 22 0.1135 0.1606 0.1521 0.2064 0.2402 

Sites were Kabete greenhouse and Sick plot at Kirinyaga County during long seasons, 2019. *, ** 

Significant at 5 and 1 percent probability levels, respectively.
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Table 5. 44: Bacterial wilt severity score for six tomato generations in four crosses recorded for five weeks at Kabete Greenhouse and Sick 

plot at Kirinyaga County, 2019 

Generation 

Week 1 Week 2 Week 3 Week 4 Week 5 

Green

house 

Sick 

Plot Mean 

Green

house 

Sick 

Plot Mean 

Green

house 

Sick 

Plot Mean 

Green

house 

Sick 

Plot Mean 

Green

house 

Sick 

Plot Mean 

Roma VF x AVTO1429 

P2 0.07 0.09 0.08 0.13 0.24 0.19 0.36 0.60 0.48 0.58 0.84 0.71 0.80 1.11 0.96 

P1 0.58 1.33 0.96 1.18 2.33 1.75 2.04 3.18 2.61 2.96 4.09 3.52 3.64 4.69 4.17 

F1 0.31 0.67 0.49 0.56 1.33 0.94 1.00 1.89 1.44 1.53 2.56 2.04 2.00 3.04 2.52 

F2 0.00 0.33 0.17 0.33 1.00 0.67 1.00 1.33 1.17 1.67 2.00 1.83 2.00 2.33 2.17 

BC1P1 0.00 0.33 0.17 0.33 0.67 0.50 0.67 1.33 1.00 1.33 1.67 1.50 2.00 2.67 2.33 

BC1P2 0.00 0.33 0.17 0.00 0.33 0.17 0.67 1.00 0.83 1.00 1.33 1.17 1.67 2.00 1.83 

Mean 0.00 1.00 0.00 0.00 1.00 1.00 1.00 2.00 1.00 2.00 2.00 2.00 2.00 3.00 2.00 

CV (%) 52.80 53.60 99.20 43.30 39.00 37.90 47.00 15.90 17.70 27.40 15.00 24.20 24.90 11.90 22.60 

LSD (P≤0.05) 0.30 0.50 0.60 0.70 0.70 0.70 0.80 0.05 0.70 0.80 0.60 0.70 0.90 0.60 0.90 

Roma VF x AVTO1424  
P2 0.00 0.00 0.09 0.47 0.13 0.30 0.87 0.44 0.66 1.51 0.84 1.18 1.89 1.18 1.53 

P1 1.00 1.00 0.62 1.22 1.24 1.23 2.00 2.02 2.01 2.93 3.09 3.01 3.89 4.29 4.09 

F1 0.00 0.00 0.19 0.33 0.47 0.40 0.58 0.67 0.62 0.89 1.07 0.98 1.27 1.31 1.29 

F2 0.00 0.00 0.33 0.67 1.00 0.83 1.00 1.33 1.17 2.00 2.00 2.00 2.00 2.33 2.17 

BC1P1 0.00 0.00 0.33 0.67 0.67 0.67 1.33 1.67 1.50 2.00 2.33 2.17 3.00 3.00 3.00 

BC1P2 0.00 0.00 0.00 0.00 0.67 0.33 0.67 1.00 0.83 1.00 1.33 1.17 1.67 1.67 1.67 

Mean 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00 

CV (%) 106.50 99.80 99.50 56.70 46.20 49.70 28.80 35.50 34.00 9.50 25.40 20.80 15.40 20.00 18.00 

LSD (P≤0.05) 0.05 0.50 0.40 0.60 0.60 0.50 0.60 0.80 0.70 0.30 0.80 0.60 0.60 0.80 0.70 

Roma VF x AVTO1314  
P2 0.07 0.09 0.08 0.13 0.22 0.18 0.33 0.49 0.41 0.56 0.84 0.70 0.91 1.24 1.08 

P1 1.22 1.67 1.44 1.93 2.69 2.31 2.78 3.56 3.17 3.80 4.69 4.24 4.53 4.96 4.74 

F1 0.07 0.04 0.06 0.16 0.16 0.16 0.38 0.31 0.34 0.60 0.53 0.57 0.91 0.82 0.87 

F2 0.00 0.00 0.00 0.67 0.67 0.67 1.00 1.00 1.00 1.67 1.67 1.67 1.67 2.00 1.83 
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BC1P1 0.33 1.00 0.67 1.33 1.33 1.33 1.67 2.33 2.00 2.67 3.00 2.83 2.67 3.67 3.17 

BC1P2 0.00 0.33 0.17 0.33 0.67 0.50 0.67 0.67 0.67 0.67 1.00 0.83 1.67 1.67 1.67 

Mean 0.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00 

CV (%) 91.90 83.60 0.70 48.50 38.10 43.20 44.50 25.40 33.50 38.50 24.00 30.50 31.50 25.70 27.10 

LSD (P≤0.05) 0.60 0.80 82.10 0.70 0.70 0.60 0.90 0.60 0.70 1.20 0.90 0.90 1.20 1.10 1.00 

Roma VF x Valoria select 

P2 0.00 1.00 0.47 1.00 1.24 1.02 1.31 2.04 1.68 1.82 2.80 2.31 2.33 3.13 2.73 

P1 1.00 1.00 0.83 1.00 1.87 1.53 1.82 2.64 2.23 2.87 3.73 3.30 3.98 4.82 4.40 

F1 0.00 0.00 0.26 1.00 0.58 0.54 0.96 1.02 0.99 1.49 1.67 1.58 1.91 2.33 2.12 

F2 0.00 0.00 0.18 1.00 1.00 0.83 1.00 1.33 1.17 2.00 2.00 2.00 2.00 2.33 2.17 

BC1P1 0.00 1.00 0.33 1.00 0.67 0.67 1.00 1.33 1.33 1.67 2.33 2.00 2.33 2.67 2.50 

BC1P2 0.00 1.00 0.33 0.00 1.33 0.83 0.67 2.00 1.17 1.33 2.67 2.00 2.33 3.00 2.67 

Mean 0.00 1.00 0.00 1.00 1.00 1.00 1.00 2.00 1.00 2.00 3.00 2.00 2.00 3.00 3.00 

CV (%) 93.90 62.10 84.20 70.30 28.70 44.30 32.80 23.40 27.30 27.50 16.80 20.70 21.90 15.60 17.70 

LSD (P≤0.05) 0.50 0.70 0.60 0.90 0.60 0.70 0.70 0.70 0.07 0.90 0.80 0.80 1.00 0.90 0.80 

 

 

Table 5. 45: Scaling test for bacterial wilt Severity 

  Roma VF x AVTO1429 Roma VF x AVTO1424 Roma VF x AVTO1314 Roma VF x Valoria select 

 df Scale 

S.E 

(Expectations) t (Scale/S.E) Scale 

S.E 

(Expectations) t (Scale/S.E) Scale 

S.E 

(Expectations) t (Scale/S.E) Scale 

S.E 

(Expectations) t (Scale/S.E) 

A 9 2.03 0.906 2.241** -0.62 0.412 -1.505** -0.73 0.721 -1.012** 0.43 0.648 0.664** 

B 9 -0.18 0.52 -0.346** -0.52 0.592 -0.878** -1.39 0.557 -2.496** 0.07 0.6 0.117** 

C 20 1.49 0.985 1.513** -0.48 0.86 -0.558** 0.24 1.063 0.226** 1.1 0.872 1.261** 

D 24 0.18 0.424 0.425** -0.33 0.283 -1.166** -1.18 0.539 -2.189** -0.3 0.361 -0.831** 

*, ** Significant at 5 and 1 percent probability levels, respectively. 

 

 

 



217 
 

Table 5. 46: Components of Means for Bacterial wilt severity 

  Roma VF x AVTO1429 Roma VF x AVTO1424 Roma VF x AVTO1314 Roma VF x Valoria select 

Components 

(gene effects) Df 

expectation/

estimate S.E 

t(compon

ents/S.E) 

expectation

/estimate S.E 

t(compon

ents/S.E) 

expectation/

estimate S.E 

t(compon

ents/S.E) 

expectation/

estimate S.E 

t(compone

nts/S.E) 

Mean 14 2.167 0.1 21.67NS 2.167 0.1 21.67NS 1.833 0.2 9.165NS 2.167 0.1 21.67NS 

Additive effects 10 0.5 0.374 1.337** 1.333 0.2 6.665NS 1.5 0.361 4.155NS -0.167 0.3 -0.557** 

Dominance 

effects 30 -0.376 1.387 -0.271** -0.856 0.682 -1.255** 0.292 1.133 0.258** 0.222 0.819 0.271** 

Additive x 

Additive 

interaction 24 -0.336 0.849 -0.396** 0.666 0.566 1.177** 2.336 1.077 2.169** 1.666 0.721 2.311** 

Additive x 

Dominance 

Interaction 14 -2.211 0.81 -2.73** 0.11 0.548 0.201** -0.666 0.806 -0.826** -2.001 0.775 -2.582** 

Dominance x 

Dominance 

Interaction 30 2.171 1.792 1.211** -1.8 1.175 -1.532** -4.448 1.792 -2.482** -0.623 1.483 -0.42** 
NS- Not significant and *, ** Significant at 5 and 1 percent probability levels, respectively. 
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5.5 Discussion 

Days to 50% flowering 

The offspring derived from the cross-combination Roma VF x AVTO1429 were earlier 

maturing compared to the better parent AVTO1429 except the backcross F₁ x AVTO1429. 

Earliest maturing offspring was the F₁ hybrid Roma VF x AVTO1429 F₁. The better parent 

heterosis for the earliest maturing offspring (F₁ hybrid) for days to 50% flowering was -5.72%. 

Negative heterosis is desirable for days to 50% flowering and maturity because variety with 

negative heterosis to their better parent matures earlier.  

From the 6-parameter model days to 50% flowering is controlled by dominance gene effects 

(2.69**) and the interactions of additive x additive effects (5.24**) and dominance x 

dominance interactions (-4.49**). Similar findings were documented by Goffar et al., (2016) 

after crossing a 9 x 9 half diallel in Gazipur, Bangladesh. They reported that, out of the thirteen 

characters studied including the number of flowers per cluster, individual fruit weight, fruit 

breadth, number of locules and number of seeds per fruit followed the simple additive-

dominance genetic model. Other characters studied including days to 50% flowering non-

allelic gene interaction or epistasis. P6 had most of the dominant genes for both number of 

flowers/cluster and number of locules, while P3 contained most dominant genes for individual 

fruit weight and P5 possessed that for both fruit breadth and the number of seeds per fruit. 

Plant height at 50% flowering (cm) 

The offspring derived from the cross-combination Roma VF x AVTO1429 were significantly 

taller compared to the better parent AVTO1429. Tallest offspring was the backcross, F1 x 

AVTO1429 BC₁P₁. The better parent heterosis for plant height at 50% flowering was 5.28%. 

Positive heterosis is desirable for plant height, especially for indeterminate growth habit. From 

the 6-parameter model the combined gene effects (10.85) was higher than the interaction 

components (0.85) put together (Table 5.34). Plant height at 50% flowering was controlled by 

main gene effects (additive, 4.03** and dominance, 6.82** effects) and additive x additive 

(3.86**) and dominance x dominance interactions (-4.35**). Similar findings on documented 

by Goffar et al., (2016) after crossing a 9 x 9 half diallel in Gazipur, Bangladesh. They reported 

unidirectional and significant difference between mean of hybrids and mid parental value for 

plant height. Gul, (2011), also reported significant fully adequate additive dominance model 

for plant height and number of fruits per plant. 

Studies by Tasisa et al., (2017) using a 7 x 7 half diallel mating design failed to establish the 

additive-dominance gene effects in their experiment in Ethiopia. From their experiment, 
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additive-dominance gene interactions were noted in tomato fruit shape index and acidity that 

can be titrated. The reason for the reported additive and dominance gene effects in most traits 

studied was the failure to identify parents with sharply contrasting traits. The parents used 

included Marglobe, Roma VF and Esthete. 

Plant height (cm) 

The offspring derived from the cross-combination Roma VF x AVTO1429 were taller 

compared to the better parent AVTO1429. Tallest offspring was the backcross, F1 x 

AVTO1429 BC₁P₁ followed closely by backcross F₁ x Roma VF BC₁P₂. The better parent 

heterosis for plant height at 50% flowering was 9.5%%. Positive heterosis is desirable for plant 

height, especially for indeterminate growth habit. From the 6-parameter model the combined 

gene effects (13.93) was higher than the interaction components (1.04) put together (Table 

5.35). Analysis of six parameter models shows all gene effects for final plant height to be highly 

significant. Interaction components of gene put together were lesser than the combined main 

effects. Evaluation of genetic inheritance in Shaanix, China by Thainukul et al., (2017) using 

six generations (P1, P2, F1, F2, BC1P1 and BC1P2) from a cross between X604-1(P1) with 

indeterminate growth habit and the immature fruit have a green shoulder with tomato 

TTD302A (P2) determinate growth habit without the green shoulder. The results showed 

significant gene effects of all plant characters that included plant height, number of branches 

per plant, days to 50% flowering, number of flowers per cluster, number of fruits per cluster 

and average fruit weight. 

Inter truss spacing (cm) 

The offspring’s derived from the cross-combination Roma VF x AVTO1429 had higher inter 

truss spacing compared to the better parent AVTO1429 (Table 5.11). Offspring with the 

smallest inter truss spacing was the F₂, followed closely the F₁. Heterosis for inter truss spacing 

was 6.2%. From the 6-parameter model, the combined gene effects (3.0) was lower than the 

interaction components (6.26) put together (Table 5.35). Inter truss spacing was controlled by 

the dominance of gene effects and the interaction components of the dominance x dominance 

effects. Similar studies were conducted by Sun, Xiao-Rong et al., 2019 to determine internode 

length using multi-generation joint analysis of major genes plus the polygene model. Crosses 

families were derived from Heinz1706 (medium internode) × P502 (long internode) and P1609 

(short internode) × P502 crosses. The heritability for major genes was in the range of 34.33% 

to 78.16% in BC₁P₁, BC₁P₂ and F2 populations, and for polygene 1.92% to 24.50%. 
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The study concluded that internode length is controlled by the major gene and needs early 

selection in the pedigree selection. 

Number of trusses per plant 

The offspring’s derived from the cross-combination Roma VF x AVTO1429 had a higher 

number of trusses per plant compared to the better parent Roma VF (Table 5.13). Offspring 

with the smallest number of trusses per plant backcross F₁ x Roma VF BC₁P₂, followed closely 

BC₁P₂. The better parent heterosis for the number of trusses per plant was 18.5%. From the 6-

parameter model, the combined gene effects (-3.76) were lower than the interaction 

components (-3.16) put together (Table 5.36). The number of trusses per plant was controlled 

by major dominance gene and the additive x additive interaction of polygenes. Similar studies 

were conducted by Goffar et al., (2016) when they set a 9 x 9 half diallel in Bangladesh to 

determine the inheritance of yield and yield components in tomato. The deduction was that 

additive and dominant components of genes are important in the plant characters.  

Total soluble sugars (Brix) 

Two offspring derived from the cross-combination Roma VF x AVTO1429 had higher total 

soluble sugars compared to the better parent AVTO1429 (Table 5.15). Offspring with the 

smallest total soluble sugars were backcross F₁ x Roma VF BC₁P₂, followed closely by F₁. From 

the 6-parameter model the combined gene effects (4.69) was higher than the interaction 

components (1.53) put together (Table 5.37). Heterosis for total soluble sugars was -7.3%. 

Total soluble sugars were controlled by major dominant genes and interactions of additive and 

dominance effects. Similar results were documented by Akhtar et al., (2013) in their study of 

nature of gene action for fruit quality characters of tomato using 7 x7 half diallel and six 

generations per cross population. The study was undertaken in West Bengal, India and after 

analysing the 6-parameters model noted effects of major genes and polygenes effects in the 

inheritance of quality characters including total soluble solids in tomato. 

Number of fruits per plant 

Three offspring derived from the cross-combination Roma VF x AVTO1429 had a higher 

number of fruits per plant compared to the better parent Roma VF (Table 5.17). Offspring with 

the smallest number of fruits per plant were backcross F₁ x Roma VF BC₁P₁, followed closely 

by BC₁P₂. Better parent heterosis for the number of fruits per plant was 23.1%. From the 6-

parameter model, the combined gene effects (-9.55) was lower than the interaction components 

(-4.93) put together (Table 5.38). The number of fruits per plant is controlled by additive (-
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4.33**) and dominant (-5.24**) gene effects together with interactions from the polygenes, 

additive x additive (-7.45**) and the dominance x dominance (4.29**) effects. Studies by 

Thainukul et al., (2017) on six generations from cross-combination X604-1(P₁) and TTD302A 

(P₂) revealed importance influence of additive and dominant gene effects in fruits traits and 

yields in tomato. 

Yield per plant (kg) 

All the offspring derived from the cross-combination Roma VF x AVTO1429 had higher yield 

per plant compared to the better parent Roma VF (Table 5.19). Offspring with the smallest 

yield per plant were backcross F₁ x Roma VF BC₁P₁, followed closely by BC₁P₂. Better parent 

heterosis for yield per plant was 18.7%. From the 6-parameter model the combined gene effects 

(-0.64) was higher than the interaction components (-1.75) put together (Table 5.38). The 

current study was contrary to the findings of Goffar et al., (2016) who used 9x9 half diallel to 

study the inheritance of yield and yield components in tomato. In their study yield was 

attributed to the additive-dominance genetic model.  

Bacterial wilt Incidence and Severity 

Results revealed that genotypes AVTO1429 (37.78%), AVTO1424 (26.67%) and AVTO1314 

(26.67%) recorded the lowest bacterial wilt incidence and severity score. This was because the 

genotypes are known to have gene for resistance to bacterial wilt (Fufa et al., 2009). Similar 

findings have been reported by AVRDC, (2017) that genotype AVTO1429, AVTO1424 and 

AVTO1314 have gene for resistance to bacterial wilt. Roma VF (P1) which is a bacterial wilt 

susceptible genotype, showed significantly higher bacterial wilt incidence and severity 

compared to other generations in all crosses. It was observed that F1 hybrid in cross Roma VF 

x AVTO1424, Roma VF x AVTO1314 and Roma VF x Valoria select recorded the lowest 

disease incidence of 33.33, 22.22 and 57.78%. This was also observed for bacterial wilt severity 

score in the named crosses. Similarly, BC2 recorded a significantly lower disease incidence and 

severity score compared to F2 hybrids, BC1 and P1 in all crosses. 

Significant expression of additive component detected in the current study suggested that 

bacterial wilt resistance may be incorporated in tomato genotypes because the additive 

component can be fixed by selection. These findings are similar to those reported by Neto et 

al. (2002) that expression of the additive component was approximately four times greater than 

the dominant component in their study on inheritance of bacterial wilt resistance in Brazil. 

Similarly, da Silva Costa et al. (2018), reported that inheritance of resistance of Ralstonia 
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pseudosolanacearum in tomato involves two major genes with segregation independent of 

additive effects only, plus polygenes with additive and dominance effects at Federal Rural 

University of Pernambuco. 

Computation of gene effects revealed significant additive effects in Roma VF x AVTO1429 

(1.941**) and Roma VF x Valoria select (1.925**). In addition, all the crosses showed 

significant dominance effects, additive x additive, additive x dominance and dominance x 

dominance interaction. The additive and dominance model explained the variation among the 

generation means. Moreover, significance of the scaling tests observed in all the crosses 

revealed the presence of epistatic effects for bacterial wilt resistance trait studied. Similar 

findings were reported by Acharya et al. (2018) that significance of scaling tests in their study 

revealed the involvement of duplicate epistasis for inheritance pattern for tolerance to bacterial 

wilt disease in tomato in India. The findings of presence of epistatic effects in the current study 

are contrary to those reported by Neto et al. (2002), who reported that there was no evidence 

of significant epistatic gene action from the estimate of bacterial wilt resistance trait. 

Results from the scale test with 6-parameter model revealed that genes showing additive 

genetic effects predominantly control genetic resistance to bacterial wilt, although there may 

also be some dominance. Similarly, Mualida et al. (2019), also reported that based on the 

combined scale test method with 3-parameters, m, d and h showed that the additive-dominant 

concept was completed and that controlling the resistance to bacterial wilt was influenced by 

additive gene (d) and dominant gene (h). 

5.6 Conclusion 

Desirable agronomic traits of tomato despite being influenced by many genes, environment 

significantly contribute to their expression. For the four crosses, significant traits like days to 

50% flowering, plant height at 50% flowering, final height, inter trusses spacing and the 

number of trusses per plant that contribute to desirable yields are influenced by the 

environment. Therefore, traits of days to 50% flowering, final plant height, and the number of 

trusses per plant from cross Roma VF x AVTO1314 were significantly influenced by the 

environment. Genotypes AVTO1429, AVTO1424 and AVTO1314 showed significantly lower 

bacterial wilt incidence and severity than Roma VF and Valoria select. This showed that the 

genotypes had genes for resistance to bacterial wilt and hence are valuable parental lines that 

can be used in a breeding program. There was significantly lower bacterial wilt incidence and 

severity in the F1 hybrid and BC1. Therefore, the action of bacterial wilt resistance was 

controlled by additive-dominance effects. Understanding the gene effects is important in 
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estimating the contribution of major gene effects and polygenes for selection of high-yielding 

tomato genotypes. However, this is complicated due to occurrence of duplicate epistasis for 

yield and yield related traits. Contribution of both parents in the subsequent generations 

(offspring) is vital in developing a breeding for a particular trait. Significant increase of yield 

per plant in comparison to parental genotypes was registered in F1 and F2 generation of all 

crosses. In addition, P2, F1 and F2 hybrids and BC₁P2 of cross Roma VF x AVTO1429 had the 

highest yields and recorded the highest fruit firmness. Therefore, cross family Roma VF x 

AVTO1429 has great potential for further breeding.  
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CHAPTER 6  

Heterosis And Combining Ability for Fruit Yield and Yield Related Traits in Tomato 

6.0 Abstract 

Understanding heterosis and combining ability patterns of tomato genotypes is important in 

designing hybrid tomato breeding program. Yields of tomato (Solanum lycopersicum) in Kenya 

has continued to decrease due to biotic stresses especially bacterial wilt (Ralstonia 

solanacearum), fungal diseases, nematodes, tomato yellow leaf curl and reliance on low 

yielding susceptible varieties such as UC82, Roma VF, Cal J and Rio Grande. These problems 

stem from lack of a local breeding program to develop better performing varieties suitable for 

fresh market and processing. The objectives of this study were to: i) determine heterosis and 

combining ability for fruit yield and yield components in ten tomato lines; ii) selecting F1 

hybrids with high fruit yield and other market demanded traits, and iii) develop segregating F2 

populations for further breeding. The parental lines included three breeding lines obtained from 

World Vegetable Centre (WVC)-Taiwan, four locally grown open pollinated commercial 

varieties, and three lines selected by tomato growers in central Kenya. The F1 hybrids were 

developed after closing 10 parents’ lines in a 10×10 diallel mating design excluding the 

reciprocals. The F1 and their parents were evaluated at Kabete Field Station and Mwea 

Research Station of Kenya Agricultural and Livestock Research Organization (KALRO), 

Kirinyaga County in 2017 and 2018. Data was recorded on days to flowering, days to maturity, 

fruits per truss, fruits diameter, fruit length, fruits per plant, number of locules per fruit and 

average weight of fruit. The data was subjected to analysis of variance using GenStat 15th 

edition. Means were separated using Fisher’s protected least significant difference (LSD) at 5 

and 1 percent probability levels.  

Results showed significant differences (P<0.05) for duration to 50% flowering, maturity, fruit 

diameter, fruit length, average fruit weight, number of fruits per plant, number of trusses per 

plant and fruit yield among the F1 and their parents. Out of 45 F1 hybrids evaluated, 89% had 

reduced (negative heterosis) days to 50% flowering and 11 percent matured earlier compared 

to the early maturing parents. Higher heterosis of -9% was on days to flowering by AVTO1429 

x Cal J VF and -5% heterosis for maturity days by Roma VF x AVTO1314. All the F1 hybrids 

showed heterosis for number of trusses per plant which varied from 146% (Cal J x Danny 

select) to 359% (Cal J x AVTO1314) compared to better parent. F1 hybrid with the highest 

heterosis was AVTO1424 x UC82 which had 20% for plant height, AVTO1314 x Valoria select 
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and AVTO1314 x Rio Grande which had 50% heterosis for vigour. F1 hybrid Roma VF x Cal 

J had the highest positive total soluble sugar of 8.03% compared to better parent. Eden select 

x Valoria select had the highest number of seeds per fruit of 15.11% compared to better parent. 

AVTO1429 x AVTO1314 had the highest heterosis for yield of 114.39% followed by 

AVTO1424 x UC82 at 88%. The highest yielding hybrids, however, were Roma VF x UC82 

(67 t ha-1) followed by Roma VF x AVTO1429 (63 t ha-1). The results showed highly 

significant difference among the ten genotypes for the general combining ability effects of all 

the trait except for pericarp thickness. In addition, there was highly significant difference for 

specific combining ability effects (male x female) of all traits except for single leaf width, stem 

girth, pericarp thickness and fruit diameter at P≤0.01. The environment had no significant 

effects on combining ability. Traits with significant additive gene action were days to flowering 

and maturity, number of branches per plant, number of locules per fruit, number of trusses per 

plant, total soluble sugars, fruit firmness and tomato yield. In contrast, traits with significant 

non-additive gene action were plant height, leaf length and width, leaf area, fruit length and 

diameter, stem girth and weight of 100 seeds. Gene action is an important aspect in developing 

tomato breeding program. 

Key words: Combining ability, heterosis, fruit traits, tomato 

6.1 Introduction 

Hybrid breeding offers a huge potential to improve productivity of tomatoes in Kenya. 

Presence of adequate heterosis is a pre-requisite for breeding tomato hybrids (Brajendra et al., 

2012). Breeding for tomato hybrids and production of hybrids seeds is gaining popularity in 

many programs globally (Rakha and Sabry, 2019). Examples of such breeding programs in 

Africa include Afrisem, a collaborative effort of East-West and RijkZwaan in Arusha, Tanzania 

(Emana et al., 2014). In addition, the World Vegetable Centre (WVC) in Taiwan and its 

regional centre for Africa, based in Arusha in collaboration with the Horticultural Research 

and Training Institute (HORTI- Tengeru) have released four tomato cultivars (Tanya, Tenguru, 

Kiboko and Meru) with gene for resistance to late blight (Fufa et al., 2009). Recently, the 

World Vegetable Centre has released elite lines AVT01424, AVT01429 and AVT01314 with 

genes for resistance to bacterial wilt and tomato yellow leaf curl disease (TYLCD) from their 

repository (AVRDC, 2017).  

Heterosis in tomatoes is mainly exhibited through hastened growth and development, early 

maturity, increased vigour, yield and resistance to biotic and abiotic stresses but can also result 

in lateness to maturity (Yordanov, 1983). Heterosis levels of local varieties in Kenya which is 
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pre-requisite for the development of new disease resistant hybrid varieties is not known. 

Combining ability in breeding means the relative ability of a genotype to transmit or transfer 

genetic superiority to its offspring’s when crossed with other individuals (Costa et al., 2018). 

Combining ability provides valuable information to breeders on the genetic potential of 

parental lines and development of hybrid varieties (Troyer, 2006).  It also provides information 

on gene effects which can also be used in developing an effective breeding strategy (Costa et 

al., 2018). Tomato (Solanum lycopersicum) is cultivated worldwide since its domestication in 

the Andean region of Bolivia, Chile, Colombia, Ecuador, and Peru (Rick and Holle, 1990).  In 

Kenya, early Europeans brought tomato seeds when they arrived at the Kenyan shores in the 

16th Century and has continued to attract interest of smallholder growers for more than five 

decades (Athertonand and Rudich, 1986).  

Tomato is among the highly consumed vegetables ranked as number one by Kenya Agricultural 

and Livestock Research Organisation (Mbaka et al., 2013). Tomato is cultivated on 0.4 million 

hectares in Kenya, which produces about 280, 000 tonnes annually against an increasing 

demand of 300,000 tonnes (FAOSTAT, 2017).  This increase in the demand for tomatoes is 

partly due to population growth and changing lifestyles associated with urbanization. The total 

population in Kenya in 1999 was 29 million, 39 million in 2009 and has risen to nearly 48 

million in 2019 (KNBS, 2019). Tomato consumption per capita has increased over the same 

period. Studies have shown that in 2018 only, the consumption per capita was 8.5kg which was 

41.7% increase from 2017 (KNBS, 2019).  Fufa et al., (2009) suggested that every homestead 

in sub-Saharan Africa uses at least one fruit of tomato per day in numerous dishes or processed 

foods making it a dietary staple food. Despite the growing demand for tomato, yields have 

declined from 20 t ha-1 in 2012 to 18.7 t ha-1 in 2016 (FAO, 2017). The yield decline has been 

associated with use of outdated varieties that are susceptible to biotic and abiotic stresses, loss 

of soil fertility and disease build up due to continuous cropping (Sigei et al., 2014).  Kenyan 

farmers rely on expensive imported seed due to lack of local breeding programs (Mwangi et 

al., 2020). Moreover, some of the imported varieties are poorly adapted to local conditions.  In 

some cases, farmers have made local selections such as Valoria FS, Eden FS and Danny FS 

from popular varieties. Other varieties such as Rio Grande, Roma VF, UC 82 and Cal J VF 

have farmer and consumer preferred traits which can be exploited in developing improved 

varieties with higher levels of resistance to major diseases such as bacterial wilt and better fruit 

attributes including shelf life (Ochilo et al., 2019). 
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Tomato fruits are consumed fresh in salads or cooked in sauces, soup and meat or fish dishes 

(Bose et al., 2002). They can be processed into puree, jam, paste, powder, juices, and tomato 

sauce. Canned and dried tomatoes are economically important processed products (Ochilo et 

al., 2019). Tomato breeding has received little research attention in Kenya (Munyi and De 

Jonge, 2015). There is scanty documented effort on tomato improvement in Kenya. Recently, 

the Kenya Climate Smart Agriculture project on inventory of tomato technologies, innovations, 

and management practices (KCSAP, 2019). This project was done by various institution such 

as KALRO, Jomo Kenyatta University (JKUAT), Simlaw seeds Co. Ltd, among others. 

Tomato improvement program is therefore a priority of farmers and processors. 

Tomato growers expect high performing, locally adapted varieties with market demanded 

traits. Seeds merchants including commercial private and public companies in East Africa have 

not allocated resources towards tomato breeding programs leaving a big gap on crop 

improvement initiatives (Fufa et al., 2009). As a result, all commercial tomato seeds in Kenya 

are imported and expensive to resource poor farmers. Most of the available commercial 

varieties are low yielding, have short shelf-life and are susceptible to widely prevalent diseases 

such as bacterial wilt (Ochilo et al., 2019). The only tomato breeding program in the East 

African region is the World Vegetable Centre program centred in Arusha, Tanzania started in 

1993 (Fufa et al., 2009). The objective of this program was to address local challenges 

especially diseases, fruit yield and fruit quality attributes and to evaluate varieties bred in 

Tanzania for possible introduction in East Africa before starting breeding programs in the 

region. Through this program several varieties with resistance to late blight, Fusarium wilt, 

nematodes and tomato mosaic virus were released in 2007 namely Tengeru97, Tanya, Meru 

and Kiboko. Tanya and Tengeru were introduced in Kenya in 2006 by East African Seeds 

Company (Fufa et al., 2009). However, these two varieties have not been widely adopted in 

Kenya.  

There are tomato breeding programs that are currently being developed such as the 

collaborative tomato improvement program between UON and Continental Seed Company 

which started in 2017. Continental Seed Company offers financial support to one student, for 

a Master of Science degree in plant breeding and biotechnology (Continental seeds, 2016). In 

addition, the company offers financial support for research that include the current study on 

tomato improvement through breeding with the view of acquiring expertise to start tomato 

breeding program and to develop affordable hybrid tomato varieties with traits preferred by 

farmers and consumers. In the collaboration, the University of Nairobi provided physical 



228 
 

facilities for tomato breeding research and supervision of the work by breeding experts to 

ensure quality work. It is therefore important to understand the combining ability and heterosis 

for yield and yield related traits in local and introduced tomato lines and their F1 hybrids. The 

objectives of this study were to: i) determine heterosis and combining ability for fruit yield and 

yield components in ten tomato lines; ii) select F1 hybrids combining high fruit yield, and other 

market demanded traits, and iii) develop segregating F2 populations for further breeding. 

6.2 Material and methods 

6.2.1 Experimental site 

The experiment was organized in two stages. The first stage was hybridization of 10 parental 

lines in half diallel mating design (excluding reciprocals) at Kabete Field Station, University 

of Nairobi, in 2017. Second stage was field evaluation of 45 F1 and their parents in 2018 at 

Kabete Field Station, University of Nairobi and Mwea Research Station of Kenya Agricultural 

and Livestock Research Organization (KALRO) in Kirinyaga County. 

Kabete Field Station is located at 01°15’S; 036°44’E and at 1820 masl which is agro- ecological 

zone (AEZ) III. The region has a bimodal rainfall of 1059 mm per year distributed in two 

seasons which are the long rain (March to May) and short rains (October to December). The 

temperatures range from 12.3°C to 22.5°C (Lengai, 2016). The soils at Kabete site are humic 

nitisols that are deep and well-drained with a pH of about 5.0 to 5.4 (Lengai, 2016). 

The Mwea Research Station site located in Kirinyaga County which is located at agro- 

ecological zone II. The Mwea Research station lies on latitude 0 37’S and Longitude 37 20’ E 

at an elevation of 1159m above sea level (ASL). The average rainfall is about 850mm annually, 

temperature range of 15.6°C to 28.6°C and Niti- rhodic Ferralsols soils with a pH of about 5.1 

(Waiganjo et al., 2006: KARI, 2013).  

6.2.2 Plant materials 

Ten tomato genotypes were used in this study. They included three elite breeding accessions 

from the World Vegetable Centre (WVC) in Taiwan namely AVT01424, AVT01429 and 

AVT01314; four commercial cultivars sourced from Continental Seeds Company Limited (Rio 

Grande, Roma VF, Cal J VF and UC 82), and three selections (Eden, Danny and Valoria) from 

farmers in Kirinyaga County. The commercial varieties are pure lines with good marketable 

traits but lacking key agronomic traits and resistance to biotic stresses (Table 6.1). 

AVT01424, AVT01429 and AVT01314 are elite lines with bacterial wilt resistance from the 

repository of the World Vegetable Centre (AVRDC, 2017). AVTO1424 is semi-determinate 

line with bacterial wilt and TYLCD (Tomato yellow leaf curl disease) resistance. It is oblong 
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shaped with medium to large fruits. It has deep red internal colour due to crimson gene (ogc) 

which increases lycopene content, Ty3 and Mi-1 genes in coupling phase linkage for resistance 

to Tomato yellow leaf curl disease (AVRDC, 2017). AVTO1429 is indeterminate line that has 

bacterial wilt and TYLCD resistance gene with round, large fruits. (AVRDC, 2017). 

AVTO1314 is semi-determinate line with bacterial wilt and TYLCD resistance; It has round, 

medium sized fruits (AVRDC, 2017). However, the performance of these lines in Kenya is not 

known. 

Farmer local selection lines with preference attributes by farmers in central Kenya were: 

Valoria selection, a determinate line preferred by growers who claim it has bacterial wilt 

resistance, selection gives square oblong firm fruits and high yields. Eden selection, 

determinate line preferred by growers for high production of blocky fruits but susceptible to 

bacterial wilt disease. Danny selection, determinate line with high production of square blocky 

firm fruits with extended shelf life. The line is also claimed by farmers to have resistance to 

bacterial wilt disease. These selections require validation of claims by farmers and if, they need 

further genetic improvement or if they can be used as sources of genes to be used in the 

breeding programme. 

Table 6.1: Origins and some characteristics of the proposed parental lines 
Genotype Source Growth habit Fruit 

shape 

Bacterial wilt 

resistance 

Yield (t haˉ1) Reference 

AVTO1424 WVC Semi –determinate Oblong Resistant Unknown AVRDC, 2017 

AVTO1429 WVC Indeterminate Round Resistant Unknown AVRDC, 2017 

AVTO1314 WVC Semi – determinate Round Resistant Unknown AVRDC, 2017 

Rio Grande Seminis, 

Netherlands 

Determinate oval Susceptible 22.2 Ali et al., 2015  

Roma VF Samoa Islands Determinate oval Susceptible 21.8 Ali et al., 2015 

Cal J VF Griffaton, France Determinate oval Susceptible 4.8 Strakyres, 2014 

UC82 University of 

California 

Determinate oval Susceptible 5.2 Continental 

seeds, 2017 

Valoria FS Mwea, Kirinyaga 

County 

Determinate Square 

oblong 

Resistant Unknown Continental 

Seeds Company, 

2007 

Eden FS Mwea, Kirinyaga 

County 

Determinate Blocky Susceptible Unknown  Continental 

Seeds Company, 

2007 

Danny FS Mwea, Kirinyaga 

County 

Determinate Square 

blocky 

Yes Unknown Continental 

Seeds Company, 

2007 

World Vegetable Centre (WVC formerly Asian Vegetable Research and Development Centre 

(AVRDC), Tainan. 
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The accessions from World Vegetable Centre, Taiwan were used as sources of gene for 

bacterial wilt and tomato yellow leaf curl (TYLC) disease resistance (Fufa et al., 2009). 

However, they lack farmer’s preferred agronomic traits such as closed canopy to avoid fruit 

scotch by sun, high yield, long shelf-life to allow direct commercialization without further 

improvements (Fufa et al., 2009). 

The four commercial varieties (Rio Grande, UC82, Cal J and Roma VF) are pure lines with 

market demanded traits such as oval shape, long shelf life and marketable firm fruit (Table 

6.1). However, they lack resistance to bacterial wilt disease which constrain production in wilt 

infested fields in Central Kenya especially in Mwea, Kirinyaga County. 

6.3 Methods 

6.3.1 Development of F1 hybrids 

Ten lines were sown in germination trays containing peat moss as planting media in August 

2017. Seedlings were transplanted after 28 days to a crossing block at Kabete Field Station, 

University of Nairobi after attaining pencil thickness. The parental crossing block was 2.4 m² 

x 2.4 m² with 10 plants planted at spacing of 60 cm x 60 cm within and between rows. 

Diammonium phosphate (DAP) at 12 g plant-1 plus 12 g plant-1 of N: P: K (17% nitrogen: 17% 

phosphorus: 17% potassium) was applied during transplanting. Recommended agronomic 

practices such as supplemental irrigation provided with drip system as necessary and spraying 

with chemicals were carried out to ensure healthy crop. Metalaxyl-M and propineb (700 g kg-

1) at the rate of 50g in 20 litres water was applied to control Pythium, early and late blight. 

Imidaclopride+betacyfluthrine100+45g L-1 at rate of 0.2 l ha-1 was applied every 7 days to 

control white flies. Thiamethoxam at 25ml in 20 litres water per week was used to control leaf 

miners. Manual cultivation was carried out to keep plots weed free and staking of seedlings 

with sticks and citric twine to provide support for the plant. 

6.3.2 Mating design and hybridization 

Crosses were made following procedures described by AVRDC (2001). The mating design was 

Griffing’s diallel, Method 2 (parents and F1's excluding reciprocals) to produce (p (p + 1) =2 

cross combinations (Griffin 1956b).  A total of 45 F1's were generated after hybridization 

(Figure 6.1). 
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Figure 6.1: Crossing block layout for Griffing Diallel Method 2 Mating design 

6.3.3 Preparation of Female parent 

The females were considered ready for emasculation when 2 to 3 flowers in an inflorescence 

were fully grown but before flower petals opened. This maximized the number and fruits 

uniformity in a cluster. Emasculation was carried out with aid of pointed forceps from 8 to 

11am when temperature in the field was in the range of 21-25°C and in the evening between 4 

to 6pm when temperature was in the range of 15-20°C. This temperature range is vital during 

emasculation because fruit set is affected at temperature exceeding 30° (AVRDC, 2001). 

Isolation distance of male and female parental lines was emphasized because tomatoes are self-

pollinating plant. The isolation distance was maintained by planting male plants three meters 

from female plants (Figure 4.4) (AVRDC, 2001). 

6.3.4 Preparation of male parent 

Anthesis in tomato flower starts from 6am and anther dehiscence peaks between 9am and noon 

(AVRDC, 2001). Pollen was harvested using modified electric toothbrush manufactured by 

VegiBee-Garden pollinators (model VBP-02) with a pollen collection cap (Figure 4.5). After 
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pollen harvesting the pollen was transferred in a well labelled modified syringe holder for 

pollinating the ready stigma (Figure 4.6). The pollen remains viable from 2 to 5 days at a 

temperature range of 18o to 25oC and the stigma becomes receptive 16 to 18 hours before 

anthesis and retains the receptivity up to 6 days after anthesis (Singh and Gill, 1982). The males 

were labelled with a waterproof tag containing the date of cross and the genotype.   

6.3.5 Pollination 

Pollination involved dipping the stigma into the pool of pollen in the pollen container. 

Successful pollination was visualized within one week of pollination by the enlargement of the 

fruit (Figure 4.7). Tomato stigma remains receptive for 16 hours before anthesis (AVRDC, 

2001). Therefore, pollination was carried out 2 to 3 days after anthesis. To maximize 

fertilization and fruit formation, pollination was performed during anthesis at temperatures of 

21°C to 23°C (Singh, 2004). After pollination, the cluster was labelled with a waterproof tag 

containing information of female, male and date of crossing.  About 2-3 sepals were removed 

after hybridization for distinguishing hand pollinated cluster from self’s during fruit harvesting 

(Figure 4.8). 

6.3.6 Harvesting fruits and seed processing 

The fruits were harvested manually upon turning red. The fruits were placed in a woven net 

and clearly labelled. Harvesting was carried out every week when fruits turned red or after 

attaining physiological maturity (Dias et al., 2006). Physiological maturity was essential for 

good seed germination. Eight fruits were hand crushed in a pail containing 1 litre of water and 

later transferred to second pail with a litre of water plus hydrochloric acid to remove mucilage 

surrounding the seeds (Figure 4.9). Seed extraction is achieved by mixing 10ml of 0.6 M 

hydrochloric acid in a litre of tomato pulp (Singh and Gill, 1982). The pulp and acid mixture 

were stirred continuously after every 15 minutes for 45 minutes and the supernatant drained.  

The seeds were washed with distilled water to remove extra debris from the pulp. The seeds 

were then sun dried for 3 days to a moisture content not exceeding 8 percent (Figure 4.10) 

following a modified protocol of Cheema et al., (2005). The dried seeds were packed in khaki 

paper envelopes before storage in cool, well-ventilated, and dry place (Figure 4.11). 

6.3.7 Field evaluation  

Ten parents and their 45 F1’s hybrids were sown in germination trays containing peat moss as 

planting media on 6th March 2018. 
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Figure 6. 2: Tomato seedlings at Kabete field glasshouse ready for transplanting March 2018 

These trays were obtained from Amiran Kenya Ltd and had 72 cells that were 4 cm deep and 

4.5cm wide. Two seeds were sown per cell and trays were placed on benches in a net-house. 

Excess seedlings were thin out when 2 true leaves appeared and only one seedling was kept 

per cell. Seedlings were sprinkled with water daily in hot weather and once every two days 

when the weather was cool to provide sufficient moisture for growth. Seedlings were hardened 

25 days after sowing when they had 4 true leaves by slightly reducing the water supply. In 

addition, the netting was removed to expose the seedling to strong sunlight to make them stocky 

and sturdy.  

Seedlings were thoroughly watered 12 hours before transplanting them in the field. Seedling 

were transplanted 35 days after seed sowing to well-prepared fields at Kabete Field Station and 

KALRO- Mwea on 8th April 2018 after attaining pencil thickness. Transplanting was done 

early in the morning to reduce the transplanting shock and plants were watered immediately 

after. The land was prepared by deep (45cm) ploughing the fields to improve the soil structure, 

water holding capacity and to achieve a fine tilth. Regular ridges that were 30 cm high and 25 

cm wide were made to raise the beds. The spacing between ridges in a plot was 25cm. At each 

site, experiments were laid out in a randomized complete block design with three replicates. A 

plot consisted of two 2.4 m rows with a population of 10 plants. Seedlings were planted in 

ridges spaced at 60cm.  
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Di-ammonium phosphate (DAP) at 12 g plant-1 and 12 g plant-1 of N: P: K (17% nitrogen: 17% 

phosphorus: 17% potassium) were applied during transplanting. The plants were top dressed 

with calcium ammonium nitrate (CAN) at the rate of 100kg/ha when plants were 25 cm tall 

and 200kg/ha after four weeks.  Fertilizer application ensured adequate nutrient levels for the 

crop to prevent deficiency disorders (KALRO, 2016).  

Pests and diseases were managed using pesticides.  Metalaxyl-M and propineb (700 g kg-1) at 

the rate of 50g in 20 litres of water was applied to control Pythium, early and late blight. 

Imidaclopride+betacyfluthrine100+45g L-1 at rate of 0.2 l ha-1 was applied every 7 days to 

control white flies. Thiamethoxam at 25ml in 20 litres water per week was used to control leaf 

miners. Manual cultivation was done regularly to keep the plot weed free to reduce nutrient 

competition of plants and weeds and to destroy the alternate hosts of pests and diseases.  

Irrigation was provided regularly during critical periods such as flower setting, fruit 

development but reduced as the crop approached maturity. Drip irrigation was used for 

irrigation. Staking was done by placing a 2m stake firmly into the ground and loosely tying the 

seedling to a stake using sulti-twine threads. Staking is important in tomato production 

especially for the indeterminate cultivars to enhance spraying of crop during disease control. 

In addition, staking reduces sunburn, fruit rotting and allows for better air circulation around 

the plant (AIC, 2003: KALRO, 2016).  

6.3.8 Data collection  

International Plant Genetic Resources Institute (IPGRI) system for evaluating tomato was used 

in data collection (IPGRI, 2003). Data was collected for both qualitative and quantitative traits 

at the appropriate growth stages. Weather data on amount of rainfall per month and the average 

temperature reading per month was collected from Kabete and Mwea meteorological station.  

a) Quantitative traits   

(i) Plant height (cm) was determined as the distance from soil base of the plant to the apex 

of the main stem at last stage of harvest (about 126 days) after transplanting. Six plants 

per plot were sampled and the mean calculated. 

(ii) Leaf length (cm) was measured as the distance from the pulvinus to the tip of mature 

leaf at vegetative/flowering stage for six plants, and the mean calculated. 

(iii)Leaf width (cm) was measured as the cross-sectional length of the central part of the 

compound leaf at vegetative/flowering stage. 

(iv) Single leaf area was calculated as described by Rivera et al., (2007) as follows: Single 

leaf area in cm2 (SLA) = 0.763 (leaf length, L) × 0.34(leaf width, W). 
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(v) Number of primary branches were determined by counting the number of primary 

branches per plant from the main stem for six plants and calculating the mean at 

harvesting stage.  

(vi) Stem girth of the main stem above the first truss was measured on six plants per plot 

using a string. The string length was determined on a meter ruler. Mean of the six plants 

sampled in a plot was calculated. 

(vii) Duration to 50% flowering was determined as the duration from planting to the day 

when half the number of plants in a plot had at least one flower.  

(viii) Soil plant analysis development (SPAD) as an indicator of leaf chlorophyll 

concentration was determined at vegetative/flowering stage using hand-held chlorophyll 

SPAD-502 (Minolta Camera Co., Ltd, Osaka, Japan) as described by Gianquinto et al., 

(2004).  

(ix) Duration to 50% maturity was determined as number of days taken from transplanting 

to at least 50% ripening of fruits per plant recorded on six plants per plot. 

(x) Number of fruits per plant was determined from fruits harvested in six randomly tagged 

plants per plot.  

(xi) Fruit weight per plant determined by weighing a random sample of 6 red ripe fruits per 

plot and calculating the mean. Weighing was by electronic weighing balance model 

AG64-100 (Wagtech International, New York). 

(xii) Fruit length or equatorial diameter (cm) was measured on six fruits per plot using a 

meter ruler from pistil scar to blossom end and mean calculated. 

(xiii) Fruit width or polar diameter (cm) on six fruits per plot was measured using a meter 

ruler from extreme centre diameter and mean calculated.   

b) Quality traits   

Tomato quality is a multi-faceted trait, involving many processes at the plant and fruit level, 

which depends on interactions between cultural practices, genetic and environmental factors. 

This study focuses on tomato quality as influenced by pre-harvest factors.  

(i) Total soluble solids, TSS (o Brix) was determined from mean of six randomly selected 

fruits per plot. Juice of each fruit was squeezed onto Erma handheld refractometer 

(model 28- 62, and manufactured by Labline, in India) at mature green and red stage.  

(ii) Fruit firmness (N cm2) was determined on random sample of six fruits per plot at mature 

green, breaker and red stages using digital hand-held Lutron Fruit Hardness Tester 

(model FR 5105, Lutron electronic, Italy). Fruits were punctured using a 1cm diameter 
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plunger and the force used to penetrate fruit pericarp shown on the digital reader of the 

penetrometer. The force per unit area noted and expressed in N cm2. 

(iii)Locules per fruit were determined by cutting the fruits at the middle transversely and 

counting the locules on six fruits per plot. 

(iv) Fruit pericarp thickness (mm) was determined on six fruits per plot using a handheld 

digital calliper model 1108-200 (In-size measuring Instruments, Hunan, China). 

(v) Fruit shelf-life was determined on random samples of six fruits per plot harvested at 

mature red stage. Fruits were stored at three temperature levels (4°C, 16°C and 25°C). 

Data collection was on fruit weight and firmness over 28 days of ripening at 7 days 

intervals. Fruit weight loss was measured using electronic weighing balance (model 

AG64-100, Wagtech International, New York) and fruit firmness by handheld Lutron 

Fruit Hardness Tester model (FR 5105, Lutron electronic, Italy). This is because as 

fruits ripens, there is loss of weight and fruit firmness. Therefore, the number of days 

to loss of significant weight and firmness at storage temperature determines the fruit 

shelf-life (de Castro et al., 2005).  

(vi) Heterosis was estimated by the relative performance of the F1 hybrids expressed as a 

percentage high or lower performance of the new F1 hybrid compared to the better 

parent (Virmani et al., 1997). Better parent heterosis was be estimated as: 

Better parent heterosis (%) =  
𝐹1−𝐵𝑃

𝐵𝑃
× 100 

Where F1= mean performance of a single cross; BP= mean performance of the better parent 

6.3.9 Statistical analysis 

Analysis of variance was performed to determine if there were significant genotypic, 

environmental and interaction effects for the traits measured. Fishers protected least significant 

method was used for mean separation at 1 and 5 percent probability levels. Data collected on 

agronomic and yield traits was analysed to understand the differences among the F1 hybrids 

and their parents. Analysis of variance (ANOVA) was conducted on quantitative data using 

GenStat 15th edition. Means for the different parental genotypes and F1 hybrids were separated 

using Fisher’s protected least significant difference (LSD) test at P ≤ 0.05. 

Estimating general and specific combining ability 

Collected data was subjected to combining ability analysis (GCA and SCA) as per procedure 

stipulated by Griffin (1956) method II and model I (fixed effects model) for all the 10 parents 

and the 45 F1 hybrids developed following hybridization excluding the reciprocal crosses. 
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Genetic analysis involved general combining ability, specific combining ability, variances, and 

effects. Analysis of variance (ANOVA) showing significant variance among progenies, 

parental lines and F1 was used in analysis of combining ability.  Relative importance of GCA 

or SCA and interaction of GCA and SCA with environments was conducted using genetic 

design tool in AGD-R (Analysis of Genetic Design with R) version 5.0. The genotypes were 

the fixed factors (Francisco et al., 2018). The means were separated using least significance 

differences (LSD) at ≤ 0.05. The collected data was arranged in a matrix form where reciprocals 

were replaced by F1 values. From this data, sum of squares, mean sum of squares and 

expectations for GCA effects, SCA effects and Error effects were calculated using the genetic 

design AGD-R (Analysis of Genetic Design with R) software tool in version 5.0 (Francisco et 

al., 2018).  

Estimating genetic parameters 

Singh and Choudhary, (1979) model of calculating phenotypic and genotypic variances as well 

as heritability was used to estimate genetic parameters as described below: 

Phenotypic variance (σ²p)  =  σ²g +  σ²ge +  σ²e 

𝐺𝑒𝑛𝑜𝑡𝑦𝑝𝑖𝑐 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 (𝜎2𝑔) =  𝜎2𝑝 – 𝜎2𝑒 

Where, 

 σ²p = Phenotypic variance 

σ²e = Error variance 

Where, 

 σ²g = genotypic variance, 

  σ²ge=   genotype x environment variance, and 

σ²e = error variance 

Estimation of combining ability effects 

(i) Estimation of GCA effects 

GCA effect (gi) = Xi… - X… 

              tr        ltr 

 

Where, 

gi = General combining ability effect of ith line 

Xi = Total of ith line overall including replications 

X... = Total of all hybrid combinations 
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(ii) Estimation of SCA effects 

SCA effect (Sij) = Xij - Xi… - Xj + X… 

                              r       tr       lr      ltr 

Where, 

Sij = Specific combining ability of the ith line and jth parent cross  

Xij = Total (ij)th combination for all replications 

Overall performance of the male and female in the diallel design was equated to their respective 

general combining abilities (GCA) and their interactions equated to their respective specific 

combining abilities (SCA). 

GCA/SCA ratio 

In understanding the importance of gene actions (additive and non-additive) in the expression 

of a certain trait following hybridization, ratios of the combining ability variance components 

were computed Fasahat et al., 2016).  

       𝐺𝐶𝐴 𝑎𝑛𝑑 𝑆𝐶𝐴 𝑟𝑎𝑡𝑖𝑜 =
2𝜎2𝑔𝑐𝑎

2𝜎2𝑔𝑐𝑎 − 𝜎2𝑠𝑐𝑎
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6.4 Results  

6.4.1 Weather conditions at the experimental sites 

Field experiments were conducted at Kabete Field Station, University of Nairobi, and at Mwea 

Research Station of Kenya Agricultural and Livestock Research Organization (KALRO) in 

Kirinyaga County. the data was collected from the meteorological station of these site. The 

minimum temperature during the evaluation period ranged from an average of 16.7 to 18.0 ◦C 

at Mwea and from 12.7 to 15.1◦C at Kabete site while the maximum temperature ranged from 

an average of 26.3 to 29.2 ◦C at Mwea site and 21.1 to 23.3◦C at Kabete site. The average 

rainfall per month during the evaluation period ranged from 24.9 to 311.2 mm at Mwea site 

and from 8.3 to 382.2 mm at Kabete site. These prevailing weather conditions were favourable 

for tomato growing. Similarly, according to Lengai, (2016) an average temperatures range of 

12.3 to 22.5°C and rainfall of 1059 mm per year is ideal for tomato growth. During the 

experiment period, the average monthly temperature readings were significantly higher at 

Mwea compared to Kabete as shown figure 6.3. The average rainfall was significantly higher 

at Kabete compared to Mwea (Figure 6.4). However, t moisture stress was reduced by 

providing supplemental irrigation using drips. 

  

Figure 6. 3: Mean monthly temperature during the long and short rain, 2018.  
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Figure 6. 4: Mean monthly rainfall during the long and short rain 2018.  

6.4.2 Days to 50% flowering 

There was high significant difference among the test genotypes, test environment and the 

interactions between the genotypes x environment for days to 50% flowering at (P≤0.01) 

(Table 6.2).  The significant environment difference for the trait irrespective of the genotypes 

was indicated by the two locations (Kabete and Mwea) recording significantly different 

average days to 50% flowering. Mwea recorded significantly lower average days for parental 

lines at 34 days and F1 hybrids at 33 days compared to Kabete that recorded an average of 42 

days for parental lines and 41 days for F1 hybrids to 50% flowering at P≤0.05. Therefore, it 

was observed that different environments contribute to either an increase or reduction of the 

number of days it takes a variety to 50% flowering. 

The duration to 50% flowering for the 10 parental genotypes across all the environment ranged 

from an average of 40 days for UC82 to 43 days for Roma VF, Cal J, AVTO1429 and Rio 

Grande at Kabete site. At Mwea site, days to 50% flowering for the parental genotypes ranged 

from 31 days for UC82 to 35 days for AVTO1429, Cal J. AVTO1424 and AVTO1314. The 

earliest flowering genotype UC82 took significantly fewer days at 35 days to 50% flowering 

compared to the latest flowering varieties Cal J and Rio Grande that took 42 days at P≤ 0.05 

(Table 3.8). The duration to 50% flowering for the 45 F1 hybrids ranged from an average of 37 

to 44days at Kabete and from 30 to 36 days at Mwea. The F1 hybrids from crosses between 

Eden select x Danny select and Roma VF x AVTO1429 recorded the lowest days at 37 days to 

flowering at Kabete and UC82 x Rio Grande, AVTO1314 x Valoria select, AVTO1424 x UC82 

and Danny select x UC82 recorded 30 days at Mwea site (Table 6.6). The highest days to 50% 

flowering of 44 days was recorded by F1 hybrid from cross between Roma VF x Rio Grande 
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followed by AVTO1429 x AVTO1314 with 43 days at Kabete. At Mwea site the highest 

number of days was recorded by Eden select x AVTO1424 and Cal J x Rio Grande at 36 days. 

Crosses between a parent that takes medium number of days to flowering such as Eden select 

that recorded 39 days and late flowering parent such as Cal J that had 42 days led to 

development of an early flowering F1 hybrid Eden select x Cal J at 36 days. The parent Eden 

select exhibited partial dominance over the late maturing parent. 

Table 6. 2: Mean squares for days to flowering, maturity, leaf length, leaf width and leaf 

of 45 hybrids grown in two environments in Kenya, 2018 

    Mean squares   

Source df 

Days to 

50% 

flowering 

Days to 

maturity 

Single leaf 

length (cm) 

Single leaf 

width (cm) 

Single leaf 

Area 

(cm²) 

Replication 2 2.56 80.13 142.42 230.43 202.5 

Environmentsß 1 4788.03** 96221.89** 128.81 187.59 16.0 

Residual 2 3.75 51.64 94.92 103.33 118.4 

Genotypes 54 12.62** 137.29** 14.38** 12.67 13.74** 

Environment x 

Genotypes 54 
5.39** 105.23 

6.47 
6.14 

5.95 

Residual 216 2.28 69.45 5.73 7.05 5.72 
ßEnvironments were Kabete and Mwea during 2018 long seasons. *, ** Significant at 5 and 1 percent 

probability levels, respectively. 

 

6.4.3 Days to maturity 

There were highly significant differences among the test genotypes and the test environment 

for days to maturity at (P≤0.01) (Table 6.2). The analysis of variance showed no significance 

difference at (P≤0.01) for interactions between the two environments and the genotypes. The 

environment difference was shown by Mwea site significantly lower average days of 85 days 

to maturity for parental lines and 81 days for F1 hybrids compare to Kabete site that had 116 

days for parental lines and 115 days for F1 hybrids at P≤ 0.05. Mwea provided a better 

environment for early maturation of tomato genotypes as compared to Kabete. The earliest 

maturing parental line was UC 82 that took 71 days to maturity at Mwea and 105 days at 

Kabete. The latest maturing parental line was Valoria select with 90 days at Mwea and Roma 

VF with 124 days at Kabete site (Table 3.8). Days to maturity varied between 80 to 123 days 

for the F1 hybrids with Roma VF x Cal J, Rio Grande and Valoria select taking the longest time 

to maturity of 123 days while Cal J x AVTO1314 took the shortest time of 80 days at Kabete 

(Table 6.6). At Mwea site, days to maturity varied between 71 to 90 days for the F1 hybrids 

with Roma VF x Cal J taking the longest time to maturity of 90 days while UC82 x Rio Grande 
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took the shortest time of 71 days.  Crosses between medium maturing parent such as UC82 that 

recorded 85 days and late maturing parent such as Valoria select with 100 days led to 

development of an early maturing F1 hybrid UC82 x Valoria select with 82 days. The parent 

UC82 exhibited partial dominance over the late maturing parent. 

6.4.4 Single leaf Area (cm²) 

The analysis of variance showed highly significant differences among the ten genotypes and 

their F1 hybrids for single leaf area at (P≤0.01) (Table 6.2). However, the analysis of variance 

showed no significant difference across the test environments (Kabete and Mwea) and for 

interactions between the two environments x the genotypes at (P≤0.01). Therefore, these results 

indicated that the environment had no influence on the single leaf area of the genotypes. Single 

leaf area for parental lines across the two environments ranged from 31.61 cm² recorded for 

Cal J variety to 38.62 cm² that was recorded for Danny select (Table 3.9). Among the F1 

hybrids, single leaf area across the two-environment varied between 31.6 cm² to 39 cm² (Table 

6.7). F1 hybrid from cross between Cal J x UC82 that recorded 31.6 cm² followed by Roma VF 

x AVTO1314 at 32.1 cm² and Eden select x Rio Grande at 32.3 cm² exhibited the smallest leaf 

area while AVTO1424 x Valoria select that recorded 39.0 cm² followed by AVTO1429 x Eden 

select at 37.0 cm² had the largest leaf area at both Kabete and Mwea site. A cross between 

AVTO1424 and Valoria select parent both with medium leaf area of 34.95 cm² and 34.24 cm², 

respectively led to generation of F1 hybrid AVTO1424 x Valoria select with a large leaf area.  

6.4.5 Number of primary branches 

The analysis of variance showed highly significant differences among the ten genotypes and 

their F1 hybrids for the number of primary branches at (P≤0.01) (Table 6.3). However, the 

analysis of variance showed no significant difference across the test environments (Kabete and 

Mwea) and for interactions between the two environments x the genotypes at (P≤0.01). 

Therefore, these results indicated that the environment had no influence on the number of 

primary branches of the genotypes. All the parental lines had an average of 5 primary branches 

except Rio Grande and AVTO1424 that recorded 4 branches (Table 3.11). Among the F1 

hybrids, the number of primary branches across the two-environment varied between 4 to 6 

branches with Eden select x Cal J and AVTO1424 x Valoria select exhibiting the least number 

of 4 branches while AVTO1314 x Valoria select, AVTO1314 x UC82, AVTO1429 x Valoria 

select and AVTO1429 x Danny select had the highest number of 6 branches (Table 6.7). 
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6.4.6 Stem girth (cm) 

The analysis of variance showed highly significant differences among the ten genotypes and 

their F1 hybrids for stem girth at (P≤0.01) (Table 6.3). However, the analysis of variance 

showed no significant difference across the test environments (Kabete and Mwea) and for 

interactions between the two environments x the genotypes at (P≤0.01). Therefore, these results 

indicated that the environment had no influence on the stem girth of the genotypes. The 

measured stem girth for parental lines ranged from 3.58cm recorded in UC82 variety to 4.27cm 

recorded in elite variety AVOT1314 (Table 3.11). Among the F1 hybrids, the measured stem 

girth across the two-environment varied between 3.6cm to 4.2cm with Eden select x UC82 and 

UC82 x Rio Grande exhibiting the smallest stem girth of 3.6cm while Roma VF x Rio Grande, 

AVTO1429 x AVTO1314 and AVTO1429 x Danny select had the highest stem girth of 4.2cm 

(Table 6.7). 

6.4.7 Plant height 

The analysis of variance showed highly significant differences at (P≤0.01) for the plant height 

across the two environments (Kabete and Mwea). There were highly significant differences 

among the ten genotypes and their F1 hybrids for plant height at (P≤0.01) (Table 6.3). However, 

the analysis of variance showed no significant difference at (P≤0.01) for interactions between 

the two environments and the genotypes. The environment difference was shown by Mwea site 

recording significantly taller plant for parental lines of 116.94cm and 123.8cm for F1 hybrids 

compare to Kabete site that had 110.5cm for parental lines and 119cm for F1 hybrids at P≤ 0.05. 

Mwea provided a better environment for early maturation of tomato genotypes as compared to 

Kabete. Plant height for parental lines varied from 72.33cm to 204.67cm at Kabete and 

76.67cm to 216.95cm at Mwea site. AVTO1429 was the tallest parental line at Kabete (204.6 

cm) and Mwea (216.9 cm).  UC82 had the shortest plants at Kabete (72.3 cm) and Mwea (76.7 

cm) (Table 3.12). Among the F1 hybrids, plant height varied from 76.3cm to 218.2cm at Kabete 

and from 78.1cm to 223.2cm at Mwea site (Table 6.8). F1 hybrid from cross between UC82 x 

Rio Grande that recorded 76.3cm followed by Cal J x UC82 at 83.3cm and Eden select x Danny 

select at 88.4cm, exhibited the shortest plants while AVTO1429 x AVTO1314 with 218.2cm 

followed by Eden select x AVTO1429 with 209.6cm and AVTO1429 x AVTO1424 with 

208.3cm had the tallest plants at Kabete site. At Mwea, F1 hybrid from cross between UC82 x 

Rio Grande recorded the shortest plants at 78.0cm followed by Cal J x UC82 at 85.5cm while 

AVTO1429 x AVTO1314 recorded 226.8cm followed by Eden select x AVTO1429 with 

223.2cm and AVTO1429 x AVTO1424 at 216.3cm had the tallest plants at Mwea site. A cross 
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between UC82 and Rio Grande parent both with intermediate height of 74.5 and 90cm 

respectively led to generation of a short F1 hybrid UC82 x Rio Grande.  

6.4.8 Fruit shape index (FSI) 

The analysis of variance showed highly significant differences among the ten genotypes and 

their F1 hybrids for fruit shape index at (P≤0.01) (Table 6.3). However, the analysis of variance 

showed no significant difference across the test environments (Kabete and Mwea) and for 

interactions between the two environments x the genotypes at (P≤0.01). Therefore, these results 

indicated that the environment had no influence on the fruit shape index of the genotypes. Fruit 

shape index for parental lines ranged from 0.73 recorded in Roma VF parent to 1.18 recorded 

in elite genotype AVTO1314 (Table 3.12). Among the F1 hybrids, the measured fruit shape 

index across the two-environment varied between 0.8 recorded by F1 hybrid from cross 

between Eden select x Roma VF, Eden select x Cal J, Roma VF x Cal J and Eden select x Rio 

Grande to 1.2 recorded by AVTO1429 x Danny select. AVTO1429 x AVTO1314 and 

AVTO1424 x AVTO1314 (Table 6.9). 

6.4.9 Fruit length (mm) 

The analysis of variance showed highly significant differences among the ten genotypes and 

their F1 hybrids for fruit length at (P≤0.01) (Table 6.3). However, the analysis of variance 

showed no significant difference across the test environments (Kabete and Mwea) and for 

interactions between the two environments x the genotypes at (P≤0.01). Therefore, these results 

indicated that the environment had no influence on the fruit length of the genotypes. Fruit 

length for the parental lines ranged from 47.49 mm in AVTO1314 to 58.18 mm in Rio Grande 

(Table 3.13). Among the F1 hybrids, the measured fruit length across the two-environment 

varied between 45.2mm to 60.5mm. The F1 hybrid from crosses between Eden select x Rio 

Grande exhibited the longest fruit length of 60.5mm. Eden select x Roma VF followed with a 

length of 57.5mm and Eden select x Cal J had 56.4mm. Cal J x AVTO1314 had the shortest 

fruit length of 45.2mm followed by AVTO1314 x UC82 at 46.6mm and AVTO1424 x 

AVTO1314 had 46.7mm (Table 6.9). A cross between Eden select and Rio Grande parent both 

with a large fruit length of 56.0 and 58.18mm respectively led to generation of F1 hybrid Eden 

select x Rio Grande with larger fruit length. Additive gene action was dominant in the 

inheritance of this trait in the F1 progeny. 
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6.4.10 Fruit diameter (mm) 

The analysis of variance showed highly significant differences among the ten genotypes and 

their F1 hybrids for fruit diameter at (P≤0.01) (Table 6.3). However, the analysis of variance 

showed no significant difference across the test environments (Kabete and Mwea) and for 

interactions between the two environments x the genotypes at (P≤0.01). Therefore, these results 

indicated that the environment had no influence on the fruit diameter of the genotypes. Fruit 

diameter for the parental lines ranged from 40.23 mm recorded in Roma VF variety to 58.32 

mm recorded in genotype AVTO1429 (Table 3.13). Among the F1 hybrids, fruit diameter 

across the two-environment varied between 44.2mm to 56.5mm. The F1 hybrid from crosses 

between AVTO1429 x AVTO1314 exhibited the largest fruit diameter of 56.5mm followed by 

Eden select x AVTO1429 with 55.3mm and AVTO1424 x AVTO1314 had 55.3mm. In 

contrast, Roma VF x UC82 had the smallest fruit diameter of 44.2mm followed by Valoria 

select x Rio Grande at 44.5mm and Roma VF x Cal J at 44.5mm (Table 6.9). A cross between 

Eden select and AVTO1424 parent both with medium fruit diameter of 47.05 and 45.78mm, 

respectively led to generation of F1 hybrid Eden select x AVTO1424 with a larger fruit diameter 

of 51.6mm. Additive gene action was dominant in the inheritance of this trait in the F1 progeny. 

6.4.11 Number of fruits trussˉ1  

The analysis of variance showed highly significant differences among the ten genotypes and 

their F1 hybrids for number of fruits per truss at (P≤0.01) (Table 6.4). However, the analysis of 

variance showed no significant difference across the test environments Kabete and Mwea and 

for interactions between the two environments x the genotypes at (P≤0.01). Therefore, these 

results indicated that the environment had no influence on the number of fruits per truss of the 

genotypes. The number of fruits per truss for the parental lines ranged from 3 to 5 fruits. Danny 

select and UC82 had the largest number of 5 fruits per truss. In contrast, genotypes AVTO1429, 

AVTO1424, AVTO1314 and Cal J recorded the lowest number of fruits per truss (Table 3.14). 

Among the F1 hybrids, the recorded number of fruits per truss across the two environments 

ranged from 3 to 5 fruits (Table 6.8). The F1 hybrid from crosses between Roma VF x Danny 

select, Eden select x Danny select AVTO1424 x UC82 and Cal J x UC82 recorded highest 

number of fruits per truss while Eden select x Roma VF, Eden select x Valoria select and 

AVTO1429 x AVTO1314 had the lowest number of 3 fruits per truss. A cross between Cal J 

and AVTO1424 parent both with medium fruit number of 3 fruits per truss led to generation 

of F1 hybrid Cal J x AVTO1424 with a higher number of 5 fruits per truss. Additive gene action 

was dominant in the inheritance of this trait in the F1 progeny. 
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6.4.12 Fruit firmness (Ncm2)  

The analysis of variance showed highly significant differences among the ten genotypes and 

their F1 hybrids for fruit firmness at (P≤0.01) (Table 6.4). However, the analysis of variance 

showed no significant difference across the test environments (Kabete and Mwea) and for 

interactions between the two environments x the genotypes at (P≤0.01). Therefore, these results 

indicated that the environment had no influence on the fruit firmness of the genotypes. The 

measured fruit firmness for the parental lines ranged from an average of 70 Ncm2 for Roma 

VF to 375 Ncm2 for Cal J at both sites (Table 3.14). Among the F1 hybrids, the measured fruit 

firmness across the two-environment varied between 77.3 to 99 Ncm2. The F1 hybrid from 

crosses between Cal J x AVTO1429 had the highest fruit firmness of 99 Ncm2 followed by 

AVTO1429 x AVTO1424 with 97 Ncm2 and AVTO1429 x Danny select. Roma VF x UC82 

followed by Eden select x Roma VF and AVTO1429 x AVTO1314 had the lowest fruit 

firmness of 77.3, 77.6 and 77.7 Ncm2, respectively (Table 6.10). A cross between AVTO1429 

and AVTO1424 parent both with high fruit firmness of 90 and 84 Ncm2, respectively led to 

generation of F1 hybrid AVTO1429 x AVTO1424 with a higher fruit firmness of 97 Ncm2. 

Additive gene action was dominant in the inheritance of this trait in the F1 progeny. However, 

a cross between AVTO1429 and AVTO1314 parent both with high fruit firmness of 90 and 91 

Ncm2, respectively led to generation of F1 hybrid AVTO1429 x AVTO1314 with a lower fruit 

firmness of 77.7 Ncm2. 

6.4.13 Pericarp thickness (mm) 

The analysis of variance showed highly significant differences among the ten genotypes and 

their F1 hybrids for pericarp thickness at (P≤0.01) (Table 6.4). However, the analysis of 

variance showed no significant difference across the test environments (Kabete and Mwea) and 

for interactions between the two environments x the genotypes at (P≤0.01). Therefore, these 

results indicated that the environment had no influence on the pericarp thickness of the 

genotypes. The measured pericarp thickness for the parental lines ranged from an average of 

4.82mm (AVTO1314) to 6.66mm (Rio Grande) at both sites (Table 3.15). Among the F1 

hybrids, the measured pericarp thickness across the two-environment varied between 4.1 to 

13.8mm. The F1 hybrid from crosses between AVTO1314 x UC82 (13.8mm) followed by 

AVTO1429 x Cal J (7.2mm) and Eden select x Cal J (6.8mm) recorded the highest pericarp 

thickness while AVTO1429 x AVTO1314 (4.1mm) followed by AVTO1424 x AVTO1314 

(4.2mm) and Roma VF x AVTO1314 (4.6mm) had the lowest pericarp thickness (Table 6.10). 

A cross between AVTO1314 and UC82 parent both with lower pericarp thickness of 4.82 and 
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4.86mm respectively led to generation of F1 hybrid (AVTO1314 x UC82) with a higher 

pericarp thickness (13.8mm). Additive gene action was dominant in the inheritance of this trait 

in the F1 progeny. 

6.4.14 Number of locules fruitˉ1 

The analysis of variance showed highly significant differences among the ten genotypes and 

their F1 hybrids for the number of locules per fruit at (P≤0.01) (Table 6.4). However, the 

analysis of variance showed no significant difference across the test environments (Kabete and 

Mwea) and for interactions between the two environments x the genotypes at (P≤0.01). 

Therefore, these results indicated that the environment had no influence on the number of 

locules per fruit of the genotypes. The recorded number of locules per fruit for the parental 

lines ranged from an average of 2 to 7 locules and the elite genotype AVTO1429 recorded the 

highest number (7 locules) while Roma VF, Cal J, Valoria select and Rio Grande recorded the 

lowest number (2 locules) (Table 3.15). Among the F1 hybrids, the recorded number of locules 

per fruit across the two-environment varied between 2 to 9 locules with AVTO1429 x Rio 

Grande (9 locules) recording the highest number of locules per fruit while Roma VF x Rio 

Grande, Valoria select x Rio Grande and UC82 x Valoria select had the lowest number of 

locules per fruit (Table 6.10). A cross between parent with higher number of locule per fruits 

AVTO1429 (7 locules) and a parent with lower number of locules per fruit Rio Grande (2 

locules) led to development of F1 hybrid (AVTO1429 x Rio Grande) with the highest number 

of locules per plant (9 locules). The parent AVTO1429 exhibited complete dominance over the 

lower locules number parent. 

6.4.15 Total soluble sugars (% Brix) 

The analysis of variance showed highly significant differences among the ten genotypes and 

their F1 hybrids for the total soluble sugars at (P≤0.01) (Table 6.4). However, the analysis of 

variance showed no significant difference across the test environments (Kabete and Mwea) and 

for interactions between the two environments x the genotypes at (P≤0.01). Therefore, these 

results indicated that the environment had no influence on the total soluble sugars of the 

genotypes. The total soluble sugars for the parental lines ranged from an average of 4.07 % 

Brix for Eden select to 5.31 % Brix for Danny select (Table 3.16). Among the F1 hybrids, total 

soluble sugar across the two-environment varied between 4.25 to 5.45 % Brix. The F1 hybrid 

from crosses between Cal J x Rio Grande (5.45 % Bix) followed by Roma VF x Cal J (5.40% 

Brix) and Cal J x Valoria select (5.33% Brix) recorded the highest total soluble sugar while 

AVTO1424 x UC82 (4.25 % Brix) followed by AVTO1424 x Danny select (4.41% Brix) and 
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Roma VF x AVTO1429 (4.49% Brix) had the lowest total soluble sugar (Table 6.11). A cross 

between Cal J and Rio Grande parent both with higher total soluble sugars of 5.00 and 

5.13%Brix respectively led to generation of F1 hybrid (Cal J x Rio Grande) with a higher 

soluble sugar (5.45%Brix). Additive gene action was dominant in the inheritance of this trait 

in the F1 progeny. 

6.4.16 Number of seeds gˉ1 

The analysis of variance showed highly significant differences among the ten genotypes and 

their F1 hybrids for number of seeds per gram at (P≤0.01) (Table 6.5). However, the analysis 

of variance showed no significant differences across the test environments (Kabete and Mwea) 

and for interactions between the two environments x the genotypes at (P≤0.01). Therefore, 

these results indicated that the environment had no influence on the number of seeds per gram 

of the genotypes. The number of seeds per gram for the parental lines ranged from an average 

of 318 seeds for Cal J to 426 seeds for Eden select (Table 3.16). Among the F1 hybrids, the 

number of seeds per gram across the two-environment varied from 259 to 491 seeds. The F1 

hybrid from crosses between Eden select x Valoria select (491 seeds) followed by Valoria 

select x Rio Grande (461 seeds) and Eden select x Rio Grande (435) recorded the largest 

number of seeds per gram while AVTO1424 x Rio Grande (259 seeds) followed by AVTO1424 

x UC82 (277 seeds) and AVTO1429 x Rio Grande (281 seeds) had the lowest number of seeds 

per gram (Table 6.11). A cross between Eden select (426 seeds) and Valoria select (407seeds) 

parent both with high number of seeds per gram led to generation of F1 hybrid (Eden select x 

Valoria select) with a higher number of seeds per gram (491 seeds). Additive gene action was 

dominant in the inheritance of this trait in the F1 progeny. 

6.4.17 weight of 100-Seeds (g) 

The analysis of variance showed highly significant differences among the ten genotypes and 

their F1 hybrids for the weight of 100 seeds at (P≤0.01) (Table 6.5). However, the analysis of 

variance showed no significant difference across the test environments (Kabete and Mwea) and 

for interactions between the two environments x the genotypes at (P≤0.01). Therefore, these 

results indicated that the environment had no influence on the weight of 100 seeds of the 

genotypes. The weight of 100 seeds for the parental lines ranged from an average of 0.24 g 

(Eden select) to 0.32 g (UC 82) (Table 3.17). The weight of 100 seeds for F1 hybrids varied 

between 0.20 to 0.40g. F1 hybrid AVTO1424 x Rio Grande (0.40g) followed by Cal J x 

AVTO1424 (0.39g) and UC82 x Rio Grande (0.38g) recorded the heaviest weight for 100 seeds 

while AVTO1424 x AVTO1314 (0.20g) followed by Roma VF x Cal J (0.22g) and Eden Select 
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x UC82 (0.23g) had the lightest seed mass (Table 6.11). A cross between AVTO1429 and Rio 

Grande parent both with medium seed mass of 0.29 and 0.30g respectively led to generation of 

F1 hybrid (AVTO142 x Rio Grande) with a higher seed mass (0.40g). Additive gene action was 

dominant in the inheritance of this trait in the F1 progeny. 

6.4.18 Fruit weight (g) 

The analysis of variance showed highly significant differences among the ten genotypes and 

their F1 hybrids for the fruit weight at (P≤0.01) (Table 6.5). However, the analysis of variance 

showed no significant differences across the test environments (Kabete and Mwea) and for 

interactions between the two environments x the genotypes at (P≤0.01). Therefore, these results 

indicated that the environment had no influence on fruit weight of the genotypes. The fruit 

weight for the parental lines ranged from an average of 46g recorded in Roma VF parent to 

94g recorded in elite genotype AVTO1429 (Table 3.17). Among the F1 hybrids, the fruit weight 

across the two-environment varied between 57g to 115g. The F1 hybrid from crosses between 

AVTO1429 x AVTO1424 (115g) followed by AVTO1429 x Rio Grande (100g), AVTO1429 

x AVTO1314 (100g) and Eden select x AVTO1429 (100g) recorded the highest fruit weight 

while Cal J x UC82 (57g) followed by Danny select x UC82 (58g) and Roma VF x UC82 (58g) 

had the lowest fruit weight (Table 6.12). A cross between AVTO1424 parent with light seed 

mass and AVTO1429 parent with heavy seed mass of 54 and 94g respectively led to generation 

of F1 hybrid (AVTO1429 x AVTO1424) with heavy 100 seed mass (115g). Parent AVTO1429 

exhibited complete dominance in the expression of this trait in the F1 progeny. 

6.4.19 Yield plantˉ1 (kg)  

The analysis of variance showed highly significant genotypic differences and their F1 hybrids 

at (P≤0.01) for tomato yields per plant (Table 6.5). However, the analysis of variance showed 

no significant difference across the test environments (Kabete and Mwea) and for interactions 

between the two environments x the genotypes at (P≤0.01). Therefore, these results indicated 

that the environment had no influence on yield per plant of the genotypes. Among the parental 

lines, the yield per plant ranged from an average of 0.92kg that was recorded in AVTO1429 to 

2.79kg recorded in Valoria select (Table 3.18). Among the F1 hybrids, yield per plant across 

the two-environment varied between 1.79kg to 3.36kg. The F1 hybrid from crosses between 

Roma VF x UC82 (3.36kg) followed by Roma VF x AVTO1429 (3.15kg) and Eden select x 

AVTO1424 (3.09kg) recorded the highest yield per plant while AVTO1314 x Rio Grande 

(1.79kg) followed by AVTO1429 x AVTO1424 (1.82kg) and AVTO1424 x AVTO1314 

(1.98kg) had the lowest yield per plant (Table 6.12). A cross between Roma VF and UC82 
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parent both with higher yield per plant of 1.92 and 2.04kg respectively led to generation of F1 

hybrid (Roma VF x UC82) with a higher yield per plant (3.36kg). Additive gene action was 

dominant in the inheritance of this trait in the F1 progeny. 

6.4.20 Yield haˉ1 

The analysis of variance showed highly significant differences among the ten genotypes and 

their F1 hybrids for yield per hectare at (P≤0.01) (Table 6.5). However, the analysis of variance 

showed no significant difference across the test environments (Kabete and Mwea) and for 

interactions between the two environments x the genotypes at (P≤0.01). Therefore, these results 

indicated that the environment had no influence on yields of the genotypes. The yield per 

hectare for the parental lines ranged from an average of 18,346kg that was recorded in 

AVTO1429 to 55,740kg recorded in Valoria select (Table 3.18). Among the F1 hybrids, yield 

per hectare across the two-environment varied between35, 743 to 67, 243 kg. The F1 hybrid 

from crosses between Roma VF x UC82 (67,243kg) followed by Roma VF x AVTO1429 

(62,944kg) and Eden select x AVTO1424 (61,748kg) recorded the highest yields per hectare 

while AVTO1314 x Rio Grande (35,743kg) followed by AVTO1429 x AVTO1424 (36,338kg) 

and AVTO1424 x AVTO1314 (39,523kg) had the lowest yields per hectare (Table 6.12). A 

cross between Roma VF and UC82 parent both with higher yields per hectare of 38,348 and 

40,797 respectively led to generation of F1 hybrid (Roma VF x UC82) with a significantly 

higher yields per hectare (67,243kg).  

 

Table 6. 3: Mean squares of primary branches, stem girth, final plant height, fruit length, 

fruit diameter and shape index of 45 hybrids grown in two environments in Kenya, 2018 

    Mean squares 

Source df 

Number 

of 

primary 

branches 

Stem 

girth 

(cm) 

Final plant 

height 

(cm) 

Fruit 

length 

(mm) 

Fruit 

diameter 

(mm) 

Fruit shape 

index (FSI) 

Replication 2 0.3 0.84 528 20.75 0.20 0.006 

Environmentsß 
1 34.89 24.99 1914.8** 1039.96 1939.59 0.052 

Residual 2 4.87 0.09 0.1 39.66 22.54 0.010 

Genotypes 54 1.42** 0.22** 8615.7** 64.04** 98.83** 0.086** 

Environment x 

genotypes 54 
0.37 

0.101 
10.8 16.55 23.95 0.011 

Residual 216 0.66 0.059 171 9.42 18.14 0.007 
ßEnvironments were Kabete and Mwea during 2018 long seasons. *, ** Significant at 5 and 1 percent 

probability levels, respectively. 
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Table 6. 4: Mean squares of fruits per truss, per plant, fruit firmness, pericarp thickness, 

locules and total soluble sugars of 45 hybrids grown in two environments in Kenya, 2018 

  Mean squares 

Source Df 

Number 

of fruits 

trussˉ1 

Number 

of trusses 

plantˉ1 

Fruit 

firmness 

(N cm²) 

Pericarp 

thickness 

(mm) 

Number 

of locules 

fruitˉ1 

Total 

soluble 

sugar (% 

Brix) 

Replication 2 2.25 207.33 8694 8.43 0.74 0.23 

Environmentsß 
1 12.43 14531.42 161 0.16 27.40 0.51 

Residual 2 2.19 107.86 0 7.23 5.10 0.05 

Genotypes 54 1.12** 35.93** 9482** 9.57 10.52** 0.50** 

Environment x Genotypes 54 0.53 16.51 0 10.38 3.66 0.02 

Residual 216 0.41 10.57 4877 9.68 3.56 0.20 
ßEnvironments were Kabete and Mwea during 2018 long seasons. *, ** Significant at 5 and 1 percent 

probability levels, respectively. 

 

 

Table 6. 5: Mean squares of seeds per gram, weight of 100 seeds, fruit weight, yield per 

plant and per hectare of 45 hybrids grown in two environments in Kenya, 2018 

Source Df 

Number of 

seeds gˉ1 

Weight 

of 100 

seeds (g) 

Fruit 

weight 

(g) 

Yield 

plantˉ1 

(kg) 

Yield 

haˉ1 (kg) 

Replication 2 10.70 0.56 174942 9.16 3.67 

Environmentsß 1 204.80 0.00 304379 6.20 2.48 

Residual 2 0.30 0.00 156272 5.71 2.28 

Genotypes 54 13574.9** 0.012** 169841** 1.40** 5.60** 

Environment x Genotypes 54 0.90 0.00 170116 0.51 2.05 

Residual 216 115.30 0.002 170428 0.34 1.34 
ßEnvironments were Kabete and Mwea during 2018 long seasons. *, ** Significant at 5 and 1 percent 

probability levels, respectively. 

 

Table 6. 6: Days to flowering and maturity of 45 tomato hybrids grown at Kabete and 

Mwea in 2018                       
 

Parents 

Traits 

Days to 50% flowering 
 

Days to maturity 

Kabete Mwea Mean   Kabete Mwea Mean 

Eden select x Roma VF 41 34 38 
 

120 83 102 

Eden select x AVTO1429 39 34 37 
 

115 86 100 

Eden select x Cal JVF 38 34 36 
 

109 80 95 

Eden select x AVTO1424 39 36 37 
 

114 87 100 

Eden select x Danny select  37 32 34 
 

109 79 94 

Eden select x AVTO1314 38 33 36 
 

111 75 93 

Eden select x UC82 38 32 35 
 

112 75 93 

Eden select x Valoria select 42 34 38 
 

120 86 103 

Eden select x Rio Grande 41 35 38 
 

122 83 102 

Roma VF x AVTO1429 37 33 35 
 

117 83 100 
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Roma VF x Cal JVF 41 35 38 
 

116 90 103 

Roma VF x AVTO1424 41 33 37 
 

118 85 101 

Roma VF x Danny select 40 33 37 
 

119 80 100 

Roma VF x AVTO1314 39 33 36 
 

112 85 99 

Roma VF x UC82 39 31 35 
 

115 81 98 

Roma VF x Valoria select 40 33 37 
 

123 84 104 

Roma VF x Rio Grande 44 33 38 
 

123 79 101 

AVTO1429 x Cal JVF 41 32 38 
 

123 78 101 

AVTO1429 x AVTO1424 40 33 37 
 

119 83 101 

AVTO1429 x Danny select 41 33 37 
 

122 84 103 

AVTO1429 x AVTO1314 43 33 38 
 

119 74 97 

AVTO1429 x UC82 42 31 36 
 

123 81 102 

AVTO1429 x Valoria select 42 32 37 
 

121 82 102 

AVTO1429 x Rio Grande 42 33 37 
 

122 80 101 

Cal JVF x AVTO1424 43 34 38 
 

119 81 100 

Cal JVF x Danny select 41 32 36 
 

117 87 102 

Cal JVF x AVTO1314 42 32 37 
 

80 85 83 

Cal JVF x UC82 43 32 38 
 

113 78 96 

Cal JVF x Valoria select 41 35 38 
 

115 79 97 

Cal JVF x Rio Grande 43 36 39 
 

116 85 101 

AVTO1424 x Danny select 42 31 36 
 

121 82 102 

AVTO1424 x AVTO1314 39 32 36 
 

118 79 83 

AVTO1424 x UC82 37 30 33 
 

121 75 98 

AVTO1424 x Valoria select 40 35 37 
 

118 85 101 

AVTO1424 x Rio Grande 40 33 36 
 

116 81 98 

Danny select x AVTO1314 38 33 36 
 

114 80 99 

Danny select x UC82 39 30 34 
 

115 78 97 

Danny select x Valoria select 39 30 35 
 

114 76 95 

Danny select x Rio Grande 41 32 37 
 

113 81 97 

AVTO1314 x UC82 37 30 34 
 

107 79 93 

AVTO1314 x Valoria select 40 32 36 
 

117 79 98 

AVTO1314 x Rio Grande 42 33 38 
 

117 77 97 

UC82 x Valoria select 39 32 36 
 

84 79 82 

UC82 x Rio Grande 38 30 34 
 

114 71 93 

Valoria select x Rio Grande 42 36 39 
 

118 86 102 

Grand mean 41 33 37 
 

115 81 98 

CV (%) 
  

1.5 
   

8.3 

LSD (5%) 
  

2.4 
   

13.4 

 LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete and Mwea, 2018. 
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Table 6. 7: Single leaf area, number of primary branches and stem girth of 45 F1 hybrids 

grown at Kabete and Mwea stations evaluated in 2018 
 

Parents  

Traits 

Single leaf Area (cm²) 
 

Number of primary 

branches  

Stem girth (cm) 

Kabete Mwea Mean   Kabete Mwea Mean   Kabete Mwea Mean 

Eden select x Roma VF 34.4 31.0 32.7 
 

5 4 5 
 

3.6 4.3 4.0 

Eden select x AVTO1429 34.1 34.0 34.0 
 

6 5 6 
 

3.5 3.9 3.7 

Eden select x Cal JVF 34.1 32.0 33.1 
 

5 4 4 
 

3.7 4.2 4.0 

Eden select x AVTO1424 32.9 35.2 34.0 
 

5 5 5 
 

3.8 4.4 4.1 

Eden select x Danny select  33.6 36.5 35.0 
 

5 5 5 
 

3.6 4.2 3.9 

Eden select x AVTO1314 33.6 33.1 33.3 
 

5 5 5 
 

3.9 4.2 4.0 

Eden select x UC82 33.8 33.8 33.8 
 

5 4 5 
 

3.2 4.1 3.6 

Eden select x Valoria select 34.0 34.2 34.1 
 

5 4 5 
 

3.9 4.3 4.1 

Eden select x Rio Grande 31.4 33.3 32.3 
 

6 4 5 
 

3.6 3.8 3.7 

Roma VF x AVTO1429 35.3 36.5 35.9 
 

6 5 6 
 

3.6 4.3 4.0 

Roma VF x Cal JVF 31.8 35.1 33.4 
 

6 5 5 
 

3.6 4.2 3.9 

Roma VF x AVTO1424 31.8 35.2 33.5 
 

6 6 6 
 

3.4 4.5 3.9 

Roma VF x Danny select 36.1 34.8 35.5 
 

5 5 5 
 

3.5 4.3 3.9 

Roma VF x AVTO1314 33.6 30.5 32.1 
 

5 5 5 
 

3.9 3.9 3.9 

Roma VF x UC82 35.0 34.3 34.6 
 

6 6 6 
 

3.8 4.2 4.0 

Roma VF x Valoria select 35.0 33.3 34.2 
 

7 5 6 
 

3.8 4.3 4.0 

Roma VF x Rio Grande 32.2 36.6 34.4 
 

5 5 5 
 

3.5 4.8 4.2 

AVTO1429 x Cal JVF 35.4 35.4 35.4 
 

5 5 5 
 

3.9 4.3 4.1 

AVTO1429 x AVTO1424 32.3 36.0 34.1 
 

5 4 5 
 

3.8 4.2 4.0 

AVTO1429 x Danny select 35.7 38.3 37.0 
 

6 6 6 
 

3.8 4.5 4.2 

AVTO1429 x AVTO1314 33.6 34.3 33.9 
 

5 5 5 
 

3.9 4.5 4.2 

AVTO1429 x UC82 32.6 32.9 32.7 
 

5 5 5 
 

3.8 4.2 4.0 

AVTO1429 x Valoria select 34.2 36.4 35.3 
 

7 6 6 
 

3.7 4.2 3.9 

AVTO1429 x Rio Grande 33.5 35.1 34.3 
 

6 4 5 
 

3.5 4.4 4.0 

Cal JVF x AVTO1424 35.1 37.7 36.4 
 

6 5 5 
 

3.6 4.2 4.0 

Cal JVF x Danny select 35.6 37.6 36.6 
 

6 5 5 
 

3.7 4.5 4.1 

Cal JVF x AVTO1314 33.0 32.4 32.7 
 

5 5 5 
 

3.6 4.2 4.1 

Cal JVF x UC82 32.7 30.5 31.6 
 

5 5 5 
 

3.5 4.0 3.7 

Cal JVF x Valoria select 33.4 35.1 34.2 
 

6 5 5 
 

3.6 4.3 4.0 

Cal JVF x Rio Grande 35.4 34.5 35.0 
 

6 5 5 
 

3.4 4.1 3.8 

AVTO1424 x Danny select 36.7 36.8 36.7 
 

5 5 5 
 

3.8 4.0 3.9 

AVTO1424 x AVTO1314 33.8 32.6 33.2 
 

6 4 5 
 

3.8 4.1 3.9 

AVTO1424 x UC82 35.1 34.4 34.8 
 

5 4 5 
 

3.4 4.2 3.8 

AVTO1424 x Valoria select 41.6 36.5 39.0 
 

5 4 4 
 

3.5 4.4 3.9 

AVTO1424 x Rio Grande 35.5 38.6 37.1 
 

6 4 5 
 

3.3 4.4 3.9 

Danny select x AVTO1314 35.2 34.5 34.9 
 

6 5 5 
 

3.8 4.5 4.2 

Danny select x UC82 35.5 35.1 35.3 
 

5 4 5 
 

3.6 4.2 3.9 

Danny select x Valoria select 33.5 33.0 33.3 
 

5 5 5 
 

3.9 4.4 4.2 

Danny select x Rio Grande 33.4 34.9 34.2 
 

5 5 5 
 

3.9 4.3 4.1 

AVTO1314 x UC82 33.4 32.9 33.2 
 

6 5 6 
 

3.9 4.2 4.0 

AVTO1314 x Valoria select 35.4 35.4 35.4 
 

6 5 6 
 

3.9 4.5 4.2 

AVTO1314 x Rio Grande 35.1 34.4 34.8 
 

5 4 5 
 

3.4 4.4 3.9 

UC82 x Valoria select 34.6 33.6 34.1 
 

6 5 5 
 

3.6 3.8 3.7 

UC82 x Rio Grande 33.3 32.1 32.7 
 

6 5 5 
 

3.9 4.2 3.6 

Valoria select x Rio Grande 34.3 33.2 33.8 
 

5 5 5 
 

3.7 4.2 3.9 

Mean 34.2 34.6 34.4 
 

5 5 5 
 

3.7 4.2 3.9 
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CV (%) 
  

2.39 
   

0.81 
   

0.24 

LSD (5%) 
  

4.69 
   

1.39 
   

0.39 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete and Mwea, 2018. 

 

Table 6. 8: Plant height, number of fruits per truss and number of trusses per plant of 45 

tomato hybrids grown at Kabete and Mwea stations evaluated in 2018 

 

Parents  

Agronomic traits 

Plant height (cm) 
 

Number of fruits trussˉ1 Number of trusses 

plantˉ1 

Kabete Mwea Mean 
 

Kabete Mwea Mean 
 

Kabete Mwea Mean 

Eden select x Roma VF 108.3 114.8 111.6 
 

4 3 3 
 

8 17 13 

Eden select x AVTO1429 209.6 223.2 216.4 
 

4 4 4 
 

6 23 15 

Eden select x Cal JVF 91.0 97.8 94.4 
 

4 3 4 
 

6 19 13 

Eden select x AVTO1424 105.6 113.6 109.6 
 

4 4 4 
 

7 20 13 

Eden select x Danny select  88.4 95.1 91.7 
 

5 4 5 
 

7 21 14 

Eden select x AVTO1314 110.7 118.3 114.5 
 

4 3 4 
 

6 21 14 

Eden select x UC82 89.0 93.8 91.4 
 

4 4 4 
 

9 16 13 

Eden select x Valoria select 118.7 125.2 121.9 
 

3 4 3 
 

6 18 12 

Eden select x Rio Grande 101.4 107.0 104.2 
 

4 4 4 
 

7 17 12 

Roma VF x AVTO1429 120.3 124.9 216.2 
 

5 4 4 
 

7 23 15 

Roma VF x Cal JVF 99.3 103.8 101.5 
 

4 4 4 
 

7 19 13 

Roma VF x AVTO1424 120.3 124.9 122.6 
 

4 4 4 
 

7 29 18 

Roma VF x Danny select 99.6 103.0 101.3 
 

5 4 5 
 

9 20 14 

Roma VF x AVTO1314 105.7 109.4 107.5 
 

4 3 4 
 

6 25 16 

Roma VF x UC82 94.8 98.3 96.5 
 

5 4 4 
 

9 29 19 

Roma VF x Valoria select 113.9 118.2 116.1 
 

4 4 4 
 

6 20 13 

Roma VF x Rio Grande 103.8 107.7 105.8 
 

4 4 4 
 

4 23 14 

AVTO1429 x Cal JVF 206.6 214.5 210.5 
 

4 5 4 
 

8 20 14 

AVTO1429 x AVTO1424 208.3 216.3 212.3 
 

3 4 4 
 

7 19 13 

AVTO1429 x Danny select 157.2 163.4 160.3 
 

4 5 4 
 

7 21 14 

AVTO1429 x AVTO1314 218.2 226.8 222.5 
 

3 3 3 
 

6 24 15 

AVTO1429 x UC82 152.1 158.1 155.1 
 

4 4 4 
 

8 17 12 

AVTO1429 x Valoria select 167.6 174.2 170.9 
 

4 4 4 
 

7 23 15 

AVTO1429 x Rio Grande 150.7 156.0 153.4 
 

4 4 4 
 

7 14 10 

Cal JVF x AVTO1424 119.7 122.8 121.3 
 

5 4 5 
 

6 21 13 

Cal JVF x Danny select 93.2 95.6 94.4 
 

4 4 4 
 

7 18 12 

Cal JVF x AVTO1314 110.1 112.9 111.5 
 

4 4 4 
 

10 22 16 

Cal JVF x UC82 83.3 85.5 84.4 
 

4 3 4 
 

6 19 13 

Cal JVF x Valoria select 99.1 101.3 100.2 
 

5 3 4 
 

8 15 11 

Cal JVF x Rio Grande 94.3 96.5 95.4 
 

4 3 4 
 

6 14 10 

AVTO1424 x Danny select 122.6 125.4 124.0 
 

4 4 4 
 

7 23 15 

AVTO1424 x AVTO1314 128.5 131.5 130.0 
 

4 4 4 
 

6 20 13 

AVTO1424 x UC82 114.3 117.1 115.7 
 

5 4 5 
 

9 22 16 

AVTO1424 x Valoria select 131.6 134.8 133.2 
 

4 4 4 
 

7 19 13 

AVTO1424 x Rio Grande 116.6 119.4 118.0 
 

5 4 4 
 

7 20 14 

Danny select x AVTO1314 106.7 108.5 107.6 
 

4 3 4 
 

8 21 15 

Danny select x UC82 92.8 94.0 93.4 
 

5 4 5 
 

9 21 15 

Danny select x Valoria select 96.8 98.0 97.4 
 

5 4 5 
 

8 18 13 

Danny select x Rio Grande 89.8 91.0 90.4 
 

5 4 4 
 

6 20 13 

AVTO1314 x UC82 102.0 103.7 102.8 
 

4 4 4 
 

7 26 17 

AVTO1314 x Valoria select 116.3 119.0 117.7 
 

4 4 4 
 

9 19 14 
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AVTO1314 x Rio Grande 107.3 109.8 108.5 
 

4 3 4 
 

7 23 15 

UC82 x Valoria select 95.1 97.3 96.2 
 

5 4 4 
 

8 21 15 

UC82 x Rio Grande 76.3 78.1 77.2 
 

4 4 4 
 

7 18 13 

Valoria select x Rio Grande 112.8 115.5 114.2 
 

4 3 4 
 

6 21 14 

Grand mean 119.0 123.8 121.4 
 

4 4 4 
 

8 21 15 

CV (%) 
  

13.08 
   

0.64 
   

3.25 

LSD (5%) 
  

20.85 
   

1.07 
   

5.73 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete and Mwea, 2018. 
 

Table 6. 9: Fruit shape index, fruit length and fruit diameter of 45 tomato hybrids grown in 

Kabete and Mwea stations evaluated in 2018 

 

Parents  

Fruit traits 

Fruit shape index (FSI) 
 

Fruit length (mm)   Fruit diameter (mm) 

Kabete Mwea Mean 
 

Kabete Mwea Mean 
 

Kabete Mwea Mean 

Eden select x Roma VF 0.8 0.9 0.8 
 

55.5 59.4 57.5 
 

43.2 52.0 47.6 

Eden select x AVTO1429 1.1 1.0 1.0 
 

52.5 56.8 54.7 
 

55.7 55.0 55.3 

Eden select x Cal JVF 0.7 0.9 0.8 
 

55.7 57.1 56.4 
 

40.2 50.6 45.4 

Eden select x AVTO1424 1.0 1.0 1.0 
 

51.4 55.6 53.5 
 

50.7 52.6 51.6 

Eden select x Danny select  0.9 0.9 0.9 
 

50.8 59.5 55.1 
 

43.7 52.7 48.2 

Eden select x AVTO1314 1.1 1.1 1.1 
 

44.5 52.3 48.4 
 

49.2 59.2 54.2 

Eden select x UC82 0.8 0.9 0.9 
 

54.3 55.3 54.8 
 

44.1 50.0 47.0 

Eden select x Valoria select 0.9 0.9 0.9 
 

51.6 58.0 54.8 
 

44.7 51.9 48.3 

Eden select x Rio Grande 0.8 0.8 0.8 
 

56.6 64.3 60.5 
 

46.6 52.5 49.6 

Roma VF x AVTO1429 0.9 0.9 0.9 
 

49.8 52.6 51.2 
 

42.5 47.4 45.0 

Roma VF x Cal JVF 0.8 0.9 0.8 
 

51.6 55.0 53.3 
 

42.0 47.0 44.5 

Roma VF x AVTO1424 0.8 0.9 0.9 
 

50.9 51.3 51.1 
 

41.9 48.0 44.9 

Roma VF x Danny select 0.8 0.9 0.8 
 

55.3 55.4 55.4 
 

42.0 49.6 45.8 

Roma VF x AVTO1314 1.1 1.0 1.0 
 

46.4 47.5 47.0 
 

49.0 48.6 48.8 

Roma VF x UC82 0.8 0.8 0.8 
 

52.5 53.2 52.9 
 

43.9 44.5 44.2 

Roma VF x Valoria select 0.9 0.9 0.9 
 

50.5 52.4 51.5 
 

44.1 45.8 45.0 

Roma VF x Rio Grande 0.8 0.9 0.8 
 

52.5 57.2 54.8 
 

40.5 48.9 44.7 

AVTO1429 x Cal JVF 1.0 1.0 1.0 
 

49.1 53.7 51.4 
 

49.1 52.9 51.0 

AVTO1429 x AVTO1424 1.1 0.9 1.0 
 

49.1 54.9 52.0 
 

55.3 50.9 53.1 

AVTO1429 x Danny select 1.2 1.1 1.2 
 

44.4 51.7 48.0 
 

53.9 56.6 55.2 

AVTO1429 x AVTO1314 1.3 1.1 1.2 
 

42.2 52.1 47.1 
 

54.9 58.0 56.5 

AVTO1429 x UC82 1.0 1.1 1.1 
 

48.4 48.6 48.5 
 

50.2 52.5 51.3 

AVTO1429 x Valoria select 1.1 1.1 1.1 
 

46.5 54.3 50.4 
 

51.7 58.3 55.0 

AVTO1429 x Rio Grande 1.1 1.1 1.1 
 

47.6 56.2 51.9 
 

50.6 59.9 55.2 

Cal JVF x AVTO1424 0.9 0.9 0.9 
 

50.8 53.7 52.2 
 

45.7 49.2 47.5 

Cal JVF x Danny select 0.9 1.0 0.9 
 

49.9 51.6 50.8 
 

42.8 49.4 46.1 

Cal JVF x AVTO1314 1.1 1.1 1.1 
 

43.4 46.9 45.2 
 

49.4 51.4 50.4 

Cal JVF x UC82 0.8 1.0 0.9 
 

52.0 52.1 52.0 
 

41.5 49.5 45.5 

Cal JVF x Valoria select 0.8 0.9 0.9 
 

53.2 55.7 54.4 
 

44.4 51.9 48.2 

Cal JVF x Rio Grande 0.8 0.9 0.9 
 

54.5 53.3 53.9 
 

45.0 46.6 45.8 

AVTO1424 x Danny select 0.9 0.9 0.9 
 

48.5 51.1 49.8 
 

45.7 47.3 46.5 

AVTO1424 x AVTO1314 1.2 1.2 1.2 
 

48.3 45.1 46.7 
 

56.4 54.1 55.3 

AVTO1424 x UC82 0.9 0.9 0.9 
 

50.4 51.4 50.9 
 

44.5 47.6 46.1 

AVTO1424 x Valoria select 0.9 0.9 0.9 
 

51.9 55.8 53.9 
 

44.9 51.2 48.1 

AVTO1424 x Rio Grande 0.9 0.9 0.9 
 

50.7 56.8 53.8 
 

46.4 51.5 49.0 

Danny select x AVTO1314 1.2 1.1 1.1 
 

46.1 48.8 47.4 
 

53.7 53.3 53.5 

Danny select x UC82 0.8 1.0 0.9 
 

51.7 50.0 50.8 
 

41.9 47.4 44.7 

Danny select x Valoria select 0.9 0.9 0.9 
 

51.0 54.8 52.9 
 

44.9 49.0 47.0 

Danny select x Rio Grande 0.8 0.9 0.9 
 

52.7 57.8 55.2 
 

43.5 51.7 47.6 
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AVTO1314 x UC82 1.1 1.1 1.1 
 

44.3 48.9 46.6 
 

50.2 51.8 51.0 

AVTO1314 x Valoria select 1.1 1.1 1.1 
 

47.8 51.2 49.5 
 

53.8 54.6 54.2 

AVTO1314 x Rio Grande 1.1 1.1 1.1 
 

46.8 53.3 50.0 
 

50.4 57.7 54.1 

UC82 x Valoria select 0.9 0.9 0.9 
 

49.6 53.4 51.5 
 

42.9 49.2 46.1 

UC82 x Rio Grande 0.8 0.9 0.9 
 

51.1 54.4 52.8 
 

42.8 49.5 46.2 

Valoria select x Rio Grande 0.7 0.9 0.8 
 

53.9 54.8 54.3 
 

39.0 50.0 44.5 

Grand mean 0.9 1.0 0.9 
 

50.2 53.7 52.0 
 

46.1 51.0 48.5 

CV (%) 
  

0.08 
   

3.07 
   

4.26 

LSD (5%) 
  

0.13 
   

5.09 
   

6.87 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete and Mwea, 2018. 

 

Table 6. 10: Fruit firmness, pericarp thickness and number of locules per fruit of 45 F1 

hybrids grown in Kabete and Mwea stations evaluated in 2018 
 

Parents  

Fruit traits 

Fruit firmness (Ncm2) 
 

Pericarp thickness (mm)   Number of locules fruitˉ1 

Kabete Mwea Mean 
 

Kabete Mwea Mean 
 

Kabete Mwea Mean 

Eden select x Roma VF 79.0 76.3 77.6 
 

5.2 6.3 5.2 
 

3 4 3 

Eden select x AVTO1429 96.1 94.9 95.5 
 

5.7 5.7 5.7 
 

5 4 5 

Eden select x Cal JVF 91.5 90.0 90.8 
 

7.6 5.9 6.8 
 

3 3 3 

Eden select x AVTO1424 94.5 92.8 93.6 
 

5.6 5.7 5.6 
 

3 3 3 

Eden select x Danny select  83.9 82.8 83.4 
 

4.7 5.9 5.3 
 

3 3 3 

Eden select x AVTO1314 89.6 88.0 88.8 
 

4.9 5.5 5.2 
 

4 5 4 

Eden select x UC82 83.2 81.9 82.5 
 

5.2 6.3 5.7 
 

3 5 4 

Eden select x Valoria select 86.5 85.0 85.7 
 

4.9 6.2 5.5 
 

3 3 3 

Eden select x Rio Grande 87.4 86.2 86.8 
 

5.8 6.9 6.4 
 

3 3 3 

Roma VF x AVTO1429 82.7 81.7 82.2 
 

5.1 5.2 5.2 
 

3 3 3 

Roma VF x Cal JVF 80.4 79.4 79.9 
 

6.6 5.9 6.3 
 

2 3 3 

Roma VF x AVTO1424 89.9 88.4 89.1 
 

5.0 5.5 5.2 
 

2 3 3 

Roma VF x Danny select 79.3 78.2 78.7 
 

4.7 5.9 5.3 
 

3 3 3 

Roma VF x AVTO1314 87.9 86.7 87.3 
 

4.8 4.5 4.6 
 

4 4 4 

Roma VF x UC82 78.0 76.6 77.3 
 

4.8 5.1 4.9 
 

3 3 3 

Roma VF x Valoria select 92.7 91.2 91.9 
 

4.9 5.3 5.1 
 

3 2 3 

Roma VF x Rio Grande 86.1 84.8 85.4 
 

5.3 6.3 5.8 
 

2 3 2 

AVTO1429 x Cal JVF 94.0 92.5 79.9 
 

8.1 6.4 7.2 
 

4 5 4 

AVTO1429 x AVTO1424 97.7 96.4 97.0 
 

4.9 4.8 4.8 
 

5 6 6 

AVTO1429 x Danny select 97.3 96.0 96.7 
 

5.3 5.4 5.3 
 

5 5 5 

AVTO1429 x AVTO1314 78.2 77.1 77.7 
 

3.5 4.7 4.1 
 

7 6 7 

AVTO1429 x UC82 82.9 81.8 82.4 
 

5.0 5.3 5.1 
 

4 4 4 

AVTO1429 x Valoria select 93.4 92.0 92.7 
 

6.0 6.3 6.1 
 

5 5 5 

AVTO1429 x Rio Grande 92.9 91.7 92.3 
 

5.7 5.9 5.8 
 

4 15 9 

Cal JVF x AVTO1424 99.6 98.4 99.0 
 

5.9 5.9 5.9 
 

2 3 3 

Cal JVF x Danny select 90.8 89.5 90.1 
 

4.9 5.6 5.3 
 

2 3 3 

Cal JVF x AVTO1314 85.5 84.3 84.9 
 

5.8 5.4 5.6 
 

4 4 4 

Cal JVF x UC82 82.1 81.0 81.6 
 

5.0 5.5 5.3 
 

3 3 3 

Cal JVF x Valoria select 88.4 87.4 87.9 
 

5.0 6.4 5.7 
 

3 3 3 

Cal JVF x Rio Grande 89.6 88.5 89.0 
 

6.1 6.3 6.2 
 

3 2 3 

AVTO1424 x Danny select 90.6 89.3 89.9 
 

5.7 5.3 5.5 
 

3 3 3 

AVTO1424 x AVTO1314 93.7 92.3 93.0 
 

4.4 4.0 4.2 
 

5 6 5 

AVTO1424 x UC82 83.7 82.5 83.1 
 

5.8 5.4 5.6 
 

3 3 3 

AVTO1424 x Valoria select 82.8 81.7 82.2 
 

5.6 5.7 5.7 
 

3 3 3 
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AVTO1424 x Rio Grande 92.5 90.9 91.7 
 

6.4 6.8 6.6 
 

3 3 3 

Danny select x AVTO1314 88.4 86.9 87.7 
 

5.2 5.1 5.1 
 

4 5 5 

Danny select x UC82 79.5 78.4 79.0 
 

4.9 5.6 5.2 
 

3 3 3 

Danny select x Valoria select 95.5 94.4 94.9 
 

4.9 5.7 5.3 
 

3 3 3 

Danny select x Rio Grande 88.1 86.9 87.5 
 

5.2 6.5 5.8 
 

2 3 3 

AVTO1314 x UC82 91.9 90.3 91.1 
 

22.9 4.7 13.8 
 

5 5 5 

AVTO1314 x Valoria select 93.4 92.1 92.7 
 

5.2 6.3 5.7 
 

4 4 4 

AVTO1314 x Rio Grande 80.4 79.5 80.0 
 

5.3 5.9 5.6 
 

4 5 5 

UC82 x Valoria select 88.0 86.8 87.4 
 

4.8 5.9 5.4 
 

2 2 2 

UC82 x Rio Grande 82.7 81.7 82.2 
 

4.8 5.8 5.3 
 

3 3 3 

Valoria select x Rio Grande 87.3 86.4 86.9 
 

5.0 6.5 5.7 
 

2 2 2 

Grand mean 93.1 91.7 92.4 
 

5.6 5.7 5.7 
 

3 4 3 

CV (%) 
  

69.83 
   

3.11 
   

1.89 

LSD (5%) 
  

111.36 
   

5 
   

3.05 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete and Mwea, 2018. 

 

Table 6. 11: Total soluble sugar, number of seeds per gram and weight of 100 seeds of 45 

F1 hybrids grown in Kabete and Mwea stations evaluated in 2018 

 

 

Parents 

Fruit traits 

Total soluble sugar (% 

Brix) 

 
Number of seeds gˉ1   Weight of 100 seeds (g) 

Kabete Mwea Mean 
 

Kabete Mwea Mean 
 

Kabete Mwea Mean 

Eden select x Roma VF 4.86 4.79 4.82 
 

423 426 424 
 

0.24 0.24 0.24 

Eden select x AVTO1429 5.31 5.02 5.17 
 

335 336 336 
 

0.32 0.32 0.32 

Eden select x Cal JVF 4.79 4.85 4.82 
 

378 381 380 
 

0.33 0.33 0.33 

Eden select x AVTO1424 4.69 4.53 4.61 
 

385 387 386 
 

0.27 0.27 0.27 

Eden select x Danny select  4.83 4.71 4.77 
 

358 359 358 
 

0.28 0.28 0.28 

Eden select x AVTO1314 5.17 5.09 5.13 
 

377 378 378 
 

0.24 0.24 0.24 

Eden select x UC82 4.52 4.61 4.57 
 

339 341  340 
 

0.23 0.23 0.23 

Eden select x Valoria select 4.55 4.44 4.50 
 

490 492 491 
 

0.29 0.29 0.29 

Eden select x Rio Grande 4.69 4.51 4.60 
 

434 436 435 
 

0.26 0.26 0.26 

Roma VF x AVTO1429 4.62 4.35 4.49 
 

331 332 331 
 

0.25 0.25 0.25 

Roma VF x Cal JVF 5.54 5.25 5.40 
 

348 350 349 
 

0.22 0.22 0.22 

Roma VF x AVTO1424 5.10 4.92 5.01 
 

294 296 295 
 

0.32 0.32 0.32 

Roma VF x Danny select 4.75 4.81 4.78 
 

313 314 313 
 

0.35 0.35 0.35 

Roma VF x AVTO1314 4.92 4.67 4.79 
 

306 307 307 
 

0.29 0.29 0.29 

Roma VF x UC82 4.63 4.53 4.58 
 

329 331 330 
 

0.23 0.23 0.23 

Roma VF x Valoria select 4.88 4.73 4.81 
 

310 311 311 
 

0.27 0.27 0.27 

Roma VF x Rio Grande 5.12 5.12 5.12 
 

299 300 300 
 

0.33 0.33 0.33 

AVTO1429 x Cal JVF 5.22 5.24 5.23 
 

284 285 285 
 

0.36 0.36 0.36 

AVTO1429 x AVTO1424 5.03 4.72 4.88 
 

307 309 308 
 

0.28 0.28 0.28 

AVTO1429 x Danny select 4.96 4.89 4.92 
 

310 311 311 
 

0.31 0.31 0.31 

AVTO1429 x AVTO1314 4.66 4.60 4.63 
 

346 348 347 
 

0.24 0.24 0.24 

AVTO1429 x UC82 5.06 4.90 4.98 
 

290 291 290 
 

0.36 0.36 0.36 

AVTO1429 x Valoria select 4.91 4.69 4.80 
 

296 297 297 
 

0.33 0.33 0.33 
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AVTO1429 x Rio Grande 4.64 4.53 4.59 
 

280 282 281 
 

0.31 0.31 0.31 

Cal JVF x AVTO1424 4.63 4.55 4.59 
 

283 284 284 
 

0.39 0.39 0.39 

Cal JVF x Danny select 5.16 4.94 5.05 
 

293 294 294 
 

0.35 0.35 0.35 

Cal JVF x AVTO1314 5.03 4.92 4.97 
 

293 297 295 
 

0.36 0.36 0.36 

Cal JVF x UC82 5.04 5.03 5.04 
 

310 312 311 
 

0.29 0.29 0.29 

Cal JVF x Valoria select 5.35 5.31 5.33 
 

325 327 326 
 

0.33 0.33 0.33 

Cal JVF x Rio Grande 5.31 5.58 5.45 
 

350 351 351 
 

0.29 0.29 0.29 

AVTO1424 x Danny select 4.43 4.39 4.41 
 

325 328 327 
 

0.30 0.30 0.30 

AVTO1424 x AVTO1314 4.83 4.75 4.79 
 

379 380 380 
 

0.20 0.20 0.20 

AVTO1424 x UC82 4.19 4.31 4.25 
 

277 278 277 
 

0.28 0.28 0.28 

AVTO1424 x Valoria select 4.69 4.73 4.71 
 

320 324 322 
 

0.33 0.33 0.33 

AVTO1424 x Rio Grande 4.72 4.60 4.66 
 

259 260 259 
 

0.40 0.40 0.40 

Danny select x AVTO1314 4.88 4.80 4.84 
 

358 359 358 
 

0.33 0.33 0.33 

Danny select x UC82 5.04 4.95 5.00 
 

325 326 326 
 

0.32 0.32 0.32 

Danny select x Valoria select 5.15 5.09 5.12 
 

412 413 413 
 

0.31 0.31 0.31 

Danny select x Rio Grande 5.13 4.93 5.03 
 

328 329 328 
 

0.27 0.27 0.27 

AVTO1314 x UC82 4.54 4.40 4.47 
 

339 341 340 
 

0.29 0.29 0.29 

AVTO1314 x Valoria select 4.89 4.88 4.89 
 

313 314 314 
 

0.27 0.27 0.27 

AVTO1314 x Rio Grande 5.28 5.21 5.25 
 

325 326 326 
 

0.29 0.29 0.29 

UC82 x Valoria select 4.73 4.68 4.70 
 

316 317 317 
 

0.34 0.34 0.34 

UC82 x Rio Grande 4.93 4.90 4.92 
 

330 330 330 
 

0.38 0.38 0.38 

Valoria select x Rio Grande 4.76 4.69 4.73 
 

460 462 461 
 

0.26 0.26 0.26 

Grand mean 4.89 4.81 4.85 
 

339 341 340 
 

0.30 0.30 0.30 

CV (%) 
  

0.44 
   

10.74 
   

0.04 

LSD (5%) 
  

0.71 
   

17.12 
   

0.07 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete and Mwea, 2018. 

 

Table 6. 12: Fruit weight, yield per plant and yield per hectare of 45 F1 hybrids grown in 

Kabete and Mwea stations evaluated in 2018 

 

Parents  

Fruit traits 

Fruit weight (g) 
 

Yield plantˉ1 (kg)   Yield haˉ1 (kg) 

Kabete Mwea Mean 
 

Kabete Mwea Mean 
 

Kabete Mwea Mean 

Eden select x Roma VF 64 90 77 
 

2.97 1.61 2.29 
 

59,430 32,254 45,842 

Eden select x AVTO1429 103 97 100 
 

2.43 2.27 2.35 
 

48,590 45,438 47,017 

Eden select x Cal JVF 59 96 77 
 

2.49 2.24 2.36 
 

49,754 44,707 47,231 

Eden select x AVTO1424 74 94 84 
 

2.96 3.22 3.09 
 

59,119 64,377 61,748 

Eden select x Danny select  60 95 77 
 

2.87 2.41 2.64 
 

57,454 48,269 52,862 

Eden select x AVTO1314 69 109 89 
 

2.86 1.99 2.43 
 

57,182 39,846 48,514 

Eden select x UC82 66 82 74 
 

2.88 2.5 2.69 
 

57,548 49,996 53,772 

Eden select x Valoria select 64 97 80 
 

2.99 2.6 2.8 
 

59,83 51,971 55,903 

Eden select x Rio Grande 78 98 88 
 

2.6 1.76 2.18 
 

52,018 35,280 43,649 

Roma VF x AVTO1429 57 73 65 
 

3.18 3.12 3.15 
 

63,544 62,343 62,944 

Roma VF x Cal JVF 54 71 63 
 

2.49 2.46 2.48 
 

49,762 49,249 49,506 

Roma VF x AVTO1424 59 72 65 
 

2.34 2.89 2.62 
 

46,846 57,828 52,337 

Roma VF x Danny select 59 71 65 
 

2.71 2.19 2.45 
 

54,110 43,696 48,903 
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Roma VF x AVTO1314 70 69 70 
 

2.78 2.19 2.48 
 

55,526 43,734 49,630 

Roma VF x UC82 57 59 58 
 

3.91 2.81 3.36 
 

78,283 56,202 67,243 

Roma VF x Valoria select 63 64 64 
 

3.25 2.27 2.76 
 

64,991 45,399 55,195 

Roma VF x Rio Grande 53 78 66 
 

2.39 2.84 2.62 
 

47,810 56,778 52,294 

AVTO1429 x Cal JVF 73 91 82 
 

2.84 2.71 2.78 
 

56,848 54,141 55,494 

AVTO1429 x AVTO1424 102 128 115 
 

1.85 1.79 1.82 
 

36,960 35,716 36,338 

AVTO1429 x Danny select 73 102 87 
 

2.65 2.85 2.75 
 

52,951 56,933 54,942 

AVTO1429 x AVTO1314 90 110 100 
 

2.29 2.21 2.25 
 

45,858 44,108 44,983 

AVTO1429 x UC82 74 68 71 
 

2.73 2.45 2.59 
 

54,662 48,984 51,823 

AVTO1429 x Valoria select 84 113 98 
 

2.58 2.49 2.53 
 

51,621 49,739 50,680 

AVTO1429 x Rio Grande 82 117 100 
 

2.05 2.08 2.06 
 

40,950 41,502 41,226 

Cal JVF x AVTO1424 63 78 71 
 

3.07 3.03 3.05 
 

61,359 60,573 60,966 

Cal JVF x Danny select 54 68 61 
 

2.67 3.03 2.85 
 

53,301 60,651 56,976 

Cal JVF x AVTO1314 68 73 71 
 

2.8 2.09 2.45 
 

56,054 41,829 48,942 

Cal JVF x UC82 56 58 57 
 

2.58 1.65 2.11 
 

51,512 32,970 42,241 

Cal JVF x Valoria select 63 80 71 
 

2.92 2.6 2.76 
 

58,310 51,924 55,117 

Cal JVF x Rio Grande 64 69 67 
 

2.31 1.97 2.14 
 

46,122 39,387 42,754 

AVTO1424 x Danny select 63 67 65 
 

2.54 2.01 2.27 
 

50,758 40,211 45,484 

AVTO1424 x AVTO1314 102 80 91 
 

2.16 1.8 1.98 
 

43,128 35,918 39,523 

AVTO1424 x UC82 62 61 61  3.1 2.96 3.03  61,942 59,267 60,604 

AVTO1424 x Valoria select 65 88 76 
 

2.34 2.62 2.48 
 

46,768 52,313 49,541 

AVTO1424 x Rio Grande 70 88 79 
 

2.08 2.81 2.44 
 

41,564 56,093 48,829 

Danny select x AVTO1314 85 84 85 
 

2.68 1.85 2.27 
 

53,612 37,030 45,321 

Danny select x UC82 55 61 58 
 

3.24 2.16 2.7 
 

64,820 43,182 54,001 

Danny select x Valoria select 63 74 69 
 

3.43 2.54 2.98 
 

68,553 50,812 59,683 

Danny select x Rio Grande 62 81 72 
 

2.66 2.53 2.59 
 

53,091 50,594 51,843 

AVTO1314 x UC82 74 78 76 
 

2.85 2.24 2.55 
 

57,034 44,862 50,948 

AVTO1314 x Valoria select 85 91 88 
 

3.19 1.98 2.59 
 

63,840 39,550 51,695 

AVTO1314 x Rio Grande 75 109 92 
 

1.99 1.58 1.79 
 

39,884 31,601 35,743 

UC82 x Valoria select 56 73 65 
 

3.52 2.4 2.96 
 

70,327 48,051 59,189 

UC82 x Rio Grande 55 69 62 
 

2.78 1.9 2.34 
 

55,518 37,994 46,756 

Valoria select x Rio Grande 61 77 69 
 

3.2 1.85 2.52 
 

64,042 36,913 50,478 

Grand mean 67 128 97 
 

2.55 2.27 2.41 
 

50,905 45,421 48,163 

CV (%) 
  

412.8 
   

0.58 
   

11,591.50 

LSD (5%) 
  

663.9 
   

1.1 
   

21,903.90 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. 

Environments were Kabete and Mwea, 2018. 

 

6.5 Heterosis  

6.5.1 Days to 50% flowering 

Better parent heterosis for days to 50% flowering was shown by positive and negative 

percentage. Five out of 45 F1 hybrids had positive percentage heterosis while 40 F1 hybrids had 

negative percentage. This indicated that 89% of the F1 hybrids with negative percentage had 

reduced days to 50% flowering (more than 4 days) as compared to their better parents. Only 

11% of the F1 hybrids with positive percentage had increased days to 50% flowering (more 

than 2 days) compared to their better parents. Heterosis for days to 50% flowering ranged from 

-8.92% (Roma VF x Valoria select) to 3.85% (Cal J x UC82). F1 hybrids that showed earliest 
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flowering compared to their better parent were Roma VF x Valoria (-8.92), Roma VF x 

AVTO1429 (-8.80%), Cal J x Valoria select (-8.13%) and AVTO1424 x AVTO1314 (-6.95%). 

Hybrids which were late flowering compared to their better parents included Cal J x UC82 

(3.85%), AVTO1429 x Danny select (2.11%), AVTO1429 x UC82 (0.62%), Danny select x 

Rio Grande (0.29%) and Cal J x AVTO1424 (0.01%) (Table 6.13). 

 

 

Figure 6. 5: Graph of extreme heterosis trends for F1 hybrids with reduce (negative %) and 

increased (positive %) days to 50% flowering 
 

6.5.2 Days to maturity 

Better parent heterosis for days to maturity was shown by positive and negative percentage. 

Five out of 45 F1 hybrids had negative percentage heterosis while 40 F1 hybrids had positive 

percentage. This indicated that only 11% of the F1 hybrids with negative percentage had 

reduced days to maturity (more than 12 days) as compared to their better parents while 89% of 

the F1 hybrids with positive percentage had increased days to maturity (less than 17 days) 

compared to their better parents. Heterosis for days to maturity ranged from -13.11% 

(AVTO1424 x AVTO1314) to 19.96% (AVTO1429 x UC82). F1 hybrids which showed 

heterosis for earliest maturity were AVTO1424 x AVTO1314 (-13.11%), Eden select x 

AVTO1314 (-0.29%), AVTO1429 x AVTO1314 (-0.06%), Cal J x AVTO1314 (-12.61%) and 

UC82 x Valoria select (-3.99%). F1 hybrids which showed latest maturity were Eden select x 

Valoria select (10.05%), Roma VF x Danny select (13.94%), Roma VF x UC82 (15.24%), 

AVTO1429 x Danny select (18.32%), AVTO1429 x UC82 (19.96%), Cal J x Danny select 

(16.60%), Cal J x UC82 (12.50%), AVTO1424 x Danny select (16.60%), AVTO1424 x UC82 
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(15.24%), Danny select x AVTO1314 (12.99%), Danny select x UC82 (13.88%) and Danny 

select x Rio Grande (11.45%) (Table 6.13). 

 

 

Figure 6. 6: Graph of extreme heterosis trends for F1 hybrids with reduce (negative %) and 

increased (positive %) days to maturity 

 

6.5.3 Number of trusses plantˉ1  

Results showed that all the F1 hybrids had significant increase in the number of trusses per 

plant as compared to their better parents. The increase in the number of trusses per plant was 

by more than 7 trusses for the F1 hybrids with lowest heterosis. Number of trusses per plant 

varied from 359% (Cal J x AVTO1314) to 146.20% (Cal J x Rio Grande). F1 hybrids with the 

highest number of trusses per plant were Cal J x AVTO1314 (359.18%) followed by 

AVTO1429 x AVTO1314 (339.08%), Roma VF x AVTO1424 (308.67), Eden select x 

AVTO1429 (302.24%), Roma VF x UC82 (293.77%), Cal J x AVTO1424 (283.84%) and 

AVTO1429 x Valoria (282.22%). Crosses with least number of trusses per plant were Cal J x 

Danny select (146.20%) followed by AVTO1429 x UC82 (156.53%), Danny select x Valoria 

select (162.01%), UC82 x Rio Grande (163.21%), Danny select x Rio Grande (163.42%) and 

Cal J x UC82 (166.56%) (Table 6.13). 

6.5.4 Fruit shape index (FSI) 

Better parent heterosis showed that 11% of F1 hybrids had negative percentage which indicated 

elongated fruit shape while 89% of F1 hybrids had positive heterosis percentage that indicated 

pronounced fruit shape. Fruit shape index ranged from –5.34% (Valoria select x Rio Grande) 

to 42.35% (Roma VF x AVTO1314). F1 hybrids with the most elongated fruit shape were Eden 
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select x Cal J (-4.59%), Eden select x Rio Grande (-5.19%), Cal J x Rio Grande (-1.58%), 

Danny select x Rio Grande (-0.37%) and Valoria select x Rio Grande (-5.34%). Crosses with 

pronounced round fruit shape included Eden select x AVTO1314 (32.70%), Roma VF x 

AVTO1314 (42.35%), AVTO1429 x Valoria select (26.84%), Cal J x AVTO1314 (27.17%), 

AVTO1424 x AVTO1314 (31.85%), AVTO1314 x UC82 (26.81%) and AVTO1314 x Valoria 

select (26.80%) (Table 6.13). 

 

 

Figure 6. 7: Pictures of pronounced round fruit shapes trends for F1 hybrid (T2 x T3, Roma VF x 

AVTO1429 hybrid, T28) from parent with round shape (AVTO1429, T3) and elongated parent (Roma 

VF, T2) from Mwea field 2017. 
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6.5.5 Total soluble sugars (% Brix) 

Better parent heterosis for total soluble sugars showed that 76% of F1 hybrids had reduced total 

soluble sugars compared to the better parents while 24% of the F1 hybrids had increased soluble 

sugar compared to better parents. Positive heterosis percentage indicated that the F1 hybrids 

had higher total soluble sugars compared to the better parent while the negative heterosis 

percentage indicated the F1 hybrids had lower soluble sugars compared to the better parent. 

Total soluble sugars ranged from –16.92% (AVTO1424 x Danny select) to 8.03% (Roma VF 

x Cal J). F1 hybrids with low total soluble sugars compared to the parent were Eden select x 

Danny select (-10.08%), Eden select x Rio Grande (-10.37%), Roma VF x AVTO1429 (-

11.19%), AVTO1429 x Rio Grande (-10.61%), AVTO1424 x Danny select (-16.92%) and 

AVTO1424 x UC82 (-11.99%). Crosses with highest soluble sugars included Roma VF x Cal 

J (8.03%), Roma VF x AVTO1424 (3.51%), AVTO1429 x Cal J (3.6%), Cal J x Valoria select 

(6.73%) and Cal J x Rio Grande (6.20%) (Table 6.13). 

 

 

Figure 6. 8: Extreme heterosis % trend for total soluble sugars indicating F1 hybrids with 

higher (positive %) and lower (negative %) soluble sugars compared to the better parent  
 

6.5.6 Number of seeds gˉ1 

Better parent heterosis for number of seeds per gram showed that 11% of F1 hybrids had 

increased number of seeds per gram (more than 64 seeds) compared to the better parents while 

89% of the F1 hybrids had reduced seeds per gram (more than 100 seeds) compared to better 

parents. Positive heterosis percentage indicated that the F1 hybrids had higher number of seeds 

per gram compared to the better parent while the negative heterosis percentage indicated the 

F1 hybrids had lower seeds compared to the better parent. Number of seeds per gram ranged 
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from 15.11% (Eden select x Valoria select) to -27.72% (AVTO1424 x Rio Grande). F1 hybrids 

that recorded highest number of seeds per gram were Eden select x Valoria select (15.11%), 

Eden select x Rio Grande (1.97%), AVTO1424 x AVTO1314 (9.31%), Danny select x Valoria 

select (1.43%) and Valoria select x Rio Grande (13.34%). Crosses with lowest number of seeds 

per gram included Roma VF x Valoria select (-23.68%), AVTO1429 x Valoria select (-

27.13%), Cal J x Danny select (-22.84%), AVTO1424 x Rio Grande (-27.72%), AVTO1314 x 

Valoria select (-22.94%) and UC82 x Valoria select (-22.20%) (Table 6.13). 

 

 

Figure 6. 9: Illustrate the two extreme heterotic effects- increase in seeds per g indicated by 

positive heterosis (%) and decrease in seeds indicated by negative heterosis (%)  

 

6.5.7 Yield plantˉ1 (kg) 

Better parent heterosis for yield per plant showed that 69% of F1 hybrids had increased yield 

per plant (more than 1.2kg) compared to the better parents while 31% of the F1 hybrids had 

reduced yields per plant (more than 0.50kg) compared to better parents. Positive heterosis 

percentage indicated that the F1 hybrids had higher yields per plant compared to the better 

parent while the negative heterosis percentage indicated that the F1 hybrids had lower yields 

compared to the better parent. Heterosis for yield per plant ranged from 114.39% (AVTO1429 

x AVTO1314) to -21.83% (AVTO1314 x Rio Grande). F1 hybrids with the highest heterosis 

for yield per plant were Eden select x AVTO1424 (61.03%), Roma VF x UC82 (51.24%), 

AVTO1429 x Cal J (51.14%), AVTO1429 x AVTO1424 (77.61%), AVTO1429 x AVTO1314 

(114.39%), Cal J x AVTO1424 (66.01%) and AVTO1424 x AVTO1314 (88.37%). Crosses 

with negative heterosis (reduced yields) for yield per plant included AVTO1429 x Valoria 
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select (-9.08%), AVTO1429 x Rio Grande (-9.84%), AVTO1424 x Danny select (-13.96%), 

AVTO1424 x Valoria select (-11.12%), Danny select x AVTO1314 (-14.26%), AVTO1314 x 

Rio Grande (-21.83%) and Valoria select x Rio Grande (-9.44%) (Table 6.13). 

 

 

Figure 6. 10: Illustrate the two extreme heterotic effects- increase in yield per plant indicated 

by positive heterosis (%) and decrease in yield indicated by negative heterosis (%) 
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Table 6. 13: Heterosis for days to 50% flowering, maturity, number of trusses per plant, fruit shape index, soluble sugars, number of seeds per gram, 

yield per plant and per ha grown in two environments in Kenya, 2018 

Cross 

Days to 

50% 

flowering 

(%) 

Better 

parent 

(d) 

Days to 

maturity 

(%) 

Better 

parent 

(d) 

Number 

of 

trusses 

plantˉ1 

(%) 

Better 

parent 

(no.) 

Fruit 

shape 

index 

(%) 

Better 

parent 

Total 

soluble 

sugars             

(% Brix) 

Better 

parent 

(%) 

Number 

of seeds 

gˉ1 (%) 

Better 

parent 

Yield 

plantˉ1 

(kg) (%) 

Better 

parent 

Yield 

haˉ1 

(kg) 

(%) 

Better 

parent 

Eden select x Roma VF -3.03 38.67 8.63 93.44 186.36 4.41 13.19 0.73 -0.35 4.84 -0.54 426.40 3.10 2.22 3.10 44,465 

Eden select x AVTO1429 -5.34 38.56 7.37 93.44 302.24 3.67 20.51 0.84 2.32 5.05 -21.29 426.40 22.64 1.92 22.61 38,348 

Eden select x Cal JVF -6.90 38.67 1.13 93.44 249.60 3.67 -4.59 0.84 -3.44 4.99 -11.00 426.40 23.21 1.92 23.16 38,348 

Eden select x AVTO1424 -3.89 38.67 7.37 93.44 267.33 3.67 14.89 0.84 -4.57 4.83 -9.50 426.40 61.03 1.92 61.02 38,348 

Eden select x Danny select  -6.09 36.56 7.64 87.33 178.42 4.94 3.68 0.84 -10.08 5.31 -15.98 426.40 0 2.64 0.02 52,851 

Eden select x AVTO1314 -7.21 38.44 -0.29 93.44 187.86 4.79 32.70 0.84 4.61 4.90 -11.46 426.40 26.55 1.92 26.51 38,348 

Eden select x UC82 -3.07 36.11 9.94 84.89 243.06 3.67 1.90 0.84 0.35 4.55 -20.28 426.40 31.81 2.04 31.80 40,797 

Eden select x Valoria select -0.87 38.67 10.05 93.44 206.19 3.88 4.75 0.84 -6.10 4.79 15.11 426.40 0.29 2.79 0.29 55,740 

Eden select x Rio Grande -1.30 38.67 9.51 93.44 217.00 3.69 -5.19 0.87 -10.37 5.13 1.97 426.40 -4.55 2.29 -4.51 45,711 

Roma VF x AVTO1429 -8.80 38.56 5.69 94.78 238.55 4.41 20.23 0.73 -11.19 5.05 -6.02 352.40 41.57 2.22 41.56 44,465 

Roma VF x Cal JVF -6.45 40.44 4.22 98.67 194.76 4.41 14.18 0.73 8.03 4.99 -0.98 352.40 11.34 2.22 11.34 44,465 

Roma VF x AVTO1424 -4.34 38.33 6.29 95.33 308.67 4.41 20.31 0.73 3.51 4.84 -16.36 352.40 17.72 2.22 17.70 44,465 

Roma VF x Danny select -0.16 36.56 13.94 87.33 189.36 4.94 13.41 0.73 -9.95 5.31 -17.66 380.40 -7.49 2.64 -7.47 52,851 

Roma VF x AVTO1314 -6.35 38.44 2.35 96.56 253.07 4.41 42.35 0.73 -2.28 4.90 -13.02 352.40 11.61 2.22 11.62 44,465 

Roma VF x UC82 -3.07 36.11 15.24 84.89 293.77 4.79 14.49 0.73 -5.31 4.84 -6.41 352.40 51.24 2.22 51.23 44,465 

Roma VF x Valoria select -8.92 40.44 4.90 98.67 197.25 4.41 19.63 0.73 -0.68 4.84 -23.68 406.90 -0.97 2.79 -0.98 55,740 

Roma VF x Rio Grande -5.21 40.44 2.70 98.67 211.32 4.41 11.47 0.73 -0.23 5.13 -16.42 358.50 14.39 2.29 14.40 45,711 

AVTO1429 x Cal JVF -1.89 38.56 6.21 94.78 214.73 4.41 13.12 0.88 3.60 5.05 -13.16 328.00 51.14 1.84 51.12 36,721 

AVTO1429 xAVTO1424 -4.77 38.33 6.74 94.78 269.33 3.42 14.02 0.90 -3.47 5.05 - 6.04 328.00 77.61 1.02 77.63 20,457 

AVTO1429 x Danny select 2.11 36.56 18.32 87.33 186.52 4.94 24.68 0.93 -7.27 5.31 -18.33 380.40 3.93 2.64 3.96 52,851 

AVTO1429 x AVTO1314 -0.71 38.44 -0.06 96.56 339.08 3.40 3.90 1.16 -8.32 5.05 -0.13 347.30 114.39 1.05 114.44 20,977 

AVTO1429 x UC82 0.62 36.11 19.96 84.89 156.53 4.79 22.24 0.87 -1.39 5.05 -12.18 330.40 27.01 2.04 27.03 40,797 

AVTO1429 x Valoria select -3.61 38.56 7.09 94.78 282.22 3.88 26.84 0.87 -5.01 5.05 -27.13 406.90 -9.08 2.79 -8 55,740 

AVTO1429 x Rio Grande -3.61 38.56 6.56 94.78 182.62 3.69 23.12 0.87 - 10.61 5.13 -21.68 358.50 -9.84 2.29 -9.81 45,711 

Cal JVF x AVTO1424 0.01 38.33 5.51 94.78 283.84 3.49 3.48 0.88 -8.09 4.99 -12.88 325.60 66.01 1.84 66.02 36,721 
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Table 6.13 continued                 

Cal JVF x Danny select -0.62 36.56 16.60 87.33 146.20 4.94 3.39 0.88 -4.82 5.31 -22.84 380.40 7.79 2.64 7.80 52,851 

Cal JVF x AVTO1314 -3.75 38.44 -12.61 94.78 359.18 3.49 27.17 0.88 -6.31 5.31 -15.07 347.30 33.28 1.84 33.28 36,721 

Cal JVF x UC82 3.85 36.11 12.50 84.89 166.56 4.79 1.22 0.87 0.82 4.99 -5.90 330.40 3.53 2.04 3.54 40,797 

Cal JVF x Valoria select -8.13 41.00 2.34 94.78 192.01 3.88 2.24 0.87 6.73 4.99 -19.91 406.90 -1.11 2.79 -1.12 55,740 

Cal JVF x Rio Grande -5.36 41.56 6.21 94.78 170.98 3.69 -1.58 0.87 6.20 5.13 -2.20 358.50 -6.47 2.29 -6.47 45,711 

AVTO1424 x Danny select -0.62 36.56 16.60 87.33 204.15 4.94 4.14 0.90 -16.92 5.31 -14.15 380.40 -13.96 2.64 -13.94 52,851 

AVTO1424 x AVTO1314 -6.95 38.33 -13.11 95.33 276.06 3.42 31.85 0.90 -2.28 4.90 9.31 347.30 88.37 1.05 88.41 20,977 

AVTO1424 x UC82 -7.69 36.11 15.24 84.89 225.88 4.79 4.56 0.87 -11.99 4.83 -16.02 330.40 48.53 2.04 48.55 40,797 

AVTO1424 x Valoria select -2.60 38.33 6.29 95.33 237.11 3.88 3.05 0.87 -2.46 4.83 -20.91 406.90 -11.12 2.79 -11.12 55,740 

AVTO1424 x Rio Grande -5.21 38.33 3.15 95.33 265.46 3.69 5.72 0.87 -9.09 5.13 -27.72 358.50 6.78 2.29 6.82 45,711 

Danny select x AVTO1314 -2.44 36.56 12.99 87.33 193.82 4.94 21.54 0.93 -8.85 5.31 -5.81 380.40 -14.26 2.64 -14.25 52,851 

Danny select x UC82 -4.92 36.11 13.88 84.89 207.40 4.94 1.87 0.87 -5.84 5.31 -14.39 380.40 2.16 2.64 2.18 52,851 

Danny select x Valoria select -5.63 36.56 8.78 87.33 162.01 4.94 2.72 0.87 -3.54 5.31 1.43 406.90 7.07 2.79 7.07 55,740 

Danny select x Rio Grande 0.29 36.56 11.45 87.33 163.42 4.94 -0.37 0.87 -5.24 5.31 -13.71 380.40 -1.93 2.64 -1.91 52,851 

AVTO1314 x UC82 -6.77 36.11 9.75 84.89 246.15 4.79 26.81 0.87 -8.81 4.90 -2.12 347.30 24.85 2.04 24.88 40,797 

AVTO1314 x Valoria select -6.78 38.44 1.49 96.56 268.81 3.88 26.80 0.87 -0.35 4.90 -22.94 406.90 -7.25 2.79 -7.26 55,740 

AVTO1314 x Rio Grande -2.01 38.44 0.46 96.56 275.26 3.88 24.92 0.87 2.26 5.13 -9.19 358.50 -21.83 2.29 -21.81 45,711 

UC82 x Valoria select -1.23 36.11 -3.99 84.89 204.16 4.79 3.43 0.87 -1.82 4.79 -22.20 406.90 6.17 2.79 6.19 55,740 

UC82 x Rio Grande -5.38 36.11 8.96 84.89 163.21 4.79 1.08 0.87 -4.17 5.13 -7.93 358.50 2.27 2.29 2.29 45,711 

Valoria select x Rio Grande -4.07 41.00 5.39 96.78 249.48 3.88 -5.34 0.87 -7.88 5.13 13.34 406.90 -9.44 2.79 -9.44 55,740 

Environments were Kabete 2018 long rain seasons, and at Mwea during 2018 long rain season.
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6.6 Combining ability analyses 

Analysis for combining ability showed that the two environments (Kabete and Mwea) had no 

significant contribution to expression of all the traits at P≤0.01 (Table 6.14). There was high 

significant difference among the ten genotypes for general combining ability effects to days to 

50% flowering, days to maturity, chlorophyll concentration, single leaf length, width, area, 

stem girth, number of primary branches, plant height, locules per fruit, truss per plant, number 

of seeds, weight of 100 seeds, fruit length, diameter, shape index, total soluble sugars, fruit 

firmness and fruit yield at P≤0.05. However, there was no significant difference for GCA 

effects to pericarp thickness trait. There was high significant difference for specific combining 

ability effects (Male x Female) to all the traits evaluated except for single leaf width, stem girth, 

pericarp thickness and fruit diameter that had no significant difference at P≤0.01. 

6.6.1 Days to 50% flowering 

There was no significance difference between the two-environment tested for combining ability 

to days to 50% flowering trait at P≤0.01 (Table 6.14). General combining ability and specific 

combing ability for days to 50% flowering was highly significant (P≤0.01). Interaction between 

the parental genotypes and the environment contributed significantly to the days to 50% 

flowering at (P≤0.01). There was high significant difference for interaction between specific 

combining ability and the environments at (P≤0.01). Cal J, Rio Grande and Roma VF 

contributed positive GCA effects for days to 50% flowering signifying genotypes with late 

flowering.  UC82 (-1.56), Danny select (-0.79), AVTO1314 (-0.18) and Eden select (-0.10) 

had negative GCA effects for days to 50% flowering signifying genotypes with early flowering 

(Table 6.16). 

UC82 x Rio Grande (-2.19) followed by Cal J x Danny select (-2.02), AVTO1424 x Valoria 

select (-1.78) and AVTO1314 x Valoria select (-1.71) recorded the highest negative SCA 

effects for days to 50% flowering indicating early flowering (Table 6.18). Late flowering was 

indicated by positive SCA effects and the crosses with highest value were Roma VF x Danny 

select (2.12) followed by Valoria select x Rio Grande (1.62), Danny select x UC82 (1.52) and 

AVTO1429 x Cal J (1.51).  

6.6.2 Days to maturity 

There was no significance difference between the two-environment tested for combining ability 

to days to maturity at P≤0.01 (Table 6.14). General combining ability and specific combing 

ability for days to maturity was highly significant (P≤0.01). Interaction between the parental 
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genotypes and the environment at (P≤0.01) had no significant contribution to the days of 

maturity. There was no significant difference for interaction between specific combining ability 

and the environments at (P≤0.01).  

Latest maturity was recorded in Roma VF (2.28), AVTO1424 (1.47) and Rio Grande (1.44) 

that contributed the highest positive GCA effects for maturity. The highest negative GCA 

effects for days to maturity was exhibited by parental line UC82 (-4.28), AVTO1314 (-2.04), 

Danny select (-0.90), Cal J (-0.50) and Eden select (-0.12) signifying early maturity (Table 

5.16). For SCA effect, latest maturity was exhibited by AVTO1429 x Rio Grande (9.05), Roma 

VF x AVTO1314 (7.68), Roma VF x Danny select (7.18) and Cal J x AVTO1314 (6.29) that 

recorded positive SCA effects for days to maturity. Negative SCA effects for days to maturity 

were recorded on the cross Danny select x AVTO1314 (-10.94) and AVTO1429 x AVTO1424 

(-10.19) indicating early maturity (Table 6.18). 

6.6.3 Chlorophyll concentration 

There was no significance difference between the two-environment tested for combining ability 

to chlorophyll concentration at P≤0.01 (Table 6.14). There was high significance contribution 

by the ten genotypes for GCA to chlorophyll concentration at (P≤0.01) from the analysis of 

variance. Specific combing ability for chlorophyll concentration was highly significant 

(P≤0.01). There was no significant difference for interaction between the GCA effects for 

parental genotypes and the environment for chlorophyll concentration trait at (P≤0.01). There 

was high significant difference for interaction between specific combining ability and the 

environments at (P≤0.01). 

Parental line AVTO1314 (1.84) and UC82 (0.88) contributed positive GCA effects for 

chlorophyll concentration signifying genotypes with highest chlorophyll content while 

negative GCA effects for chlorophyll concentration was exhibited by Eden select (-1.04), 

Roma VF (-1.25), Valoria select (-0.80), Cal J (-0.74) and Rio Grande (-0.12) indicating the 

lowest chlorophyll concentration (Table 6.16).  

Crosses between Eden select x AVTO1424 (1.43), AVTO1424 x AVTO1314 (1.36) and Danny 

select x Valoria select (1.15) recorded the highest positive SCA effects for chlorophyll 

concentration. Negative SCA effects for chlorophyll concentration were recorded on the 

crosses between UC82 x Valoria select (-2.79), AVTO1314 x Valoria select (-2.17), Cal J x 

Rio Grande (-2.14), Cal J x Danny select (-2.1) and Roma VF x Cal J (-2.03) (Table 6.18). 
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6.6.4 Single leaf length 

There was no significance difference between the two-environment tested for combining ability 

to single leaf length at P≤0.01 (Table 6.14). There was high significance contribution by the 

ten genotypes for GCA effects to single leaf length at (P≤0.01). From the analysis of variance, 

specific combing ability effects for single leaf length was highly significant at (P≤0.01). 

Interaction between the parental genotypes and the environment at (P≤0.01) had no significant 

difference for GCA effects to single leaf length. In addition, there was no significant difference 

for interaction between specific combining ability and the environments at (P≤0.01).  

Among the parental genotypes, AVTO1424 (1.18) and Danny select (1.00) contributed the 

highest positive GCA effects for leaf length signifying genotypes with longest single leaf length 

while negative GCA effects for single leaf length was exhibited by UC82 (-1.06), Eden select 

(-0.62), AVTO1314 (-0.61), Roma VF (-0.37), Cal J (-0.37) and Rio Grande (-0.25) indicating 

genotypes with the shortest single leaf length (Table 6.16).  

Crosses between AVTO1424 x UC82 (4.42) followed by Roma VF x AVTO1314 (1.68) and 

AVTO1429 x Valoria select (1.39) recorded the highest positive SCA effects for single leaf 

length. Negative SCA effects for single leaf length were recorded on the crosses between Eden 

select x Valoria select (-2.11), AVTO1314 x Rio Grande (-1.66), Eden select x Rio Grande (-

1.48), Cal J x AVTO1424 (-1.42) and AVTO1429 x Danny select (-1.38) (Table 6.18). 

6.6.5 Single leaf width  

There was no significance difference between the two-environment tested for combining ability 

to single leaf width at P≤0.01 (Table 6.14). There was high significance contribution by the ten 

genotypes for GCA effects to single leaf width at (P≤0.01). From the analysis of variance, 

specific combing ability effects for single leaf width was highly significant at (P≤0.01). 

Interaction between the parental genotypes (GCA effects) and the environment at (P≤0.01) had 

no significant contribution to single leaf width. In addition, there was no significant difference 

for interaction between specific combining ability and the environments at (P≤0.01). Danny 

select (1.63) contributed positive GCA effects for leaf width signifying genotypes with longest 

single leaf width while negative GCA effects for single leaf width was exhibited by AVTO1314 

(-1.17), Eden select (-0.59), Cal J (-0.33), AVTO1429 (-0.25) and UC82 (-0.06) (Table 5.16). 

For SCA effects, crosses between AVTO1314 x UC82 (2.85) followed by AVTO1314 x 

Valoria select (2.29) and Eden select x Cal J (1.86) recorded the highest positive SCA effects 

for single leaf width. Negative SCA effects for single leaf width was recorded on the crosses 
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between Roma VF x Rio Grande (-1.57), UC82 x Rio Grande (-1.48), Eden select x Danny 

select (-1.17) and Danny select x Rio Grande (-1.13) (Table 6.18). 

6.6.6 Single leaf Area (cm²) 

There was no significance difference between the two-environment tested for combining ability 

to single leaf area at P≤0.01 (Table 6.14). There was high significance contribution by the ten 

genotypes for GCA effects to single leaf area at (P≤0.01). From the analysis of variance, 

specific combing ability effects for single leaf area was highly significant at (P≤0.01). 

Interaction between the parental genotypes and the environment at (P≤0.01) had no significant 

contribution to GCA effects for single leaf area. In addition, there was no significant difference 

for interaction between specific combining ability and the environments at (P≤0.01). 

Danny select (1.32) and AVTO1424 (1.00) contributed positive GCA effects for leaf area 

signifying genotypes with biggest single leaf area while the negative GCA effects for single 

leaf area was exhibited by AVTO1314 (-0.87), UC82 (-0.83), Eden select (-0.67), Cal J (-0.40) 

and Roma VF (-0.26) signifying the smallest single leaf area (Table 5.16). SCA effects showed 

that AVTO1424 x UC82 (3.32), AVTO1314 x Valoria select (1.71), Roma VF x AVTO1429 

(1.40), AVTO1424 x Rio Grande (1.55), Eden select x Cal J (1.32), AVTO1429 x Valoria 

select (1.31), and UC82 x Valoria select (1.31) recorded positive SCA effects for single leaf 

area. Negative SCA effects for single leaf area were recorded on the crosses between Eden 

select x Rio Grande (-1.74), Cal J x Danny select (-1.59), AVTO1424 x Valoria select (-2.77) 

and AVTO1314 x Rio Grande (-1.47) (Table 6.18). 

6.6.7 Number of primary branches 

There was no significance difference between the two-environment tested for combining ability 

to the number of primary branches at P≤0.01 (Table 6.14). There was high significance 

contribution by the ten genotypes for GCA to number of primary branches at (P≤0.01) from 

the analysis of variance. From the analysis of variance, specific combing ability effects for 

number of primary branches was highly significant at (P≤0.01). Interaction between the 

parental genotypes (GCA effects) and the environment at (P≤0.01) had no significant 

contribution to number of primary branches. In addition, there was no significant difference 

for interaction between specific combining ability and the environments at (P≤0.01). 

Roma VF (0.36) contributed positive GCA effects for primary branches signifying genotypes 

with highest number of primary branches while negative GCA effects for number of primary 

branches was exhibited by Rio Grande (-0.18), AVTO1424 (-0.15), Cal J (-0.10) and UC82 (-

0.10) (Table 6.16). Crosses between AVTO1424 x Danny select (0.74) and Eden select x 
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Valoria select (0.75) contributed positive SCA effects for primary branches while the negative 

SCA effects for number of primary branches was exhibited by Eden select x AVTO1424 (-

0.64), Eden select x AVTO1314 (-0.43), Eden select x Rio Grande (-0.57), Cal J x Valoria 

select (-0.60) and AVTO1424 x UC82 (-0.56) (Table 6.18).    

6.6.8 Stem girth  

There was no significance difference between the two-environment tested for combining ability 

to stem girth at P≤0.01 (Table 6.14). There was high significance contribution by the ten 

genotypes for GCA to stem girth at (P≤0.01) from the analysis of variance. From the analysis 

of variance, specific combing ability effects for stem girth had no significant difference at 

(P≤0.01). Interaction between the parental genotypes and the environment at (P≤0.01) had no 

significant contribution to GCA effects of the stem girth. However, there was high significant 

difference for interaction between SCA effects and the environments at (P≤0.01). 

Parental line AVTO1314 (0.11) contributed positive GCA effects for stem girth signifying 

genotypes with biggest stem girth while negative GCA effects for stem girth was exhibited by 

UC82 (-0.14), Rio Grande (-0.08), Cal J (-0.03) and Eden select (-0.03) (Table 6.16). Positive 

SCA effects was exhibited by crosses AVTO1314 x Rio Grande (0.17), AVTO1429 x Rio 

Grande (0.19), AVTO1429 x Valoria select (0.12), Roma VF x Danny select (0.12) and Roma 

VF x AVTO1314 (0.11). Negative SCA effects was shown by crosses UC82 x Rio Grande (-

0.18), UC82 x Valoria select (-0.11) and AVTO1429 x UC82 (-0.16) (Table 6.18). 

6.6.9 Trusses per plant 

There was no significance difference between the two-environment tested for combining ability 

to trusses per plant at P≤0.01 (Table 6.14). There was high significance contribution by the ten 

genotypes for GCA to trusses per plant at (P≤0.01) from the analysis of variance. From the 

analysis of variance, there was high significant difference for specific combing ability effects 

to trusses per plant at (P≤0.01). Interaction between the parental genotypes and the environment 

at (P≤0.01) had high significant contribution to GCA effects of the number of trusses per plant. 

In addition, there was high significant difference for interaction between SCA effects and the 

environments at (P≤0.01). 

Roma VF (1.96) contributed positive GCA effects for trusses per plant signifying genotypes 

with highest number of trusses per plant. In contrast, negative GCA effects for number of 

trusses per plant was exhibited by Rio Grande (-0.35), Cal J (-1.12), Eden select (-0.79) and 

Valoria select (-0.36) signifying genotypes with the lowest number of trusses per plant (Table 

5.16).  Crosses AVTO1429 x AVTO1424 (1.41), Eden select x Valoria select (0.32), 
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AVTO1429 x Valoria select (0.18) and UC82 x Valoria select (0.18) recorded positive SCA 

effects for number of trusses per plant. Negative SCA effects for number of trusses per plant 

was recorded on the cross AVTO1429 x Rio Grande (-4.24), Danny select x Rio Grande (-

4.06) Eden select x Roma VF (-4.05) and Cal J x Rio Grande (-4.00) (Table 6.18). 

6.6.10 Plant height 

There was no significance difference between the two-environment tested for combining ability 

to the plant height at P≤0.01 (Table 6.14). There was high significance contribution by the ten 

genotypes for GCA effects to plant height at (P≤0.01) from the analysis of variance. Analysis 

of variance showed there was high significant difference for specific combing ability effects 

for plant height at (P≤0.01). Interaction between the parental genotypes and the environment 

had no significant contribution to GCA effects for plant height at (P≤0.01). In addition, there 

was no significant difference for interaction between SCA effects and the environments at 

(P≤0.01). 

Positive GCA effects for plant height was contributed by parental line AVTO1429 (68.08) 

signifying genotypes with highest plant height while negative GCA effects for plant height was 

exhibited by UC82 (-23.33), Rio Grande (-16.12), Danny select (-14.61), Cal J (-10.62), Eden 

select (-4.48), Roma VF (--4.17) and Valoria select (-4.15) (Table 6.16). Crosses between Eden 

select x AVTO1429 (34.46), AVTO1429 x Cal J (33.19), Eden select x AVTO1314 (32.62), 

Eden select x Cal J (32.42) and Valoria select x Rio Grande (12.38) recorded positive SCA 

effects for plant height. Negative SCA effects for plant height was recorded on the cross Danny 

select x Rio Grande (-20.21), Eden select x UC82 (-14.59), Roma VF x Danny select (-14.17) 

and AVTO1424 x Danny select (-14.06) (Table 6.18). 

6.6.11 Locules per fruit 

There was no significance difference between the two-environment to number of locules per 

fruit at P≤0.01 (Table 6.14). There was high significance contribution by the ten genotypes for 

GCA effects to locules per fruit at (P≤0.01) from the analysis of variance. From the analysis of 

variance, there was high significant difference for specific combing ability effects for locules 

per fruit at (P≤0.01). Interaction between the parental genotypes and the environment had no 

significant contribution to GCA effects of the number of locules per fruit at (P≤0.01). In 

addition, there was no significant difference for interaction between SCA effects and the 

environments at (P≤0.01). 

Parental genotype AVTO1429 (1.83) contributed positive GCA effects for number of locules 

per fruit signifying genotypes with highest number of locules per fruit while negative GCA 



274 
 

effects for number of locules per fruit was exhibited by Roma VF (-0.77), Valoria select (-

0.76), Cal J (-0.63), UC82 (-0.52), Danny select (-0.38) and Eden select (-0.16) (Table 6.16). 

Crosses between Danny select x Rio Grande (9.30), AVTO1429 x Danny select (1.22), 

AVTO1429 x UC82 (0.94), Eden select x Rio Grande (0.59), Eden select x Roma VF (0.56) 

recorded positive SCA effects for number of locules per fruit. Negative SCA effects for number 

of locules per fruit were recorded on the cross Eden select x Cal J (-1.74), AVTO1429 x Rio 

Grande (-1.29), Eden select x AVTO1429 (-1.27) and AVTO1429 x Danny select (Table 6.18). 

6.6.12 Pericarp thickness (mm) 

There was no significance difference between the two-environment tested for combining ability 

to pericarp thickness at P≤0.01 (Table 6.15). There was no significant contribution by the ten 

genotypes for GCA effects to pericarp thickness at (P≤0.01) from the analysis of variance. 

There was no significant difference for specific combing ability effects for pericarp thickness 

at (P≤0.01). Interaction between the parental genotypes and the environment had no significant 

contribution to GCA effects of pericarp thickness at (P≤0.01). In addition, there was no 

significant difference for interaction between SCA effects and the environments at (P≤0.01). 

Rio Grande (0.39), UC82 (0.32) and Cal J (0.26) contributed positive GCA effects for pericarp 

thickness signifying genotypes with bigger pericarp thickness and negative GCA effects for 

pericarp thickness was exhibited by Roma VF (-0.45), Danny select (-0.28), AVTO1424 (-

0.25) and AVTO1429 (-0.19) (Table 6.17). Crosses that contributed to positive SCA effects 

were Eden select x AVTO1314 (1.49) and Cal J x UC82 (7.66) while negative SCA effects 

was exhibited by AVTO1429 x Cal J (-1.56), AVTO1429 x Danny select (-1.36) and UC82 x 

Rio Grande (-1.04) (Table 6.19). 

6.6.13 Number of seeds per gram 

There was no significance difference between the two-environment tested for combining ability 

to number of seeds per gram at P≤0.01 (Table 6.15). There was high significant contribution 

by the ten genotypes for GCA effects to the number of seeds per gram at (P≤0.01) from the 

analysis of variance. There was also high significant difference for specific combing ability 

effects for number of seeds per gram at (P≤0.01). Interaction between the parental genotypes 

and the environment had no significant contribution to GCA effects of seed number per gram 

at (P≤0.01). In addition, there was no significant difference for interaction between SCA effects 

and the environments at (P≤0.01). 

Eden select (53.46), Valoria select (27.16), Danny select (4.18) and Rio Grande (4.12) 

contributed positive GCA effects for number of seeds signifying genotypes with highest 
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number of seeds per gram and negative GCA effects for number of seeds per gram was 

exhibited by AVTO1429 (-24.76), AVTO1424 (-20.82), Cal J (-19.05), UC82 (-18.06) and 

Roma VF (-0.02) signifying genotypes with the lowest number seeds per gram (Table 6.17).  

For SCA effects, Valoria select x Rio Grande (90.07), Cal J x Valoria select (70.37), 

AVTO1429 x Danny select (60.64) and AVTO1424 x Valoria select (41.52) recorded positive 

SCA effects for number of seeds per gram. Negative SCA effects for number of seeds per gram 

was recorded on the cross AVTO1314 x Valoria select (-64.02), AVTO1424 x Rio Grande (-

53.45), Cal J x Rio Grande (-50.27) and AVTO1424 x Danny select (-45.74) (Table 6.19). 

6.6.14 100-Seed mass 

There was no significance difference between the two-environment tested for combining ability 

to the weight of 100 seeds at P≤0.01 (Table 6.15). There was high significant contribution by 

the ten genotypes for GCA effects to the weight of 100 seeds at (P≤0.01) from the analysis of 

variance. There was also high significant difference for specific combing ability effects for the 

weight of 100 seeds at (P≤0.01). Interaction between the parental genotypes and the 

environment had no significant contribution to GCA effects of the weight of 100 seeds at 

(P≤0.01). In addition, there was no significant difference for interaction between SCA effects 

and the environments at (P≤0.01). 

Parental line Cal J (0.02) contributed positive GCA effects for number of seeds signifying 

genotypes with more weight of 100 seeds while negative GCA effects for weight of 100 seeds 

was exhibited by Eden select (-0.03), Roma VF (-0.02) and AVTO1314 (-0.01) signifying 

genotypes with the least weight of 100 seeds (Table 6.17). Positive SCA effects were 

contributed by crosses Roma VF x AVTO1424 (0.07), Roma VF x ACTO1424 (0.07) and 

AVTO1429 x AVTO1424 (0.06) while negative SCA effects were recorded in Eden select x 

Danny select (-0.08), AVTO1429 x Danny select (-0.09), AVTO1429 x Valoria select (-0.06) 

and AVTO1429 x UC82 (-0.05) (Table 6.19).  

6.6.15 Fruit length 

There was no significance difference between the two-environment tested for combining ability 

to fruit length at P≤0.01 (Table 6.15). There was high significant contribution by the ten 

genotypes for GCA effects fruit length at (P≤0.01) from the analysis of variance. There was 

also high significant difference for specific combing ability effects for fruit length at (P≤0.01). 

Interaction between the parental genotypes and the environment had high significant 

contribution to GCA effects of the fruit length at (P≤0.01). In addition, there was high 

significant difference for interaction between SCA effects and the environments at (P≤0.01). 
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Parental genotype Eden select (2.86), Rio Grande (2.65) and Roma VF (0.99) contributed 

positive GCA effects to fruit length signifying genotypes with more elongated fruit shape while 

negative GCA effects for fruit length was exhibited by AVTO1314 (-3.88), UC82 (-1.38), 

AVTO1429 (-1.25), Danny select (-0.61) and Cal J (-0.25) signifying genotypes with more 

pronounced fruit shape (Table 6.17).  

6.6.16 Fruit diameter 

There was no significance difference between the two-environment tested for combining ability 

to fruit diameter at P≤0.01 (Table 6.15). There was high significant contribution by the ten 

genotypes for GCA effects fruit diameter at (P≤0.01) from the analysis of variance. There was 

no significant difference for specific combing ability effects for fruit diameter at (P≤0.01). 

Interaction between the parental genotypes and the environment had high significant 

contribution to GCA effects of the fruit diameter at (P≤0.01). However, there was no significant 

difference for interaction between SCA effects and the environments at (P≤0.01). 

Among parental lines, AVTO1429 (5.89) and AVTO1314 (4.51) contributed positive GCA 

effects to fruit diameter signifying genotypes with more round fruit shape while negative GCA 

effects for fruit diameter was exhibited by Roma VF (-3.99), UC82 (-2.69), Cal J (-2.09), 

Danny select (-0.93) and Rio Grande (-0.50) signified genotypes with more elongated fruit 

shape (Table 6.17). Crosses between Eden select x Cal J (-6.02), Valoria select x Rio Grande 

(-3.67), AVTO1429 x Cal J (-2.98), Eden select x AVTO1314 (-1.89) and Eden select x 

AVTO1424 (-1.89) contributed to negative SCA effects to fruit diameter (Table 6.19). 

6.6.17 Fruit shape index (FSI) 

There was no significance difference between the two-environment tested for combining ability 

to fruit shape index at P≤0.01 (Table 6.15). There was high significant contribution by the ten 

genotypes for GCA effects fruit shape index at (P≤0.01) from the analysis of variance. There 

was high significant difference for specific combing ability effects for fruit shape index at 

(P≤0.01). Interaction between the parental genotypes and the environment had high significant 

contribution to GCA effects of the fruit shape index at (P≤0.01). However, there was no 

significant difference for interaction between SCA effects and the environments at (P≤0.01). 

Parental lines AVTO1314 (0.17) and AVTO1429 (0.14) contributed positive GCA effects for 

fruit shape index signifying genotypes with more round fruit shape while negative GCA effects 

for fruit shape index was exhibited by Rio Grande (-0.06), Eden select (-0.04), Roma VF (-

0.09), Cal J (-0.04), UC82 (-0.03) and Valoria select (-0.03) signified genotypes with more 

elongated fruit shape (Table 6.17). Crosses between Roma VF x Danny select (0.08), 
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AVTO1429 x Danny select (0.08), Eden select x UC82 (0.07), Roma VF x Valoria select (0.05) 

and Cal J x Rio Grande (0.05) recorded positive SCA effects for fruit shape index. Negative 

SCA effects for fruit shape index was recorded on the cross Eden select x Cal J (-0.11), Eden 

select x AVTO1424 (-0.06), Eden select x UC82 (-0.05) and Valoria select x Rio Grande (-

0.05) (Table 6.19). 

6.6.18 Total soluble sugars (Brix %) 

There was no significance difference between the two-environment tested for combining ability 

to total soluble sugars at P≤0.01 (Table 6.15). There was high significant contribution by the 

ten genotypes for GCA effects to total soluble sugars at (P≤0.01) from the analysis of variance. 

There was high significant difference for specific combing ability effects for total soluble 

sugars at (P≤0.01). Interaction between the parental genotypes and the environment had no 

significant contribution to GCA effects of the total soluble sugars at (P≤0.01). In addition, there 

was no significant difference for interaction between SCA effects and the environments at 

(P≤0.01). Cal J (0.22), Rio Grande (0.11) and Danny select (0.10) parental lines contributed 

positive GCA effects for total soluble sugars signifying genotypes with higher % brix. In 

contrast, negative GCA effects for total soluble sugars was exhibited by Eden select (-0.20), 

UC82 (-0.15), AVTO1424 (-0.14) and Valoria select (-0.01) indicating genotypes with lower 

% brix (Table 6.17).  

Eden select x AVTO1429 (0.48), Roma VF x Valoria select (0.47), Eden select x Danny select 

(0.32), Eden select x Valoria select (0.30), AVTO1424 x AVTO1314 (0.28), AVTO1314 x 

UC82 (0.27) and UC82 x Valoria select (0.27) recorded positive SCA effects for total soluble 

sugars. Negative SCA effects for total soluble sugars was recorded on the cross Eden select x 

Cal J (-0.41), Danny select x Rio Grande (-0.41), Roma VF x UC82 (-0.39), Roma VF x 

AVTO1429 (-0.33) and Cal J x Danny select (-0.31) (Table 6.19). 

6.6.19 Fruit firmness 

There was no significance difference between the two-environment tested for combining ability 

to fruit firmness at P≤0.01 (Table 6.15). There was high significant contribution by the ten 

genotypes for GCA effects to fruit firmness at (P≤0.01) from the analysis of variance. There 

was high significant difference for specific combing ability effects for fruit firmness at 

(P≤0.01). Interaction between the parental genotypes and the environment had no significant 

contribution to GCA effects of the fruit firmness at (P≤0.01). In addition, there was no 

significant difference for interaction between SCA effects and the environments at (P≤0.01). 
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Parental genotype Cal J (44.72) contributed positive GCA effects for fruit firmness signifying 

genotype most firm fruits while negative GCA effects for fruit firmness was exhibited by Roma 

VF (-10.58), UC82 (-8.59), Danny select (-6.18), Eden select (-4.23), AVTO1314 (-4.21), Rio 

Grande (-3.91), AVTO1424 (-2.47), Valoria select (-2.37) and AVTO1429 (-2.18) indicating 

genotypes with least firm fruits (Table 6.17). Roma VF x Danny select (12.60), Cal J x Rio 

Grande (12.48), Cal J x UC82 (11.48) and AVTO1424 x Valoria (11.06) recorded positive 

SCA effects for fruit firmness. Negative SCA effects for fruit firmness was recorded on the 

cross AVTO1429 x AVTO1424 (-48.03), AVTO1424 x AVTO1314 (-46.91), Cal J x 

AVTO1424 (-46.99), Eden select x Danny select (-46.67) and AVTO1314 x UC82 (-44.21) 

(Table 6.19). 

6.6.20 Fruits per truss 

There was no significance difference between the two-environment tested for combining ability 

to number of fruits per truss at P≤0.01 (Table 6.15). There was high significant contribution by 

the ten genotypes for GCA effects to the number of fruits per truss at (P≤0.01) from the analysis 

of variance. There was high significant difference for specific combing ability effects for 

number of fruits per truss at (P≤0.01). Interaction between the parental genotypes and the 

environment had high significant contribution to GCA effects of the number of fruits per truss 

at (P≤0.01). However, there was no significant difference for interaction between SCA effects 

and the environments at (P≤0.01).  Danny select (0.42) and UC82 (0.24) contributed positive 

GCA effects for fruits per truss signifying genotypes with highest number of fruits per truss 

while negative GCA effects for fruits per truss was exhibited by AVTO1314 (-0.42), Eden 

select (-0.16) and Rio Grande (-0.11) indicating genotypes with the lowest number of fruits per 

truss (Table 6.17).  

Eden select x AVTO1314 (0.58), Roma VF x AVTO1429 (0.63) and AVTO1314 x Valoria 

select (0.49) contributed positive SCA effect for number of fruits per truss while AVTO1429 

x Cal J (-0.36), Cal J x AVTO1424 (-0.38), Cal J x Valoria select (-0.38) and UC82 x Rio 

Grande (-0.31) contributed negative SCA effects (Table 6.19). 

6.6.21 Average fruit weight (g)  

There was no significance difference between the two-environment tested for combining ability 

to average fruit weight at P≤0.01 (Table 6.15). There was high significant contribution by the 

ten genotypes for GCA effects to the average fruit weight at (P≤0.01) from the analysis of 

variance. There was high significant difference for specific combing ability effects for average 

fruit weight at (P≤0.01). Interaction between the parental genotypes and the environment had 
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high significant contribution to GCA effects of the average fruit weight at (P≤0.01). However, 

there was no significant difference for interaction between SCA effects and the environments 

at (P≤0.01). 

Parental genotype Valoria select (187.37) contributed positive GCA effects for fruit weight 

signifying genotypes with highest average fruit weight while negative GCA effects for fruit 

weight was exhibited by UC82 (-33.60), Roma VF (-32.33), Cal J (-28.31), Danny select (-

26.42), AVTO1424 (-20.39), Rio Grande (-19.74), Eden select (-13.62) and AVTO1314 (-

11.46) indicating genotypes with the lowest average fruit weight (Table 6.17). Eden select x 

Rio Grande (39.81), AVTO1429 x Valoria select (26.80), UC82 x Valoria select (26.25) and 

Roma VF x AVTO1424 (26.24) recorded positive SCA effects for average fruit weight. 

Negative SCA effects for average fruit weight was recorded on the cross Valoria select x Rio 

Grande (-196.15), Cal J x Valoria select (-190.77), AVTO1424 x Valoria select (-189.73) and 

Cal J x Rio Grande (-188.71) (Table 6.19). 

6.6.22 Yield per plant 

There was no significance difference between the two-environment tested for combining ability 

to yield per plant at P≤0.01 (Table 6.15). There was high significant contribution by the ten 

genotypes for GCA effects to the yield per plant at (P≤0.01). There was high significant 

difference for specific combing ability effects for yield per plant at (P≤0.01). Interaction 

between the parental genotypes and the environment had high significant contribution to GCA 

effects of the yield per plant at (P≤0.01). However, there was no significant difference for 

interaction between SCA effects and the environments at (P≤0.01). 

Among the parental genotypes, Valoria select (0.29), Danny select (0.19), Roma VF (0.16) and 

UC82 (0.12) contributed positive GCA effects for yield per plant signifying genotypes with 

highest yield per plant. In contrast, negative GCA effects for yield per plant was exhibited by 

AVTO1314 (-0.32), AVTO1429 (-0.20), AVTO1424 (-0.13) and Rio Grande (-0.11) indicating 

genotypes with the lowest yield per plant (Table 6.17). Crosses between Eden select x Roma 

VF (-0.30), Eden select x Rio Grande (-0.30), Roma VF x AVTO1424 (-0.34) and Cal J x 

AVTO1424 (-0.44) contributed negative SCA effects for yield per plant while Eden select x 

UC82 (0.78), Eden select x Cal J (0.75), Roma VF x AVTO1429 (0.74), AVTO1429 x Valoria 

select (0.65) and Cal J x Danny select (0.60) contributed positive SCA effects (Table 6.19).  
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Table 6. 14: Combing ability mean squares for agronomic traits for 45 F1 and their parents grown at Kabete and Mwea in 2018 

     Mean squares   

Source Df 

Days to 

50% 

flowering 

Days to 

maturity 

Chlorophyll 

concentration 

(SPAD units) 

Single 

leaf 

length 

(cm) 

Single 

leaf 

width 

(cm) 

Single 

leaf 

Area 

(cm²) 

Number 

of 

primary 

branches 

Stem 

girth 

(cm) 

Trusses 

per 

plant 

Locules 

per 

fruit 

Plant 

height 

(cm) 

Environmentsß 1 4856.84 67710.69 14.515 128.81 187.59 16.02 43.05 18.80 10758.02 1.35 205.83 
Replication 

4 3.92 41.43 61.810 118.67 166.88 160.45 4.41 0.33 156.16 7.08 810.44 
Crosses  

54 14.14** 321.93 27.859** 14.38** 12.67** 13.74** 1.15** 0.15 106.01** 21.83** 8896.67** 
GCA (parents) 

9 36.88** 292.56** 67.950** 42.28** 38.18** 41.38** 2.15** 0.40** 67.00** 56.77** 47135.72** 
SCA (M x F) 

45 9.59** 327.80** 19.841** 8.80** 7.57 8.21** 0.95** 0.10 113.82** 14.85** 1248.87** 
Environment x Cross 54 5.81** 326.12** 7.393** 6.47 6.14 5.95 0.65 0.22** 39.54** 0.24 1.23 

GCA x environments 9 5.76** 84.16 3.809 10.55 7.05 10.26 1.09 0.14 20.23** 0.31 5.93 

SCA x environments 45 5.82** 374.51 8.110** 5.65 5.96 5.08 0.56 0.23** 43.40** 0.22 0.30 

Residual 216 2.26 68.70 5.26 5.73 7.05 5.72 0.64 0.08 10.36 6.61 172.58 
ßEnvironments were Kabete and Mwea during 2018 long seasons. *, ** Significant at 5 and 1 percent probability levels, respectively. 
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Table 6. 15: Combining ability mean squares for pericarp thickness, number of seeds, weight of 100 seeds, fruit shape, fruit firmness, 

fruits per truss and fruit yield  

     Mean squares   

Source df 

Pericarp 

thickness 

(mm) 

Number of 

seeds (gm) 

Weight of 

100 seed 

(g)  

Fruit 

length 

(cm) 

Fruit 

diameter 

(cm) 

Fruit 

shape 

index 

(FSI) 

Total 

soluble 

sugar 

(Brix %) 

Fruit 

firmness 

(Ncmˉ²) 

Fruits 

per 

truss 

Average 

fruit weight 

(g) 

 

Yield per 

plant 

(kg) 

Environmentsß 1 0.01 204.80 8.6 x 10-5 793.81 1181.04 0.01 0.51 160.98 12.43 302211.62 9.02 

Replication 
4 8.15 5.49 2.8 x 10-1 28.71 7.17 0.01 0.14 4347.13 2.22 165492.23 7.15 

Cross  
54 9.62 13574.95** 1.2 x 10-2** 64.27** 127.98** 0.09** 0.50** 9482.19** 1.12** 170501.83** 1.31** 

GCA (parents) 
9 5.74 43232.71** 1.4 x 10-2** 287.30** 671.45** 0.50** 1.24** 18333.33** 3.76** 319235.83** 2.62** 

SCA (M x F) 
45 10.40 7643.40** 1.1 x 10-2** 19.66** 19.28 0.01** 0.35** 7711.96** 0.59** 140755.03** 1.05** 

Environment: Cross 54 10.16 0.93 3.5 x 10-8 15.62** 26.53** 0.01** 0.02 0.50 0.53 169643.72** 0.51** 

Environment: GCA 9 7.97 0.96 4.0 x 10-8 31.43** 44.16** 0.03** 0.02 0.76 1.59** 312960.69** 1.52** 

Environment: SCA 45 10.60 0.92 3.3 x 10-8 12.45** 23.00 0.01 0.02 0.44 0.32 140980.33 0.31 

Residual 216 9.49 115.26 2.0 x 10-3 8.41 17.48 0.01 0.20 4876.74 0.41 170460.64 0.34 
ßEnvironments were Kabete and Mwea during 2018 long seasons. *, ** Significant at 5 and 1 percent probability levels, respectively. 
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Table 6. 16: General combining ability effects of 10 tomato parental genotypes for the list traits 

   Mean squares   

Genotypes 

Days to 

50% 

flowering 

Days to 

maturity 

Chlorophyll 

concentration 

(SPAD units) 

Single 

leaf 

length 

(cm) 

Single 

leaf 

width 

(cm) 

Single 

leaf 

Area 

(cm²) 

Number 

of 

primary 

branches 

Stem 

girth 

(cm) 

Trusses 

per 

plant 

Locules 

per 

fruit 

Final 

plant 

height 

(cm) 

Eden select -0.10 -0.12 -1.04 -0.62 -0.59 -0.67 -0.08 -0.03 -0.79 -0.16 -4.48 

Roma VF 
0.50* 2.28* -1.25 -0.37 0.06 -0.26 0.36* 0.06 1.96* -0.77 -4.17 

AVTO1429 
0.23 1.50 0.33 0.73 -0.25 0.47 0.23 0.01 0.36 1.83* 68.08* 

Cal J 
0.83* -0.50 -0.74 -0.37 -0.33 -0.40 -0.10 -0.03 -1.12 -0.63 -10.62 

AVTO1424 
0.14 1.47* 0.41 1.18* 0.30 1.00* -0.15 0.01 0.23 -0.12 8.37 

Danny select -0.79 -0.90 0.48 1.00* 1.63* 1.32* -0.03 0.05 0.18 -0.38 -14.61 

AVTO1314 -0.18 -2.04 1.84* -0.61 -1.17 -0.87 0.04 0.11* 0.23 1.30 1.04 

UC82 -1.56 -4.28 0.88* -1.06 -0.06 -0.83 -0.10 -0.14 0.66 -0.52 -23.33 

Valoria select 0.30 1.15 -0.80 0.37 0.05 0.30 0.03 0.05 -0.36 -0.76 -4.15 

Rio Grande 0.64* 1.44* -0.12 -0.25 0.35 -0.07 -0.18 -0.08 -1.35 0.22 -16.12 
ßEnvironments were Kabete and Mwea during 2018 long seasons. *, ** Significant at 5 and 1 percent probability levels, respectively. 
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Table 6. 17: General combining ability effects of 10 tomato parental genotypes for the list traits. 

   Mean squares   

Genotypes 

Pericarp 

thickness 

(mm) 

Number 

of seeds 

(gm) 

Weight 

of 100 

seed (g) 

Fruit 

length 

(cm) 

Fruit 

diameter 

(cm) 

Fruit 

shape 

index 

(FSI) 

Total 

soluble 

sugar 

(Brix %) 

Fruit 

firmness 

(Ncmˉ²) 

Fruits 

per 

truss 

Average 

fruit 

weight 

(g) 

 

Yield per 

plant (kg) 

Eden select -0.01 53.46* -0.03 2.86* 0.34 -0.04 -0.20 -4.23 -0.16 -13.62 0.00 

Roma VF 
-0.45 -6.21 -0.02 0.99* -3.99 -0.09 0.01 -10.58 0.08 -32.33 0.16* 

AVTO1429 
-0.19 -24.76 0.01 -1.25 5.89* 0.14* 0.04 -2.18 -0.03 -1.50 -0.20 

Cal J 
0.26* -19.05 0.02* -0.25 -2.09 -0.04 0.22* 44.72* -0.10 -28.31 0.00 

AVTO1424 
-0.25 -20.82 0.01 -0.01 -0.17 -0.01 -0.14 -2.47 0.06 -20.39 -0.13 

Danny select -0.28 4.18* 0.00 -0.61 -0.93 -0.01 0.10* -6.18 0.42* -26.42 0.19* 

AVTO1314 0.16 -0.02 -0.01 -3.88 4.51* 0.17* 0.02 -4.21 -0.42 -11.46 -0.32 

UC82 0.32* -18.06 0.01 -1.38 -2.69 -0.03 -0.15 -8.59 0.24* -33.60 0.12* 

Valoria select 0.05 27.16* 0.00 0.88 -0.37 -0.03 -0.01 -2.37 0.03 187.37* 0.29* 

Rio Grande 0.39* 4.12* 0.01 2.65* -0.50 -0.06 0.11* -3.91 -0.11 -19.74 -0.11 
ßEnvironments were Kabete and Mwea during 2018 long seasons. *, ** Significant at 5 and 1 percent probability levels, respectively.
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Table 6. 18: Specific combining ability (SCA) effects of 45F1 tomato hybrids for agronomic and yield traits. 

  Mean squares   

Crosses 

Days to 

50% 

flowering 

Days to 

maturity 

Chlorophyll 

concentration 

(SPAD units) 

Single 

leaf 

length 

(cm) 

Single leaf 

width (cm) 

Single 

leaf 

Area 

(cm²) 

Number of 

primary 

branches 

Stem 

girth 

(cm) 

Trusses 

per plant 

Locules 

per fruit 

Final 

plant 

height 

(cm) 

Eden select x Roma VF 0.33 3.79 -0.26 -0.85 -0.43 -0.80 0.01 -0.04 -4.05** 0.56** -0.47 
Eden select x AVTO1429 -0.74 3.40 -0.01 -0.25 0.03 -0.18 0.49 -0.23 -0.32 -1.27** 34.46** 

Eden select x Cal JVF -1.34 0.83 0.05 0.90 1.86** 1.32** -0.01 -0.09 -2.90 -1.74** 32.42** 

Eden select x AVTO1424 -1.34 -0.44 1.43** -0.39 0.07 -0.28 -0.64** 0.09 -0.78 0.16 -11.22 

Eden select x Danny select  -0.27 5.49 -1.15 0.10 -1.17** -0.32 0.05 -0.07 -3.36 0.46 -5.18 
Eden select x AVTO1314 -1.51 4.11 -0.65 0.97 0.48 0.91 -0.43** 0.18 -0.87 -0.60 32.62** 

Eden select x UC82 0.35 3.43 0.62 -0.20 -1.62 -0.70 0.16 0.18 -1.47 -0.09 -14.59** 

Eden select x Valoria select -0.74 2.02 0.12 -2.11 -0.22 -1.68** 0.75** -0.09* 0.32** 0.30 -3.25 

Eden select x Rio Grande 0.35 2.63 -0.11 -1.48 -1.82 -1.74** -0.57** -0.04 -3.46 0.59** 15.44** 
Roma VF x AVTO1429 -0.24 3.47 -1.34 1.37 1.04 1.40** 0.22 -0.04 -1.21 0.09 1.48 

Roma VF x Cal JVF -1.38 -0.53 -2.03** -0.10 0.17 -0.02 0.22 -0.04 -1.16 0.00 -9.93 

Roma VF x AVTO1424 0.02 2.56 0.43 -0.17 0.33 -0.02 -0.29 -0.22 -3.36 0.33 -1.67 

Roma VF x Danny select 2.12** 7.18** -0.98 1.22 -0.32 0.83 0.54 0.12* -1.90 0.09 -14.17** 
Roma VF x AVTO1314 -0.31 7.68** -1.52 1.68 -0.01 1.28 0.19 0.11* -2.41 0.16 -2.61 

Roma VF x UC82 0.55 5.37 0.17 -0.40 0.92 0.01 0.15 -0.09* -0.90 -0.24 8.10 

Roma VF x Valoria select -0.83 -0.23 0.10 0.19 0.92 0.46 -0.14 0.00 -1.17 -0.43 -2.69 
Roma VF x Rio Grande -1.26 3.04 -1.69 -0.92 -1.57** -1.23 -0.21 -0.21* -2.14 -0.21 -11.23 

AVTO1429 x Cal JVF 1.51** 1.48 0.50 -0.23 0.30 -0.08 -0.22 0.09 -1.17 -0.26 33.19** 

AVTO1429 xAVTO1424 -0.92 -10.19** 0.92 -0.15 -0.97 -0.44 0.07 0.02 1.41** -0.19 -1.07 

AVTO1429 x Danny select -0.90 3.68 -1.20 -1.38 -0.77 -1.31 0.00 -0.15* -3.11 1.22** -1.49 

AVTO1429 x AVTO1314 -0.13 4.55 -0.89 0.03 -0.04 0.01 0.10 0.04 -1.41 0.48 -1.44 

AVTO1429 x UC82 -0.28 2.18 0.77 0.65 1.13** 0.88 -0.04 -0.16* -2.79 0.94** -2.17 

AVTO1429 x Valoria select -0.05 4.27 -1.36 1.39 0.73 1.31** 0.35 0.12* 0.72** 0.17 2.21 
AVTO1429 x Rio Grande 1.22 9.05** -0.82 -1.18 -1.21 -1.32 -0.27 0.19* -4.24** -1.29** -10.86 

Cal JVF x AVTO1424 1.12 4.72 -1.25 -1.42 -1.49 -1.59** -0.26 -0.04 -2.28 0.24 -3.97 
Cal JVF x Danny select -2.02 5.08 -2.11** -0.03 0.65 0.19 0.00 -0.01 -0.79 -0.04 8.61 

Cal JVF x AVTO1314 -0.76 6.29** -1.25 0.47 0.08 0.38 -0.30 0.03 -1.17 0.00 8.70 

Cal JVF x UC82 -1.20 3.93 -1.24 0.42 0.39 0.45 0.43 0.10 0.18** 0.23 2.69 

Cal JVF x Valoria select 0.85 6.24 -0.15 -0.15 0.51 0.06 -0.60** 0.10 -2.47 0.18 9.78 

Cal JVF x Rio Grande 0.42 4.51 -2.14** -0.14 -0.51 -0.28 0.56 -0.04 -4.00** 0.27 2.85 

AVTO1424 x Danny select -0.98 3.29 -2.73** -0.09 0.52 0.11 0.74** -0.10 -0.66 -0.36 -14.06** 

AVTO1424 x AVTO1314 -0.91 0.79 1.36** -0.35 0.53 -0.09 0.05 0.01 -2.69 0.18 -7.33 
AVTO1424 x UC82 0.45 3.15 -0.83 4.42 -0.17 3.32** -0.56** -0.09 -2.28 0.15 6.96 

AVTO1424 x Valoria select -1.78** -0.81 -0.19 -2.68 -2.13** -2.77** -0.10 0.08 -2.39 0.20 -6.48 
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AVTO1424 x Rio Grande -1.06 3.33 -0.57 1.25** 1.76** 1.55** 0.43 0.07 -1.06 -0.11 -1.30 

Danny select x AVTO1314 -0.19 -10.94** 0.21 0.08 0.46 0.22 0.45 -0.16 -1.24 0.13 1.40 

Danny select x UC82 1.52** 5.45 0.51 -1.02 -1.58 -1.32 0.01 -0.19 -1.65 -0.88 3.77 
Danny select x Valoria select 0.76 2.05 1.15** 0.33 0.19 0.32 0.01 0.20 -2.39 -0.63 4.35 

Danny select x Rio Grande -1.15 2.49 -1.36 -0.15 -1.13** -0.50 -0.04 0.08 -4.06** 9.30** -20.21** 
AVTO1314 x UC82 1.26 4.16 0.24 0.08 2.85** 1.03 0.32 -0.09 -3.02 -0.69 -0.17 

AVTO1314 x Valoria select -1.71** -0.14 -1.21 1.23** 2.29** 1.71** 0.29 -0.02 -0.88 -0.89 3.56 

AVTO1314 x Rio Grande -0.28 1.23 -2.17** -1.66 -0.60 -1.47** -0.02 0.17* -1.33 -0.88 -1.53 

UC82 x Valoria select 0.60 2.04 -2.79** 1.28** 0.98 1.31** -0.18 -0.11* 0.18** -0.06 1.40 
UC82 x Rio Grande -2.19** -0.23 0.84 -0.40 -1.48** -0.81 0.53 -0.18* -2.21 -0.66 -5.71 

Valoria select x Rio Grande 1.62** 3.84 -1.09 -0.91 -0.52 -0.88 0.33 0.00 -0.23 -0.87 12.38** 
ßEnvironments were Kabete and Mwea during 2018 long seasons. *, ** Significant at 5 and 1 percent probability levels, respectively. 

 

Table 6. 19: Specific combining ability (SCA) effects for 45 F1 hybrids for agronomic and yield traits. 

   Mean squares   

Crosses 

Pericarp 

thickness 

(mm) 

Number 

of seeds 

gˉᶦ 

Weight of 

100 seed 

(g) 

Fruit 

length 

(cm) 

Fruit 

diameter 

(cm) 

Fruit shape 

index (FSI) 

Total soluble 

sugar (Brix 

%) 

Fruit 

firmness 

(Ncmˉ²) 

Fruits 

per 

truss 

Average 

fruit 

weight (g) 

 

Yield per 

plant (kg) 

Eden select x Roma VF 0.00 36.99 -0.02 1.46 2.14 0.02 0.16 0.00 -0.46 25.66 -0.30** 

Eden select x AVTO1429 0.23 -32.93 0.04 0.88 0.01 -0.02 0.48** 9.51 0.31 18.19 0.11 
Eden select x Cal JVF 0.12 22.31 -0.03 -0.77 -6.02** -0.11** -0.41** 2.57 0.45 1.48 0.75** 

Eden select x AVTO1424 0.83 5.23 0.05 1.61 -1.89** -0.06** -0.05 -42.14 -0.14 21.85 -0.07 

Eden select x Danny select  0.78 34.33 -0.08* 0.39 1.51 0.02 0.32** -46.67** -0.12 25.81 -0.12 

Eden select x AVTO1314 1.49** -11.23 0.04 0.73 -1.89** -0.05 0.12 -41.72 0.58* 14.17 0.54 
Eden select x UC82 0.23 13.40 -0.01 -1.54 2.40 0.07** 0.11 7.93 0.05 20.92 0.78** 

Eden select x Valoria select 0.26 -18.07 0.04 -2.05 0.00 0.03 0.30** 9.77 0.05 20.79 0.15 

Eden select x Rio Grande -0.40 13.91 -0.03 1.05 -1.67 -0.05** 0.13 9.26 -0.30 39.81** -0.30** 

Roma VF x AVTO1429 0.21 -16.32 0.07* 0.32 0.66 0.01 -0.33** -35.70 0.63* 21.86 0.74** 
Roma VF x Cal JVF -0.07 -39.21 0.00 0.68 -0.29 -0.02 0.03 1.35 0.44 20.11 0.02 

Roma VF x AVTO1424 0.32 -24.60 0.07* 2.80 1.62 -0.02 -0.18 3.06 0.07 26.24** -0.34** 

Roma VF x Danny select 0.13 -8.60 0.00 -2.31 1.18 0.08** -0.07 12.60** 0.01 17.78 0.32 

Roma VF x AVTO1314 -0.39 -31.48 0.03 -0.58 0.01 0.01 -0.12 -40.82 -0.27 18.47 0.23 
Roma VF x UC82 0.35 3.37 -0.01 -1.75 -1.45 0.00 -0.39** 6.14 -0.11 14.32 -0.22 

Roma VF x Valoria select -0.60 -15.78 -0.02 -2.75 0.26 0.05** 0.47** 4.85 0.24 16.94 0.30 

Roma VF x Rio Grande -0.74 -27.10 0.02 -2.33 -0.77 0.02 -0.08 9.67 -0.09 15.99 0.20 
AVTO1429 x Cal JVF -1.56** 31.79 -0.05 0.08 -2.98** -0.04 -0.27 -8.38 -0.36* 15.78 0.33 

AVTO1429 xAVTO1424 -0.47 -25.83 0.06* -2.90 -1.09 0.04 -0.11 -48.03** 0.50 13.15 0.33 

AVTO1429 x Danny select -1.36** 60.64** -0.09* -1.55 1.85 0.08** 0.07 7.31 -0.01 25.67 -0.02 

AVTO1429 x AVTO1314 -0.41 14.31 0.04 -0.25 0.83 0.02 -0.13 5.64 -0.16 25.22 -0.04 
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AVTO1429 x UC82 -0.25 -35.31 -0.05* 1.12 0.32 -0.01 0.07 2.92 0.00 23.67 0.13 

AVTO1429 x Valoria select -0.61 14.22 -0.06* 1.06 1.78 0.01 -0.13 4.02 0.19 26.80** 0.65** 

AVTO1429 x Rio Grande -0.67 -6.87 0.05 -1.03 -0.95 0.00 0.24 0.70 -0.23 8.50 0.24 

Cal JVF x AVTO1424 -0.96 8.17 -0.03 1.48 1.22 0.00 0.11 -46.99** -0.38* 21.25 -0.44** 

Cal JVF x Danny select -0.12 -23.50 -0.03 0.12 -0.15 -0.01 -0.31** 1.74 0.28 18.11 0.60** 
Cal JVF x AVTO1314 -0.49 -0.30 0.01 0.63 -0.80 -0.03 0.20 1.31 0.02 20.73 -0.04 

Cal JVF x UC82 7.66** 18.15 0.00 -0.35 0.09 0.02 -0.25 11.48** 0.16 23.64 0.31 

Cal JVF x Valoria select -0.17 70.37** 0.02 -1.08 -0.72 0.01 -0.14 -0.12 -0.38* -190.77** 0.06 

Cal JVF x Rio Grande -0.21 -50.27** -0.01 -2.60 0.26 0.05** -0.04 12.48** -0.12 -188.71** -0.13 

AVTO1424 x Danny select 0.60 -45.74** 0.03 -1.44 0.43 0.04 -0.08 4.81 0.32 -184.81 0.00 

AVTO1424 x AVTO1314 -0.30 -22.09 0.01 1.60 1.56 0.00 0.28** -46.91** 0.15 -185.13 0.03 

AVTO1424 x UC82 0.19 -24.39 0.03 0.82 -0.46 -0.02 0.02 -5.33 0.18 -188.13 -0.13 

AVTO1424 x Valoria select -0.13 41.52** 0.00 0.44 -0.81 -0.03 0.19 11.06** 0.23 -189.73** 0.07 
AVTO1424 x Rio Grande -0.15 -53.45** -0.01 0.34 1.03 0.01 0.04 6.90 0.04 -185.04 0.17 

Danny select x AVTO1314 -0.69 -32.41 0.03 -0.21 0.04 0.00 0.01 5.93 0.13 -186.60 0.11 

Danny select x UC82 0.31 37.38 -0.02 2.78 0.64 -0.03 -0.16 2.55 0.23 24.04 -0.14 

Danny select x Valoria select 0.16 -38.14 0.05 -1.01 0.13 0.02 0.15 7.51 0.04 20.23 0.13 

Danny select x Rio Grande -0.07 -38.44 0.00 -1.69 0.76 0.04 -0.41** 5.98 0.18 23.59 -0.06 

AVTO1314 x UC82 -0.08 25.68 -0.03 -0.70 -0.71 0.00 0.27** -44.21** -0.25 17.23 -0.18 

AVTO1314 x Valoria select 0.82 -64.02** 0.09 -1.05 0.57 0.03 -0.15 5.70 0.49* 21.47 0.24 

AVTO1314 x Rio Grande 0.06 -19.88 -0.04 1.01 -0.03 -0.02 -0.03 5.20 -0.08 20.37 0.08 

UC82 x Valoria select -0.60 -18.39 0.00 -0.94 0.99 0.02 0.27** -4.34 0.26 26.25** -0.22 

UC82 x Rio Grande -1.04** 4.16 0.06 -0.70 0.27 0.01 0.10 2.29 -0.31* 18.13 -0.10 
Valoria select x Rio Grande -0.38 90.07** -0.05 -1.37 -3.67** -0.05** -0.22 0.71 -0.17 -196.15** -0.09 

ßEnvironments were Kabete and Mwea during 2018 long seasons.  *, ** Significant at 5 and 1 percent probability levels, respectively. 
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6.7 Discussion 

This study focused on determining heterosis and combining ability for fruit yields, yields 

components and identification of F1 hybrids with high fruit yields and other market demanded 

traits. The results indicated that there was significant difference among the genotypes for all 

the agronomic and yield traits evaluated for combining ability. Results further showed that 

there were two types of gene action which were additive and non-additive gene action. Additive 

gene action represents the proportion of genotypic value that is transmitted from parent to the 

progeny while non-additive gene action represents the different proportion of dominance that 

results from gene interaction (Mishra et al., 2017: Rakha and Sabry, 2019). Analysis of 

variance for GCA/SCA effects revealed additive gene action was more important for days to 

50% flowering, days to maturity, number of branches per plant, number of locules per fruit, 

number of trusses per plant, total soluble sugars, fruit firmness and tomato yield. Non-additive 

gene action was more important for plant height, leaf length, leaf width, leaf area, fruit length, 

fruit diameter, stem girth and 100 seed mass.  

These findings are comparable to those reported by Gul et al., (2011) and Amaefula et al., 

(2014) who reported predominant role of additive gene action in the control of yield traits. The 

analysis of combining ability showed significant differences GCA and SCA effects for most of 

agronomic traits evaluated indicating the importance of both additive and non-additive gene 

action in expressing the traits. Previous studies in India have reported the significance of 

additive and non-additive gene action in expressing yield and agronomic traits in tomatoes 

(Tamta et al., 2018; Brajendra et al., 2012: Rana et al., 2005). 

 

6.7.1 Heterosis for yield and yield attributes 

6.7.1.1 Days to flowering and fruit maturity  

Results revealed that 89% of F1 hybrids had reduced days to flowering and maturity compared 

to their parents. F1 hybrids AVTO1424 x AVTO1314, Eden select x AVTO1314, AVTO1429 

x AVTO1314, Cal J x AVTO1314 and UC82 x Valoria select were early maturing while Eden 

select x Valoria select, Roma VF x Danny select, Roma VF x UC82 and Danny select x UC82 

were late maturing compared to the better parents and this suggests the possibility of 

developing early maturing lines. A cross between early x early maturing parents led to 

generation of early maturing progeny as observed in AVTO1424 x AVTO1314. This was 

because additive gene action was dominant in the inheritance of this trait in the F1 progeny. In 

addition, a cross between late and early maturing parents led to generation of early maturing 
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F1 hybrids as observed in Cal J x AVTO1314.  This shows that the early maturing parent 

exhibited complete dominance over the late maturing parent. Early flowering and maturity in 

tomato are important traits desired for consideration in designing a tomato breeding program. 

Negative heterosis is desirable for days to 50% flowering and maturity because it implies 

earliness in the hybrid progeny.  

Similar findings were documented by Brajendra et al., (2012) in Manipur, India after crossing 

7 parental lines in a 7 x 7 half diallel. They reported negative heterosis of -5.65% for days to 

maturity in the progeny from a 7x 7 diallel. Similarly, a study Kumari and Sharma, (2011) 

revealed a maximum significant negative heterosis over the better parent for days to first 

flowering and maturity in tomato. Only two cross combinations, EC-521041 x Solan Vajr (-

6.56%) and EC-538146 x Solan Vajr (-8.41%) showed significant negative heterosis over 

better parent. 

6.7.1.2 Number of trusses per plant 

Results showed that all the F1 hybrids had significant increase in the number of trusses per 

plant as compared to their better parents. Eden select x AVTO1429, Eden select x AVTO1424, 

Roma VF x AVTO1424, Cal J x AVTO1314 and AVTO1429 x AVTO1314 had the highest 

number of trusses per plant (more than 280%) and in contrast Cal J x Danny select, AVTO1429 

x UC82, UC82 x Rio Grande and Danny select x Valoria select had fewer number of trusses 

per plant (less than 165%). A cross between parents with medium number of trusses per plant 

led to generation of F1 hybrid (Cal J x AVTO1424) with a higher number of trusses per plant. 

Additive gene action was dominant in the inheritance of this trait in the F1 progeny. Therefore, 

positive heterosis for higher number of trusses are desired because they associated with tomato 

yields and hence high crop productivity.  

These findings agree with Amaefula et al., (2014) who reported better parent heterosis for the 

number of trusses per plant. The study followed hybridization of three parental lines 

(Petomech, Grosso and Insulata) and wild parent (Lycopersicon pimpinellifolium) in Nigeria 

using 4 x 4 diallel. They reported better parent heterosis of 14.56% for number of trusses per 

plant. Similarly, Singh and Asati, (2011) reported highest heterotic effects over better parent 

exhibited by the crosses Type-1 x KT-15 (70.06%) and H-24 x KT-15 (43.84%) for number of 

trusses per plant. Similar results were also reported by Kumari and Sharma, (2011) 
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6.7.1.3 Fruit shape index (FSI) 

Better parent heterosis showed that 11% of F1 hybrids had negative percentage which indicated 

elongated fruit shape while 89% of F1 hybrids had positive heterosis percentage that indicated 

pronounced fruit shape. Valoria select x Rio Grande, Eden select x Rio Grande, Cal J x Rio 

Grande and Eden select x Cal J had elongated fruits while Eden select x AVTO1314, Roma 

VF x AVTO1314, AVTO1429 x Valoria select, AVTO1424 x AVTO1314 and AVTO1314 x 

Valoria select had round fruits. Fruit shape index is an important trait in the selection of tomato 

fruits for market. Kenyan consumers prefer elongated fruits because round fruit are perceived 

to have shorter shelf life. 

A study conducted by Gul et al., (2011) recorded significant better parent heterosis for the fruit 

length and fruit diameter of 32.7% and 15.5% respectively. This was after conducting a study 

using an 8 x 8 diallel excluding reciprocals in Islamabad, Pakistan. Ahmad et al., (2011) also 

reported about 50% combinations from 10 crosses exhibited significant positive heterosis for 

fruit length and diameter which determines the fruit shape index over the better parent which 

supports the findings of the current study. Comparable findings to those observed in the current 

study were reported by Rakha and Sabry, (2019) on a study to classify best combiner parents 

and cross combinations for developing accomplished hybrids for yield and quality components 

in tomato using half diallel test in Egypt. They reported fruit shape index increase compared to 

the better parent indicated by 14.29% heterosis. 

6.7.1.4 Total soluble sugar (Brix) 

Heterosis for total soluble sugars ranged from –16.92% to 8.03% and 24% of the F1 hybrids 

had increased soluble sugar compared to better parents. Roma VF x Cal J, Roma VF x 

AVTO1424, AVTO1429 x Cal J and Cal J x Rio Grande had highest total soluble sugars while 

AVTO1424 x Danny select, AVTO1424 x UC82, Roma VF x AVTO1429 and Eden select x 

Rio Grande had lowest total soluble solutes. The total soluble sugars measure the % brix of 

soluble solutes in a tomato fruit. Higher soluble sugars are desirable in processing tomatoes 

and lower solutes are desired in freshly consumed or table tomatoes. A cross between parents 

with higher total soluble sugars led to generation of F1 hybrid (Cal J x Rio Grande) with a 

higher soluble sugar (5.45 %Brix). This indicated that the additive gene action was dominant 

in the inheritance of this trait in the F1 progeny.  

Significant positive heterosis of 33.33 % to total soluble solids was reported by Kumar et al., 

(2006) in three crosses, ArkaMeghali x Punjab Chhuhara, Arka Saurabh x ArkaAbha and Arka 
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Saurabh x Punjab Chhuhara in India. Similarly, Ahmad et al., (2011) also reported that 15 F1s 

out 21 crosses showed significant positive heterosis ranging 3.93% to 31. 89%. Higher brix 

percent is responsible for sweetness of tomato. Rakha and Sabry, (2019) also reported highly 

significant negative heterosis in most crosses between both mid and high parent. Kumar et al., 

(2017) also reported findings that support this study that the range of heterosis per cent for total 

soluble solids varied from -15.44 (P4 x P6) to 7.45% (P5 x P7) similar to findings herein. 

6.7.1.5 Number of seeds gˉᶦ  

Better parent heterosis for number of seeds per gram showed that 11% of F1 hybrids had 

increased (positive heterosis) number of seeds per gram compared to the better parents while 

89% had reduced (negative heterosis) seeds. Number of seeds per gram ranged from 15.11% 

(Eden select x Valoria select) to -27.72% (AVTO1424 x Rio Grande). Eden select x Valoria 

select, Eden select x Rio Grande, Valoria select x Rio Grande and AVTO1424 x AVTO1314 

had highest number of seeds per gram. Roma VF x Valoria select, AVTO1429 x Valoria select, 

Cal J x Danny select, AVTO1424 x Rio Grande and UC82 x Valoria select had the lowest 

number of seeds per gram. Positive heterosis for seed yield is desirable attribute in seed 

production. Higher positive heterosis is directly associated high seed yield. A cross between 

parents with high number of seeds per gram led to generation of F1 hybrid with a higher number 

of seeds per gram as shown by Eden select x Valoria select (491 seeds). Additive gene action 

was dominant in the inheritance of this trait in the F1 progeny. 

Negative heterosis was reported for the number of seeds per gram by Tamta et al., (2018). An 

experiment with ten parents with three testers and 30 hybrids was evaluated in Pantnagar, India 

from 2012 to 2014. Similar findings have been reported by Salim et al., (2019) that highly 

significant different positive heterosis was observed by 48% of the hybrids over the better 

parent for seed weight. This indicated that seed quality can be improved through hybridization.  

6.7.1.6 Yield per plant (kg)  

Better parent heterosis for yield showed that 69% of F1 hybrids had increased yield per plant 

compared to the better parents while 31% had reduced yields. Heterosis for yield per plant 

ranged from 114.39% (AVTO1429 x AVTO1314) to -21.83% (AVTO1314 x Rio Grande). A 

cross between parents with higher yield per plant led to generation of F1 hybrid with a higher 

yield per plant as shown by Roma VF x UC82 (3.36kg). Additive gene action was dominant in 

the inheritance of this trait in the F1 progeny. Higher positive heterosis is desired because it 

signifies higher productivity per unit area. Negative heterosis on the other hand symbolized 
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lower yields and not desirable by many growers because higher yield is a major factor in a 

breeding program. 

Similar findings were documented by Rana et al., (2005) after the experiment on the yield and 

quality traits heterosis on tomatoes on 30 F1 tomato hybrids after crossing six parents (LE 79-

5, EC 191538, BWR 5, EC 191536, Hawaii 7998 and BT-18). Results showed better parent 

heterosis of 264.91 % for marketable yields by the F1 hybrid cross EC 191538 × LE 79-5 and 

117.46% for BWR 5 × Hawaii 7998. Positive heterosis to fruit yield was also reported Singh 

et al., (2011) after they crossed 10 genetically diverse tomato varieties in New Delhi in all 

possible combinations excluding reciprocals. The cross Sel 7 x BSS 368 exhibited better parent 

heterosis for fruit yield per plant (45.89%), plant height (-38%) and average fruit weight 

(62.70%). Kumur et al., (2017) reported that crosses P4 x P7, P5 x P7 and P1 x P7 were found to 

be the best heterotic combiners as they exhibited significant heterosis percentage for yield per 

plant over the standard parent. These high yielding F1 hybrids expressed heterosis of 60.80%, 

25.80% and 23.13% respectively.  

6.7.2 GCA Effects for growth and yield traits 

General combining ability studies is a key step for making decisions of suitable parents in a 

tomato breeding program. Tomato genotypes UC82, AVTO1314, Danny select, Cal J and Eden 

select had negative GCA effects ranging from -4.28 to -0.12. This suggested that these 

genotypes were early maturing and good combiners for earliness.  Therefore, these genotypes 

may be used as valuable donors in hybridization program for generating promising 

combination in early flowering and maturing tomato. Similar findings have been reported by 

Saleem et al., (2013) that parent line B23 and B24 showed desirable GCA effects for days to 

maturity as it had GCA value of -0.93 and -1.23 respectively. Previous studies in India reported 

good combiners for yield, early flowering, and maturity traits in tomatoes (Rana et al., 2005; 

Tamta et al., 2018; Brajendra et al., 2012).  

The parental genotype AVTO1429 (68.08) exhibited positive GCA effects for plant height 

suggesting possibility of using it in breeding for indeterminate growing habit. Positive GCA 

effects of 37.28 for plant height was reported by Kumar and Sharma (2011) after crossing Sel-

7 × BSS-368. Similarly, Saleem et al., (2013) reported positive GCA effects for plant height 

in parental genotype B24, B26 and B27 that had a GCA value of 11.07, 11.00 and 24.73, 

respectively. Three parental genotypes Rio Grande (0.39), UC82 (0.32) and Cal J (0.26) 

showed significant, positive GCA effects for pericarp thickness indicating possibility of 
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breeding for improved firmness against physical abrasion. Similar findings have been reported 

by Guatam et al., (2018) that parental line UHFT-9 showed desirable GCA effects for pericarp 

thickness of 0.66. Fruit firmness is also strongly associated with pericarp thickness (Kumari 

and Sharma, 2011). Parental genotype Cal J (44.72) contributed positive GCA effects for fruit 

firmness signifying genotype most firm fruits. This indicated that the genotype was a good 

combiner for fruit firmness. Similar findings were reported by El-Gabry et al., (2014) that the 

best combiner, which showed the highest positive values of GCA effects (desirable form), were 

Super strain-B (P1) for fruit firmness (92.89) and Peto-88(P4) for pericarp thickness (0.54). 

Similarly, Guatam et al., (2018) also reported that parent lines UHFT-9, UHFT-55 and Solan 

Lalina where the best combiner for fruit firmness with the highest positive values for GCA 

effects of 137.24, 89.64 and 50.95, respectively. 

Parental genotypes Roma VF (-0.77), Valoria select (-0.76), Cal J (-0.63), UC82 (-0.52), Danny 

select (-0.38) and Eden select (-0.16) contributed negative GCA effects for number of locules 

per fruit signifying genotypes with lowest number of locules per fruit. Smaller number of 

locules are desired for tomato used in fresh and processing purposes. Comparable findings by 

Guatam et al., (2018) have reported that parental line UHFT-9 showed desirable negative (-

0.18) GCA effects for number of locules per fruit. Similarly, El-Gabry et al., (2014) reported 

that parental cultivar Edkawy (P5) was the best combiner which showed the highest negative 

value (-1.35) of GCA effects for number of locules per fruit.  

Parental genotypes Eden select (2.86), Rio Grande (2.65) and Roma VF (0.99) recorded 

positive GCA for the polar diameter (fruit length) suggesting that they can be used for breeding 

varieties with elongated or saladette.  Parental line AVTO1429 (-1.25) and AVTO1314 (-3.88) 

showed negative GCA effects signifying round shaped fruits. Comparable findings have 

reported that a parental line B25 that had higher GCA effects fruit length was indicated by 

positive GCA value of 0.42 (Saleem et al., 2013). 

Cal J (0.22), Rio Grande (0.11) and Danny select (0.10) parental lines had positive GCA effects 

for total soluble sugars. Total soluble sugars are an important quality parameter for fresh 

consumption and processing tomatoes because it directly influences tomato flavour. Similar 

findings of the highest positive value (6.33) for total soluble sugars were recorded in parental 

line Super Marmand (P2) was reported by El-Gabry et al., (2014). Tomatoes for processing 

require a minimum Brix of 4.5 which is compares with an acceptable range of 3.5 to 5.5 in 

fresh tomatoes (Kumar et al., 2017). All the parents met minimum Brix criteria (more than 



293 
 

4.5%Brix) except for Eden select that had 4.0%Brix. In addition, all the F1 hybrids except 

AVTO1424 x UC82 and AVTO1424 x Danny select had soluble sugar content of more than 

4.5%Brix.  

Parental genotype Valoria select (187.37) contributed positive GCA effects for fruit weight 

signifying genotypes with highest average fruit weight. This shows that the genotype can be 

used in cross combination for developing tomato lines with bigger fruit size. Among the 

parental genotypes, Valoria select (0.29), Danny select (0.19), Roma VF (0.16) and UC82 

(0.12) contributed positive GCA effects for yield per plant signifying genotypes with highest 

yield per plant. Similar results were observed for fruit per hectare. Therefore, these parents 

have potential to be incorporate an improvement program for yield increase. El-Gabry et al., 

(2014) reported comparable finding that the best combiner which showed the highest positive 

value of GCA effects were the parental cultivars Super Strain-B for total yield per plant (0.10) 

and Edkawy for fruit weight (11.32). Similar findings have been reported by Saleem et al. 

(2013) that the parent B24 was attractive for fruit weight and fruit length with positive GCA 

values of 2.07 and 0.17, respectively. 

6.7.3 SCA effects for growth and yield traits 

The hybrids AVTO1429 x Rio Grande, Roma VF x AVTO1314, Roma VF x Danny select and 

Cal J x AVTO1314 were specific combiners for days to maturity. Most F1 hybrids 89% 

originated from parents with high positive GCA effects for days to maturity. Some of the 

hybrids (11%) originated from the crosses between high GCA x low GCA while others 

originated from high GCA x high GCA. Negative SCA effects for days to maturity was 

recorded on the hybrids from cross-combination Danny select x AVTO1314 and AVTO1429 

x AVTO1424 suggesting late maturing hybrids. Early maturity observed in the hybrids with 

high x low GCA combination could be attributed to interaction between positive allele from 

good combiner and negative allele in poor combiner. The hybrids from crosses with high x 

high GCA combination that were also early maturing could be attributed to interaction between 

positive allele from both parents with positive GCA associated with additive x additive allele 

interaction.  

Hybrids of Eden select x AVTO1429, Roma VF x Valoria select, Eden select x Danny select, 

Eden select x Valoria select, AVTO1424 x AVTO1314, AVTO1314 x UC82, and UC82 x 

Valoria select were specific combiners for total soluble sugars. Some of the hybrids originated 

from the crosses with low GCA x low GCA and others low GCA x high GCA. The results are 



294 
 

comparable to findings reported by Pandey et al., 2006. Variations of SCA and GCA effects 

indicating the former variance being higher than GCA variance implying dominance of non-

additive gene action for total soluble solids were reported by Mondal et al., (2009). Low SCA 

effects were recorded on the cross-combination Eden select x Cal J, Danny select x Rio Grande, 

Roma VF x UC82, Roma VF x AVTO1429 and Cal J x Danny select. 

Hybrids of Eden select x Cal J, Roma x AVTO1429, AVTO1429 x Valoria select and Cal J x 

Danny select were more specific combiners for yield per plant. Some of the hybrids originated 

from parental genotypes with low GCA effect x low GCA effects while others from high GCA 

effects x low GCA effects. This is attributed to allelic interactions between low combiners x 

good combiners for the yield per plant. Similar finding on interactions of positive SCA effects 

were reported by Dhaliwal et al., (2004). Negative SCA effects for yield per plant were 

recorded on the crosses Cal J x AVTO1424, Roma VF x AVTO1424, Eden select x Rio Grande 

and Eden select x Roma VF. 

6.8 Correlation analysis 

The results showed that the correlation of days to flowering and days to maturity (r = 0.801**) 

for the 45 F1 hybrids was significantly correlated at (P≤0.01) as shown in Appendix 2. Stem 

girth was negatively and significantly at (P≤0.01) correlated to days to flowering (r =-0.620**). 

Days to maturity had a weak positive correlation (r =0.327**) to the number of primary 

branches. Days to flowering and maturity had negatively strong significant correlation to 

number of trusses per plant with r value of -0.79** and -0.759**, respectively.  Results showed 

a weak significant correlation between single leaf length and single leaf width (r =0.491**). 

There was a strong correlation of single leaf length (r =0.948**), single leaf width (r =0.743**) 

and single leaf area. Single leaf width (r =0.477) and single leaf area (r =0.403) had weak 

positive correlation to fruit yield. Stem girth was significantly correlated to number of trusses 

per plant (r =0.630**) 

Results showed significant correlation of fruit diameter to fruit shape index (r =0.778**), 

pericarp thickness (r =0.71**), fruit weight (r =0.845**) and number of locules per fruit (r 

=0.493**) (Appendix 2). Fruit length had a significant correlation to fruit shape index (r 

=0.548**) and fruit weight (r =0.307). Similarly, fruit shape index was significantly correlated 

to fruit weight (r =0.513**) and number of locules per plant (r =0.47). Number of locules per 

fruit was significantly correlated to fruit weight (r =0.513**). 
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6.9 Conclusion 

From this experiment, Eden select x Cal J, Roma VF x AVTO1429, AVTO1429 x Valoria 

select and Cal J x Danny select have potential that could be used in developing varieties with 

high yield potential. The F1 progenies from these crosses had significantly higher yields 

compared to their better parents which are the available commercial varieties. The results 

further showed that parental genotype with good general combining ability for fruit yields 

(positive GCA effects) turned out to be poor specific combiner as shown in cross Roma VF x 

Eden select that had negative SCA effects. However, parental genotypes with high or high x 

low GCA effects showed positive SCA effects for fruit yield and were found to be the best 

genotypes for develop segregating F2 populations for further breeding. F1s’ were advanced to 

F2 and F1s’ showed prospect for further breeding. In addition, the results showed that cross-

combinations of Eden select x AVTO1429, Roma VF x Valoria select, Eden select x Danny 

select, Eden select x Valoria select, AVTO1424 x AVTO1314, AVTO1314 x UC82 and UC82 

x Valoria select that had high total soluble content could be used in developing varieties with 

high total soluble content (%Brix) which is demanded by processing industries. Lack of 

significant SCA effects shown by some crosses for various traits could be because of 

unfavourable genetic combinations of the parents and agronomic characters. 

 

 

 

 

 

 



296 
 

CHAPTER 7 

 Processing Quality and Shelf-Life of New Tomato Lines Developed in Kenya 

7.0 Abstract 

Developing tomato varieties with longer shelf-life for the fresh produce markets, and with 

characteristics required by the processing industry are major objectives for modern demand-

led breeding programs world-wide. However, development of improved tomato varieties 

combining resistance to biotic stresses, fresh market consumer preferences and processing 

quality has received limited attention in Kenya. The objective of this study was to determine 

the shelf-life and processing quality of five parental lines namely: Roma VF, AVTO1314, 

AVTO1424, AVTO1429 and Valoria select and four F1 hybrids namely: Roma VF x 

AVTO1314, Roma VF x AVTO1424, Roma VF x AVTO1429 and Roma VF x Valoria select 

grown at Kabete Field Station in April and August, 2019. The trials were laid out in a split plot 

design with three replicates. Fruits were harvested at breaker stage, washed with chlorinated 

water for surface sterilization and were then stored for five weeks at 4, 16 and 25oC. 

Quantitative trait data for fruit firmness and weight loss were collected and subjected to 

analysis of variance (ANOVA) at 5% significance P-value thresholds using GenStat software 

(15th edition). The different temperature levels were the main plots and the nine tomato 

genotypes were sub-plots.  

Results showed high significant differences among the three storage temperature levels, five 

weeks storage durations and among the nine tomato genotypes for fruit firmness and fruit 

weight traits at (P<0.01). There were also high significant differences for the interaction 

between the storage temperature and storage duration, and the interaction between the storage 

temperature and the genotypes evaluated for fruit firmness and fruit weight at (P≤0.01). Means 

for the three storage temperature levels showed that ambient temperature of 4°C had the highest 

fruit firmness (50.39 Ncm2), followed by 16°C (49.67 Ncm2) and 25°C (35.57 Ncm2). Ambient 

temperature of 4°C recorded the lowest cumulative mean loss of 35.37 Ncm2 in fruit firmness 

and the highest mean loss of 50.39 Ncm2 was recorded at 16°C, over the storage duration. Fruit 

firmness mean reduced significantly from 66.02 Ncm2 recorded in one-week storage duration 

to 30.65 Ncm2 recorded in five weeks. Genotype AVTO1424 recorded the highest fruit 

firmness mean of 50.18 Ncm2 followed by genotype AVTO1429 with a mean of 49.48 Ncm2. 

These genotypes had the longest shelf life. F1 hybrid from cross of Roma VF x AVTO1314 

recorded higher fruit firmness mean of 48.59 Ncm2 compared to both parents. Genotype 
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Valoria select and F1 hybrid from cross of Roma VF x Valoria select had the lowest fruit 

firmness mean of 41.63 and 41.02 Ncm2, respectively. 

Storage temperatures of 4°C had the highest fruit weight of 212.61g, followed by 16°C at 

118.53g and 25°C recorded the lowest fruit weight of 98.95g over time. Week one storage 

duration had the highest fruit weight mean of 171.69g, followed by week two with a mean of 

157.99g and week five storage duration had the lowest fruit weight mean of 114.42g. Genotype 

AVTO1424 recorded the highest fruit weight mean of 168.01g, followed by genotype 

AVTO1429 with a mean of 148.49g. F1 hybrids from the cross of Roma VF x AVTO1429 and 

Roma VF x AVTO1424 recorded a higher mean of 146.16 and 146.31g, respectively compared 

to the other 2F1 hybrids and parental genotype Roma VF. Genotype AVTO1314 recorded the 

lowest fruit weight mean of 133.36g, followed by Roma VF at 134.7g and F1 hybrid from cross 

of Roma VF x AVTO1314 recorded a mean of 137.11g. All the nine genotypes recorded 

significantly higher means in fruit weight at 4°C storage temperature than the means recorded 

at 25 and 16°C. The results revealed that as the storage duration of tomato fruits increased from 

one to five weeks, fruit weight means reduced significantly in the nine tomato genotypes 

evaluated. Genotypes AVTO1424, AVTO1429 and AVTO1314 and F1 hybrids Roma VF x 

AVTO1429 and Roma VF x AVTO1424 had the longest shelf life of five weeks and the best 

processing qualities. 

Key words: Shelf-life, fruit firmness, fruit weight, breaker stage, genotypes 

7.1 Introduction 

Quality attributes in tomatoes used for fresh market and processing are vital to growers because 

they influence tomato purchase price (Humphrey, 2007). The quality attributes used to grade 

tomatoes include firmness, shape, uniformity in ripening, skin defects and internal traits such 

as taste and texture (Humphrey, 2007). The desirable qualities for processing include high total 

soluble solids (4-8o Brix), acidity not less than 0.4%, pH less than 4.5 and uniform red colour 

(Mesquita et al., 2019). The desirable attributes for fresh market tomato include a minimum 

oBrix of 3.5 to 5.5, elongated oval (Saladette) fruit Shape, hard firmness, shelf life of over 21 

days and fruit size 100-130grams (Chattopadhyay et al., 2013). Tomato (Solanum 

lycopersicum Mill) is extensively cultivated by small and medium-scale growers in Kenya for 

fresh market and processing (Ochilo et al., 2019). Tomato production has contributed 

immensely to horticultural development and expansion. It accounts for 14% of the total amount 

of vegetables grown, and 6.72% of the horticultural crops by weight (GOK, 2012). Available 
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information on nutritional and postharvest qualities for tomato varieties grown in Kenya and 

their suitability for fresh market and processing is limited (Mwendwa et al., 2016). Tomato 

varieties such as Anna F1, Bravo F1, Chonto F1, Eden F1, Nuru F1, Cal J and Rambo F1 among 

others are widely cultivated in Kenya under both greenhouse and open field for both processing 

and fresh market (Ochilo et al., 2019). According to Mwendwa et al. (2016), these varieties 

have lower rates of respiration and ethylene production which increases their shelf life and 

therefore, suitable for use in fresh market where delayed or slowed ripening is desired.  

Tomato shelf life is the period of up to 4 weeks during which stored tomato fruits remain 

suitable for consumption and is normally determined by the degree of softening, shrivelling, 

and rotting of fruit (Thole et al., 2020). Post-harvest shelf life is one of the most important traits 

for commercially grown tomatoes and can be shortened by hastened ripening induced by 

various factors such as exposure to unsuitable temperature and humidity as well as pathogens 

after harvesting (Dean et al., 2012: Petric et al., 2018).  Fresh market appreciates tomatoes with 

good flavour (high acids and high sugars) and shelf life (Turhan et al., 2009). For the processing 

tomatoes, most demanded attributes include high dry matter, firmness, and high soluble solids 

especially for the canned tomatoes (De Pascale et al., 2001). 

Among the important quality attributes of harvested tomatoes, shelf life has been found to be 

particularly important in cultivated tomatoes intended for use in the fresh market (Rodriquez 

et al., 2010). Conventional breeding has been the most preferred approach in improving shelf 

life of tomatoes as compared to genetic engineering using ripening mutants (Petric et al., 2018). 

Many consumers are still sceptical about transgenic tomatoes for shelf life due to the 

unanswered concerns raised on safety (Boyazoglu, 2002). Recombinant inbred tomato lines 

such as LA722, developed from hybridization of Solanum lycopersicum and S. 

pimpinellifolium by World Vegetable Centre has been found to have longer shelf life than the 

wild parents (Rodriguez et al., 2006).  

A collaborative tomato breeding program between University of Nairobi and Continental Seed 

Company was initiated in 2017. The aim of this program is to develop tomato varieties by 

combining traits for resistance to bacterial wilt, better fruit yield and quality, long shelf-life, 

processing characteristics and other consumer and market demanded traits (Kathimba et al., 

2017). The objective of this study was to determine the shelf-life and processing quality of new 

tomato lines and hybrids developed in this program. 
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7.2 Material and Methods 

7.2.1 Experimental site 

The field experiments were conducted at Kabete Field Station, University of Nairobi. The 

storage trials were conducted at the Pilot Seed Processing Plant, Department of Plant Science 

and Crop Protection, at Kabete Field Station. Kabete Field Station is located at 01°15’S; 

036°44’E with an elevation of 1820m above sea level (ASL) which is in agro- ecological zone 

(AEZ) III. It has a bimodal rainfall of 1059 mm per year and temperature range of 12.3 to 

22.5°C. The soils at Kabete site are humic nitisols, deep and well-drained with a pH of about 

5.0 to 5.4 (Lengai, 2016).  

7.2.2 Plant Materials  

Nine tomato genotypes were used in this study. They included: three breeding genotypes from 

the World Vegetable Centre (AVRDC) in Taiwan namely: AVT01424, AVT01429 and 

AVT01314, one commercial cultivar sourced from Continental Seed Company Limited namely 

Roma VF, one farmer selection namely Valoria select from Kirinyaga County and four F₁ 

hybrids from cross-combination of Roma VF x AVTO1429, Roma VF x AVTO1424, Roma 

VF x AVTO1314 and Roma VF x Valoria select. 

AVTO1424, AVTO1429 are semi-determinate genotypes and AVTO1314 is an indeterminate 

genotype that matures early, suitable for open field cultivation in cool and dry environment 

(Table 7.1). These genotypes have traits for resistance to bacterial wilt and tomato yellow leaf 

curl disease and have good tolerance to heat stress (AVRDC, 2009). Genotype AVTO1424 is 

both processing and fresh market tomato with oblong shaped medium to large fruits while 

AVTO1429 and AVTO1314 are only fresh market tomato with round shaped fruits (Fufa et 

al., 2009). AVTO1429 has genes for resistance to fusarium wilt and AVTO1424 resistance to 

root-knot nematodes. However, these three genotypes lack good agronomic traits like closed 

canopy to avoid fruit scotch by sun, low yield, poor shelf-life to allow direct commercialization 

without further improvements (Fufa et al., 2009). 

Roma VF is a pure-line and commercial variety with market demanded traits such as oval shape 

and marketable firm fruits but lacking good processing attributes and longer shelf life. Valoria 

FS is a farmer ‘s selection with consumer and grower preferred attributes. It was selected by 

several farmers in Kirinyaga County in the Central Highlands of Kenya who claim the line is 

resistant to bacterial wilt. This selection is high yielding, has a determinate growth habit and 

produces oblong firm fruits.  
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Table 7. 1: Origin, growth habit, fruit shape, bacterial wilt resistance and yield of 

genotypes used this study 

Genotype Source Growth habit Fruit 

shape 

Bacterial wilt 

resistance 

Yield  

(t haˉ1) 

Reference 

AVTO1424 AVRDC Semi determinate Oblong Resistant unknown AVRDC, 2009 

AVTO1429 AVRDC Indeterminate Round Resistant unknown AVRDC, 2009 

AVTO1314 AVRDC Semi – 
determinate 

Round Resistant unknown AVRDC, 2009 

Roma VF Samoa Islands Determinate Oval Susceptible 21.8 Ali et al., 2015 

Valoria FS Local farmer’s–

selection 

Determinate Oblong  Resistant unknown KARI, 2007 

Roma VF x 

AVTO1429 

UoN and 

Continental Seed 

company breeding 

program 

Semi – 

determinate 

Oblong Resistant 62.9 Kathimba et al., 2017 

Roma VF x 

AVTO1424 

UoN and 

Continental Seed 

company breeding 

program 

Determinate Oval Resistant 52.3 Kathimba et al., 2017 

Roma VF x 

AVTO1314 

UoN and 

Continental Seed 

company breeding 

program 

Determinate Oblong Resistant 49.6 Kathimba et al., 2017 

Roma VF x 

Valoria 

select. 

UoN and 

Continental Seed 

company breeding 

program 

Determinate  Susceptible 55.2 Kathimba et al., 2017 

 

7.2.3 Experimental design  

The experiment was organized in two parts: 1) hybridization of five parental lines in half diallel 

mating design excluding reciprocals from September 2018 at Kabete field station, 2) Four F1 

progenies and five parents were planted in the field at Kabete Field station, University of 

Nairobi to give fruits for analysis of processing quality traits and shelf life from April 2019. 

The experiment was carried out in a split plot design with different temperature levels namely, 

25°C, 16°C and 4°C as the main plots and the nine tomato genotypes as the sub-plots and was 

replicated three times. 
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7.2.4 Treatment design 

Six tomato fruits were randomly selected for processing quality traits and shelf-life analysis at 

Kabete Field Station. Criteria used to select these two types was by randomly choosing the 

marketable fruits. The fruits were harvested from the parental materials as follows:  four F₁ 

hybrids from cross-combination of Roma VF x AVTO1429, Roma VF x AVTO1424, Roma 

VF x AVTO1314 and Roma VF x Valoria select.  Tomato fruits were hand harvested at mature 

green stage based on the “Colour Classification Requirement in United States Standards for 

Grades of Fresh Tomatoes” chart (USDA, 2007). The fruits which were uniform in size and 

shape and did not have physical defects were hand washed by soft rubbing with distilled water 

to remove any physical dirt. The fruits surface was then dried with a soft cotton cloth before 

storing at 4, 16 and 25°C. Cold storage rooms were designed with LG air conditioners, (model 

BSQ1865NAO18KBTU Gencool Inverter) from Kenya to provide the storage temperature 

levels. The cold room was insulated and fitted with air conditions to prevent fluctuation of 

temperature and influence of the outside conditions. The six fruits were placed 2cm apart in 

round mudeela 12 inches, 6 pack plastic trays from Amazon Kenya replicated three times 

(Figure 7.1). Data collection on fruit firmness and weight started after one week and this 

continued for five weeks for the three temperature levels in Kabete Field Station following a 

modified protocol of Tadesse et al. (2012). 

 

 

Figure 7. 1: Postharvest experiment layout: Nine tomato genotypes fruits set under Ambient 

(25°C) storage replicated three times each replicate having six fruits 
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7.2.5 Data collection   

Data on fruit firmness (Ncm2), fruit weight and fruit shelf life which was measured as the 

cumulative fruit weight and firmness loss during the five weeks storage duration were collected 

on six fruits.   

7.2.5.1 Fruit firmness (Ncm2) 

Average fruit firmness was determined on a random sample of six fruits per plot at mature 

green, breaker and red stages using digital hand-held Lutron fruit hardness tester (Model FR 

5105, from Taiwan, manufactured by Italy Lutron electronic) (Figure 7.2). Fruits were 

punctured using a 1cm diameter plunger and the pressure used to penetrate fruit pericarp shown 

on the digital reader of the penetrometer recorded and expressed in (Ncm2). The procedure was 

followed for three replicates per genotype and results tabulated as maximum force to puncture 

fruits in Newtons (Ncm2) (Tigist et al., 2013; Batu, 2004).  

 

Figure 7. 2: Measurement of tomato genotype AVTO1314 fruit firmness using hand-held 

Lutron fruit hardness tester. Fruit weight was determined using a weighing balance (Model 

AG64-100, manufactured by Wagtech International from NewYork) 
 

7.2.5.2 Fruit weight (g) 

Fruit weight were measured using an electronic balance (Model AG64-100 manufactured by 

Wagtech International from New York). Weight-loss was determined following procedure 

described by Pinheiro et al. (2013). A total of six fruits per replicate were weighed at 7-day 

intervals for five weeks. Weight loss was the difference between fruit weight at day 0 and 

change in weight after 7, 14, 21, 28 and 35 days of storage.  
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7.2.5.3 Fruit shelf-life 

Fruit shelf life was determined by measuring fruit weight loss and fruit firmness on a random 

sample of six fruits per plot harvested at mature green stage (Figure 7.3). Visual assessment of 

the fruits was also conducted and was used as the criterion to assess marketability of the fruits 

over the five weeks of storage under different temperature levels. Fruit weight and firmness 

were measured at 7-day intervals for five weeks. Visual assessment of the fruits was conducted 

following the modified procedure suggested by Tadesse et al., (2012). Marketable quality was 

evaluated based on a 1 to 9 rating scale. A score of 1 was considered as excellent, 2 =very 

good, 3=good; 4-6 as fair; 7=unsalable, 8-9 as unusable or equivalent. Samples with a score 

more than 4 were considered not marketable. The marketability attributes were determined by 

observing colour, firmness, surface defects and sign of mould growth as visual parameters and 

overall acceptability of the product. This test was conducted to assess marketability of the fruits 

over the five weeks duration of storage under different temperature levels (4°C, 16°C and 

25°C)  

 

Figure 7. 3: Determination of fruit firmness, weight loss and marketability at Seed Quality 

Laboratory in Kabete Field Station, University of Nairobi. Fruit firmness, weight loss and 

marketability were used as indicators of shelf-life and processing quality. 
 

7.2.6 Data analysis 

Quantitative trait data for fruit firmness and weight loss was subjected to analysis of variance 

(ANOVA) using GenStat software (15th edition). The temperature levels were the main plots 

and the nine tomato genotypes were sub-plots. Least significant difference (LSD) test was used 

to compare and separate means of the genotypes and storage temperatures at 5% significance 

P-value thresholds. 
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7.3 Results 

Subjective fruit quality is important indicator used by consumers and processors in determining 

quality of tomatoes especially the shelf life. Fruit quality is perceived by consumers through 

the mechanical feel of the firmness and weight loss after checking for the changes in the fruit 

texture such as shrinkage, wrinkles, and lack of shiny surface which occurs with time of 

storage. The results showed that there was significant decrease in physiological fruit firmness 

and weight at the three-storage temperature from 25°C, 16°C and 4°C, over the five weeks 

period of the experiment at (P≤0.05). The lower the temperature in the cold storage at 4°C the 

higher the fruit firmness and weight and vice versa for the higher temperature of 25°C.  

7.3.1 Fruit firmness (Ncm2) 

There were significant differences among storage temperatures for fruit firmness at (P≤0.01)  

(Table 7.2). Fruit firmness was highest when the fruits were stored at 4°C, which had a value 

of 50.4 Ncm2. It was followed by fruits stored at 16°C that had a mean of 49.7 Ncm2 and 

ambient temperature of 25°C had the least mean of 35.6 Ncm2 for fruit firmness (Table 7.3). 

Analysis of variance showed significantly high differences among the 1st, 2nd, 3rd, 4th, and 5th 

week of storage for fruit firmness at (P≤0.01). Fruit firmness decreased from 66.02 Ncm2 after 

storage for 7 days to 30.65 Ncm2 after storage for 35 days (Figure 7.5).  

There were highly significant differences among the nine tomato genotypes at (P≤0.01) for 

fruit firmness (Table 7.2). AVTO1424 had the highest fruit firmness mean of 50.18 Ncm2, 

followed by genotype AVTO1429 with a mean of 49.48 Ncm2 (Table 7.3). F1 hybrid from cross 

of Roma VF x AVTO1314 had higher fruit firmness mean of 48.59 Ncm2 compared to both 

parents. Genotype Valoria select and F1 hybrid from cross of Roma VF x Valoria select had 

the lowest fruit firmness mean of 41.63 and 41.02 Ncm2, respectively. 

There were highly significant differences for the interaction between the three storage 

temperature levels and storage duration for fruit firmness trait at (P≤0.01) (Table 7.2). Results 

showed that temperature of 4°C had the lowest cumulative mean loss in fruit firmness of 35.37 

Ncm2, followed by 25°C that had a cumulative mean loss of 49.67 Ncm2 and the highest mean 

loss of 50.39 Ncm2 was had at 16°C, over the five weeks storage duration (Table 7.8). This 

indicates temperatures of 4°C reduces the loss and deterioration in fruit firmness compared to 

other storage temperatures.  

There were also highly significant differences for the interaction between the three storage 

temperature levels and the nine genotypes evaluated at (P≤0.01) (Table 7.2). AVTO1424 had 

the highest fruit firmness mean of 55.11 Ncm2, followed by AVTO1429 at 54.77 Ncm2. In 
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contrast, Valoria select (41.16 Ncm2) and F1 hybrid from the cross of Roma VF x Valoria select 

(46.02 Ncm2) had the lowest mean at 4°C (Table 7.5). AVTO1314 had the highest mean of 

59.04 Ncm2. This was followed by AVTO1429, AVTO1424 and the cross of Roma VF x 

AVTO1314 which had a mean of 56.04, 54.01 and 55.98 Ncm2, respectively. F1 hybrid from 

the cross of Roma VF x Valoria and pure-line of Roma VF had the lowest mean in fruit firmness 

of 44.88 and 45.28 Ncm2, respectively at 16°C (Figure 7.4). AVTO1424 recorded the highest 

mean of 41.43 Ncm2 in fruit firmness, followed by AVTO1429 and F1 hybrid from the cross of 

Roma VF x AVTO1424 and Roma VF x AVTO1314 with a mean of 37.62, 37.88 and 37.61 

Ncm2, respectively at 25°C (Table 7.5). All the nine genotypes recorded lower means in fruit 

firmness at 25°C storage temperature than the means recorded at 4 and 16°C (Figure 7.4). 

The results revealed that as the storage duration of tomato fruits increased from one to five 

weeks, fruit firmness means reduced significantly in the nine tomato genotypes evaluated 

(Figure 7.5). At the end of storage duration, AVTO1424 had the highest mean of 50.18 Ncm2 

in fruit firmness followed by AVTO1429 and F1 hybrid Roma VF x AVTO1314 with a mean 

of 49.48 and 48.59 Ncm2, respectively. The lowest mean of 41.63 and 41.02 Ncm2 was recorded 

by Valoria select and F1 hybrid Roma VF x Valoria select (Figure 7.4).  

Table 7. 2: Mean squares of fruit firmness and fruit weight of 9 tomato genotypes in three 

temperature environments at Kabete in Kenya, 2019 

Mean squares 

Source Df 

Fruit firmness 

(Ncm2) 

Fruit weight 

(g) 

Replication 2 158.9 117 
Temperatureß 2 50264** 2658311** 

Residual 4 409.6 1715 

Storage duration 4 83949.7** 223118** 

Temperature. Weeks 8 1516.4** 28372** 

Residual 24 248.6 112 

Genotypes 8 2155.1** 9155** 

Temperature. Genotypes 16 395.7** 6404** 

Weeks. Genotypes 32 198.5 217 

Temperature. Weeks. Genotypes 64 224.3 197 

Residual 240 126.1 720 

Storage temperatures were 25°C, 4°C and 16°C. *, ** Significant at 5 and 1 percent probability levels, 
respectively. 
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Figure 7. 4: The effect of storage temperatures 4, 16 and 25°C on fruit firmness in nine tomato 

genotypes stored for 35 days 

 

 

Figure 7. 5: The effect of storage duration on fruit firmness of nine tomato genotypes 

 

7.3.2 Fruit weight (g) 

There were highly significant differences among the storage temperatures 4, 16 and 25°C for 

fruit weight at (P≤0.01) (Table 7.2). The means for the three storage temperatures showed that 

4°C recorded the highest fruit weight of 212.61g, followed by 16°C at 118.53g and 25°C had 

the lowest fruit weight of 98.95g (Table 7.3). Highly significant differences were recorded 
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among the storage duration of 1, 2, 3, 4 and 5 weeks for fruit weight at (P≤0.01) (Table 7.2). 

Week one storage duration had the highest fruit weight mean of 171.69g, followed by week 

two with a mean of 157.99g and week five storage duration had the lowest fruit weight mean 

of 114.42g (Table 7.4). The means indicated that there was a significant cumulative fruit weight 

loss of ≥98.95g over the five weeks storage duration (Table 7.7). Analysis of variance showed 

highly significant differences at (P≤0.01) among the nine genotypes evaluated for fruit weight 

(Table 7.2). AVTO1424 recorded the highest fruit weight mean of 168.01g, followed by 

genotype AVTO1429 with a mean of 148.49g (Table 7.3). F1 hybrids from the cross of Roma 

VF x AVTO1429 and Roma VF x AVTO1424 had higher means of 146.16 and 146.31g, 

respectively compared to the other 2F1 hybrids. In addition, these F1 hybrids had higher fruit 

weight mean compared to parental genotype Roma VF that recorded a mean of 134.7g. 

AVTO1314 had the lowest fruit weight mean of 133.36g, followed by Roma VF at 134.7g and 

F1 hybrid from cross of Roma VF x AVTO1314 which had a mean of 137.11g. 

There were highly significant differences for the interaction between the three storage 

temperature levels and storage duration for fruit weight trait at (P≤0.01) (Table 7.2). Results 

showed that 4°C had the lowest cumulative mean fruit weight loss of 98.95g, followed by 16°C 

which recorded a cumulative mean loss of 118.53g and the highest mean loss of 212.61g was 

recorded at 25°C, over the five weeks storage duration (Table 7.8). This indicated that 4°C 

reduces fruit weight loss and deterioration in fruit compared to other storage temperatures.  

There were also high significant differences for the interaction between the three storage 

temperature levels and the nine genotypes evaluated at (P≤0.01) (Table 7.2). AVTO1424 had 

the highest fruit weight mean of 265.75g, followed by AVTO1429 at 228.84g and F1 hybrid 

from cross Roma VF x AVTO1424 at 224.27g. AVTO1314, followed by F1 hybrid from the 

cross of Roma VF x AVTO1314 had the lowest mean of 180.94 and 196.05g, respectively at 

4°C (Table 7.5). Valoria select had the highest mean of 129.46g, followed by AVTO1314 and 

AVTO1424 which had a mean of 128.25 and 124.25g, respectively. Roma VF had the lowest 

mean in fruit weight of 101.87g at 16°C (Table 7.5). AVTO1424 had the highest fruit weight 

mean of 114.02g, followed by F1 hybrid from the cross of Roma VF x AVTO1429 with a mean 

of 107.25g. AVTO1314 had the lowest mean of 90.87g at 25°C (Table 7.5). All the nine 

genotypes had significantly higher means in fruit weight at 4°C storage temperature than the 

means recorded at 25 and 16°C (Figure 7.6). 

The results revealed that as the storage duration of tomato fruits increased from one to five 

weeks, fruit weight reduced significantly in all the nine tomato genotypes evaluated (Figure 

7.7). At the end of storage duration, genotype AVTO1424 had the highest mean of 168.01g in 
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fruit weight, followed by AVTO1429 at 148.49g. F1 hybrid from the cross of Roma VF x 

AVTO1424 and Roma VF x AVTO1429 also had higher fruit weight of 146.31 and 146.16g, 

respectively. The lowest mean of 133.36 and 134g was recorded by genotype AVTO1314 and 

Roma VF (Table 7.4).  

 

Figure 7. 6: The effect of storage temperatures on fruit weight in nine tomato genotypes stored 

for a duration of five weeks  

 

 

Figure 7. 7: The effect of storage duration on fruit weight in the nine tomato genotypes 
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7.3.3 Fruits quality and marketability loss 

7.3.3.1 Physiological loss in fruit firmness (Ncm2) 

Analysis of variance indicated there were significant decrease in fruit firmness at (P≤0.05) at 

all storage temperatures over the five weeks of storage. The loss in fruit firmness means across 

the three storage temperatures of 25, 16 and 4°C ranged from 17.15 Ncm2 for AVTO1429 to 

6.31 Ncm2 for Valoria select (Table 7.7). Storage temperatures of 4°C had the lowest fruit 

firmness decrease that ranged from 31.57 Ncm2 for AVTO1424 to 23.87 Ncm2 for Valoria 

select at five weeks storage. Storage temperatures of 25°C had fruit firmness decrease that 

ranged from 45.58 Ncm2 in F₁ hybrid of Roma VF x Valoria select to 20.9 Ncm2 for 

AVTO1314 while 16°C had the highest fruit firmness decrease that ranged from 51.73 Ncm2 

for AVTO1314 to 39.80 Ncm2 for F₁ hybrid of Roma VF x AVTO1314 and Roma VF x 

AVTO1424 (Table 7.8).  

7.3.3.1 Fruits physiological loss in weight (g) 

Analysis of variance showed that there were significant differences at (P≤0.05) for mean loss 

in physiological weight across the three storage temperatures over the five weeks of storage. 

Decreased cumulative weight loss was recorded across the three storage temperatures of 4, 16 

and 25°C with weight loss figures varying from 151.73g for AVTO1424 to 90.07g for 

AVTO1314 (Table 7.7). Storage temperatures of 4°C had the lowest storage weight loss for 

five storage weeks that ranged from 21.0g recorded in F₁ hybrid from cross of Roma VF x 

AVTO1429 to 10.7g for Valoria select. Storage temperatures of 25°C had storage weight loss 

that ranged from 91.32g recorded by F₁ hybrid Roma VF x Valoria select to 66.2g in genotype 

AVTO1424 across the five weeks while at 16°C storage weight loss ranged from 105.87g 

recorded in AVTO1424 to 58.76g for Roma VF (Table 7.8). 
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Table 7. 3: Fruit firmness and fruit weight of 9 tomato genotypes in three temperature 

environments at Kabete in Kenya, 2019 

Genotypes 

Fruit firmness (Ncm2)   Fruit weight (g) 

4°C 16°C 25°C Mean   4°C 16°C 25°C Mean 

AVTO1429 54.77 56.04 37.62 49.48  228.84 123.64 92.99 148.49 

Roma VF 49.25 45.28 34.54 43.02  204.60 101.87 97.63 134.70 

Roma VF x AVTO1429 51.79 48.36 34.78 44.97  210.48 120.74 107.25 146.16 

AVTO1424 55.11 54.01 41.43 50.18  265.75 124.25 114.02 168.01 

Roma VF x AVTO1424 52.34 49.29 37.88 46.50  224.27 119.75 94.89 146.31 

AVTO1314 47.57 59.04 31.40 46.00  180.94 128.25 90.87 133.36 

Roma VF x AVTO1314 52.19 55.98 37.61 48.59  196.05 118.35 96.94 137.11 

Valoria select 41.16 48.89 34.85 41.63  207.90 129.46 93.86 143.74 

Roma VF x Valoria select 46.02 44.88 32.14 41.02  219.52 118.80 97.63 145.32 

Grand mean 50.39 49.67 35.57 45.21   212.61 118.53 98.95 143.36 

CV (%)   
 2.90     1.90 

LSD (5%)       4.66         11.15 

LSD= Least significant differences of means at (P≤0.05), CV = Coefficient of variation. Storage 
temperatures were 4°C, 16°C and 25°C. 
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Table 7. 4: Fruit firmness and fruit weight of 9 tomato genotypes in three temperature environments for five weeks at Kabete in Kenya, 2019 

Genotypes 

Fruit firmness (Ncm2)   Fruit weight (g) 

Week 1 Week 2 Week 3 Week 4 Week 5 Mean  Week 1 Week 2 Week 3 Week 4 Week 5 Mean 

AVTO1429 69.26 56.22 46.50 40.58 34.83 49.48  179.94 168.11 148.57 129.72 116.11 148.49 

Roma VF 65.74 47.50 39.09 33.99 28.78 43.02  158.75 145.95 136.08 122.73 109.99 134.70 

Roma VF x AVTO1429 66.45 51.18 41.76 35.15 30.33 44.97  177.38 160.92 147.59 130.13 114.76 146.16 

AVTO1424 71.27 56.79 46.18 40.84 35.83 50.18  201.95 177.89 169.70 152.39 138.11 168.01 

Roma VF x AVTO1424 67.34 51.01 42.84 38.33 32.98 46.50  171.93 160.35 146.62 133.69 118.94 146.31 

AVTO1314 66.47 49.77 43.22 38.30 32.26 46.00  165.33 145.84 132.16 117.65 105.81 133.36 

Roma VF x AVTO1314 65.38 60.30 44.58 39.09 33.61 48.59  166.41 151.74 136.95 121.74 108.73 137.11 

Valoria select 65.54 44.71 37.52 33.49 26.91 41.63  169.71 162.18 146.01 128.88 111.91 143.74 

Roma VF x Valoria select 64.17 44.92 37.75 32.56 25.69 41.02  173.22 161.58 145.35 130.84 115.6 145.32 

Grand mean 66.02 51.49 41.65 36.26 30.65 45.21   171.69 157.99 143.87 128.82 114.42 143.36 

CV (%)   
  

 5.00   
 

 
 

 1.10 

LSD (5%)           4.08             5.93 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. Storage temperatures were 4°C, 16°C and 25°C. 

 

 



312 
 

Table 7. 5: Fruit firmness of 9 tomato genotypes in three temperature environments for five weeks at Kabete in Kenya, 2019 

Genotypes 

Fruit firmness (Ncm2) 

4°C  16°C  25°C 

Week 

1 

Week 

2 

Week 

3 

Week 

4 

Week 

5 Mean  

Week 

1 

Week 

2 

Week 

3 

Week 

4 

Week 

5 Mean  

Week 

1 

Week 

2 

Week 

3 

Week 

4 

Week 

5 Mean 

AVTO1429 78.46 60.04 52.12 46.26 36.96 54.77  76.54 59.80 52.35 48.00 43.53 56.04  52.78 48.81 35.04 27.49 23.99 37.62 

Roma VF 75.58 52.80 45.05 38.62 34.20 49.25  72.28 48.49 40.46 36.16 28.99 45.28  49.37 41.20 31.76 27.20 23.15 34.54 

Roma VF x AVTO1429 76.36 57.03 48.65 40.98 35.92 51.79  73.87 51.50 43.58 38.90 33.93 48.36  49.12 45.01 33.05 25.57 21.15 34.78 

AVTO1424 80.45 59.10 50.25 45.09 40.64 55.11  75.22 57.22 50.50 46.82 40.29 54.01  58.14 54.06 37.77 30.60 26.57 41.43 

Roma VF x AVTO1424 79.43 54.14 46.73 42.95 38.43 52.34  69.96 52.80 46.14 42.32 35.21 49.29  52.62 46.08 35.66 29.73 25.30 37.88 

AVTO1314 79.66 51.49 42.77 36.01 27.93 47.57  71.00 61.42 57.19 55.49 50.10 59.04  48.76 36.39 29.70 23.40 18.74 31.40 

Roma VF x AVTO1314 76.05 57.73 48.82 42.08 36.25 52.19  66.94 80.55 49.41 44.4 38.61 55.98  53.16 42.61 35.50 30.81 25.97 37.61 

Valoria select 71.68 45.23 34.65 29.52 24.71 41.16  75.96 50.79 44.71 42.08 30.92 48.89  48.97 38.12 33.19 28.86 25.10 34.85 

Roma VF x Valoria 

select 72.88 50.05 42.04 35.59 29.54 46.02  73.58 47.19 40.4 35.24 28 44.88  46.05 37.51 30.8 26.84 19.52 32.14 

Grand mean 76.25 54.51 46.3 40.15 34.76 50.39   71.49 57.16 45.04 40.53 34.13 49.67   50.33 42.8 33.6 28.1 23.05 35.57 

CV (%)   
  

 37.20    
 

 
 

37.20  
 

    37.2 

LSD (5%)           18.29             13.70             6.426 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. Storage temperatures were 4°C, 16°C and 25°C. 
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Table 7. 6: Fruit weight of 9 tomato genotypes in three temperature environments for five weeks at Kabete in Kenya, 2019 

Genotypes 

Fruit weight (g) 

4°C    16°C  25°C 

Week 

1 

Week 

2 

Week 

3 

Week 

4 

Week 

5 Mean  

Week 

1 

Week 

2 

Week 

3 

Week 

4 

Week 

5 Mean  

Week 

1 

Week 

2 

Week 

3 

Week 

4 

Week 

5 Mean 

AVTO1429 264.95 252.93 229.51 207.84 188.98 228.84  172.33 153.37 123.11 93.19 76.2 123.64  
102.53 98.02 93.10 88.14 83.13 92.99 

Roma VF 239.12 222.43 203.33 186.32 171.79 204.60  129.14 114.68 107.12 88.03 70.38 101.87  107.99 100.74 97.78 93.84 87.82 97.63 

Roma VF x AVTO1429 251.90 233.55 212.11 189.52 165.31 210.48  162.83 137.11 122.62 98.58 82.58 120.74  117.40 112.09 108.05 102.30 96.40 107.25 

AVTO1424 299.90 280.20 267.48 247.49 233.70 265.75  181.66 134.45 128.66 100.68 75.79 124.25  124.29 119.01 112.98 108.99 104.84 114.02 

Roma VF x AVTO1424 263.79 248.17 223.44 204.30 181.66 224.27  148.35 134.30 121.10 106.03 88.98 119.75  103.65 98.58 95.33 90.73 86.18 94.89 

AVTO1314 224.10 201.95 178.43 159.22 141.01 180.94  171.24 141.48 128.62 106.71 93.21 128.25  100.65 94.08 89.41 87.01 83.20 90.87 

Roma VF x AVTO1314 239.15 217.99 194.73 174.63 153.77 196.05  154.41 136.30 119.28 97.75 84.00 118.35  105.66 100.93 96.84 92.84 88.43 96.94 

Valoria select 246.21 233.45 211.96 185.41 162.47 207.90  163.81 156.90 132.32 109.43 84.83 129.46  99.13 96.18 93.74 91.81 88.43 93.86 

Roma VF x Valoria select 264.07 241.38 222.28 197.15 172.75 219.52  149.80 143.15 116.97 101.32 82.74 118.80  105.8 100.20 96.80 94.04 91.31 97.63 

Grand mean 253.76 234.77 213.05 191.69 169.75 212.61   153.32 136.53 119.6 99.98 83.22 118.53   107.99 102.67 98.97 94.8 90.29 98.95 

CV (%)   
  

 24.10    
 

 
 

24.10  
 

    24.1 

LSD (5%)           42.98             31.77             13.101 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. Storage temperatures were 4°C, 16°C and 25°C. 
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Table 7. 7: Mean cumulative loss in fruit firmness (Ncm²) and fruit weight (g) of 9 tomato 

genotypes in three temperature environments for five weeks at Kabete in Kenya, 2019 

Genotypes Fruit firmness (Ncm²) 

 

Fruit weight (g) 

AVTO1429 17.15  135.85 

Roma VF 14.71  106.97 

Roma VF x AVTO1429 17.01  103.23 

AVTO1424 13.68  151.73 

Roma VF x AVTO1424 14.46  129.38 

AVTO1314 16.17  90.07 

Roma VF x AVTO1314 14.58  99.11 

Valoria select 6.31  114.04 

Roma VF x Valoria select 13.88  121.89 

Grand mean 35.57   98.95 

CV (%) 2.9  1.9 

LSD (5%) 4.66   11.15 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. Storage 
temperatures were 4°C, 16°C and 25°C. 

 

Table 7. 8: Mean cumulative loss in fruit firmness (N cm²) and fruit weight (g) of 9 tomato 

genotypes in three storage temperature for five weeks at Kabete in Kenya, 2019 

Genotypes 
Fruit firmness (N cm²)   Fruit weight (g) 

25°C 
 

16°C 
 

4°C 
 

25°C 
 

16°C 
 

4°C 

AVTO1429 33.01 
 

41.5 
 

28.79 
 

75.97 
 

96.13 
 

19.40 

Roma VF 43.29 
 

41.38 
 

26.22 
 

67.33 
 

58.76 
 

20.17 

Roma VF x AVTO1429 39.94 
 

40.44 
 

27.97 
 

86.59 
 

80.25 
 

21.00 

AVTO1424 34.93 
 

39.81 
 

31.57 
 

66.2 
 

105.87 
 

19.45 

Roma VF x AVTO1424 34.75 
 

41.00 
 

27.32 
 

82.13 
 

59.37 
 

17.47 

AVTO1314 20.90 
 

51.73 
 

30.02 
 

83.09 
 

78.03 
 

17.45 

Roma VF x AVTO1314 28.33 
 

39.80 
 

27.19 
 

85.38 
 

70.41 
 

17.23 

Valoria select 45.04 
 

46.97 
 

23.87 
 

83.74 
 

78.98 
 

10.70 

Roma VF x Valoria select 45.58 
 

43.34 
 

26.53 
 

91.32 
 

67.06 
 

14.49 

Grand mean 49.67   50.39 
 

35.57 
 

212.61   118.53 
 

98.95 

CV (%) 37.2 
 

37.2 
 

37.2 
 

24.1 
 

24.1 
 

24.10 

LSD (5%) 13.7   18.29 
 

6.426 
 

42.98   31.77 
 

13.10 

LSD= Least significant differences of means at (P≤0.05), CV (%) = Coefficient of variation. Storage 
temperatures were 4°C, 16°C and 25°C. 
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Figure 7. 8: Six fruits of Valoria select tomato genotype on a plastic plate under ambient 

temperatures of 25°C in storage room at Kabete, University of Nairobi in August 2018 

  

 

Figure 7. 9: Subjective quality and marketability assessment: fruits from nine genotypes 

replicated three times set under Ambient (25°C) storage for assessment of marketability 

attributes at Kabete 2018 
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Figure 7. 10: Postharvest storage experiment layout for processing and shelf-life assessment 

under 16°C temperatures at Kabete, University of Nairobi 2018 

 

 

Figure 7. 11: 16°C postharvest storage: display of experimental layout for postharvest 

assessment of nine tomato genotypes replicated three times at Kabete 2018 
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Figure 7. 12: 4°C cold room storage experiment layout for assessment of postharvest 

processing and shelf life of nine tomato genotypes replicated three times in Kabete 2018 

 

 

Figure 7. 13: Postharvest processing and shelf-life data collection: measurement of 

quantitative traits (fruit firmness and weight loss) using hand-held Lutron fruit Hardness Tester 

and weighing balance model AG64-100 under cold room storage at Kabete 2018 
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7.4 Discussion 

Fruit firmness 

Results showed that temperature of 4°C had the highest fruit firmness mean of 50.39 Ncm-2, 

followed by 16°C and ambient temperature of 25°C recorded the least mean of 35.57 Ncm-2 

for fruit firmness. The lower the temperature (cold storage, 4°C) the higher the firmness and 

vice versa for the higher temperature. The results revealed that as the storage duration of tomato 

fruits increased from one to five weeks, fruit firmness means reduced significantly in the nine 

tomato genotypes evaluated (Figure 7.5). At the end of storage duration, genotype AVTO1424 

recorded the highest mean of 50.18 Ncm-2 in fruit firmness followed by AVTO1429 and F1 

hybrid from the cross of Roma VF x AVTO1314 with a mean of 49.48 and 48.59 N/cm², 

respectively while the lowest mean of 41.63 and 41.02 Ncm-2 was recorded by genotype 

Valoria select and F1 hybrid from the cross of Roma VF x Valoria select (Table 7.4).  

Storage of harvested tomato fruits at higher temperature increases ripening progression through 

increased ethylene gas production. Ripening results in decreased fruit firmness attributed to 

increased hydrolytic enzymes activities and changes in hydrostatic pressure of tomato fruit. 

This process decreases with decrease in temperature from 25°C to 4°C and this explains the 

results herein. Similar findings were recorded by Tran et al., (2017) in Hanoi, Vietnam after 

evaluating changes of tomato during fruit development and climacteric ripening. They 

evaluated changes in quality of tomato grown under greenhouse and open field production on 

consumer preference. They had decrease in fruit firmness, fruit mass, colour and total acidity 

as fruits ripens significantly over the two growing regimes and storage. Fruit firmness plays an 

important role in quality assessment especially for fresh market and influences consumers’ 

decisions. Soft tomato fruits are less demanded by consumer because of the mealy texture but 

desired in processing tomatoes as similarly reported by Batu, (2004). Tomato fruits which are 

harvested far from the market and requires long distance transportation are subject to potential 

mechanical damage and this increases the need for firmer fruits that can withstand handling 

challenges as documented by Kader, (2002). Importance of firm fruits was documented further 

by Cherono et al., (2018) in relation to poor roads found in many rural farms across Africa and 

packing options adopted because they impact the fruit bruising and mechanical damages which 

accelerate ripening rate and results into decreased quality and loss of marketable value. 
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Fruits physiological loss in weight 

There was significant decrease in physiological fruit weight across the three-storage 

temperatures of 4, 16 and 25°C, over the five weeks period of the experiment. Temperatures 

of 4°C recorded the lowest cumulative mean loss in fruit weight of 98.95g and the highest mean 

loss of 212.61g was recorded at 25°C, over the five weeks storage duration. The lower the 

temperature (cold storage, 4°C) the higher the fruit weight and vice versa for the higher 

temperature. Genotype AVTO1424 recorded the highest fruit weight mean of 168.01g, 

followed by genotype AVTO1429 while Genotype AVTO1314 recorded the lowest fruit 

weight mean of 133.36g. F1 hybrids from the cross of Roma VF x AVTO1429 and Roma VF 

x AVTO1424 also recorded a higher fruit weight. Reduced weight loss recorded for cold room 

storage of 4°C signifying that tomato varieties record low weight loss when stored in cold 

temperature. From the analysis of data, it was statistically at (P≤0.05) proven that storage 

temperature influences the loss in weight of tomato fruits over time. Similar findings were 

documented by Javanmardi and Kubota, (2006) after their experiment on ‘variation of 

lycopene, antioxidant activity, total soluble solids and weight loss of tomato during postharvest 

storage’. They recorded significant loss in weight of tomato fruits across different storage 

temperature attributed to physiological and metabolic processes which are higher at higher 

temperatures. Tigist et al., (2013) also explained these phenomena and linked it to respiratory 

and transpiration processes within the tomato fruits which decrease with low temperature 

resulting in reduce weight loss under cold room storage (4°C). Increased weight loss is not 

desired trait by producers, processors and consumers and should be reduced through avoiding 

exposure of tomato fruits after harvesting to high temperatures which accelerate ripening and 

results in increased weight loss. 

Fruits quality and marketability loss 

There was significant decrease in physiological fruit firmness and weight across the three-

storage temperatures of 25, 16 and 4°C, over the five weeks period of the experiment. Fruit 

quality is perceived by consumers through the mechanical feel of the firmness and weight loss 

after checking for the changes in the fruit texture such as shrinkage, wrinkles, and lack of shiny 

surface which occurs with time of storage. Cumulative mean loss in firmness ranged from 

49.67Ncmˉ² at 25°C to 35.57Ncmˉ² at 4°C and fruit weight loss ranged from 212.61g at 25°C 

to 98.95g at 4°C, over five weeks storage. Subjective fruit quality is important indicator used 

by consumers and processors in determining quality of tomatoes especially shelf life as 

described by Nelson and Alirio, (2012). Prevailing temperature condition within the storage 
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location affect the duration tomato fruits take before losing marketability attributes as detailed 

by Workneh et al., (2012). 

7.5 Conclusion 

Temperature of 4°C recorded the highest fruit firmness and fruit weight mean and hence the 

lowest cumulative mean loss in both traits. All the nine genotypes recorded significantly higher 

means in fruit weight and fruit firmness at 4°C storage temperature than the means recorded at 

25 and 16°C. The results revealed that as the storage duration of tomato fruits increased from 

one to five weeks, fruit weight and firmness reduced significantly in the nine tomato genotypes 

evaluated. Genotype AVTO1424 recorded the highest fruit firmness and fruit weight followed 

by genotype AVTO1419. F1 hybrid from cross of Roma VF x AVTO1314 recorded higher fruit 

firmness and F1 hybrids from the cross of Roma VF x AVTO1429 and Roma VF x AVTO1424 

recorded a higher fruit weight compared to the other 2F1 hybrids and parental genotype Roma 

VF. Tomato fruits stored under cold storage of 4°C have lower physiochemical reactions after 

harvesting. Cold temperature lowers the production of ethylene gas which triggers ripening 

because of increased respiratory and transpiration process. These contributes to decrease in 

quality attributes for fresh and processing tomatoes if not managed through storage under low 

temperature.  
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CHAPTER 8 

GENERAL DISCUSSION, CONCLUSION AND RECOMMENDATIONS 

8.1 General Discussion 

8.1.1 Characterization of germplasm accessions and selection of parental lines for population 

development 

Qualitative traits 

Evaluation of the germplasm collection using the IPIGRI tomato descriptors (2003) showed no 

genotypic variation across the three environments (Kabete long and short rains and Mwea short 

rains) for the qualitative traits assessed. The studied qualitative traits were growth habit, stem 

colour, flower colour, fruit colour, stem pubescence density, fruit shape, fruit cross-section shape, 

fruit size, jointed and jointless pedicels. Tomato seedlings for genotypes AVTO1429, AVTO1424 

and AVTO1314 had green stem colour whereas all other genotypes had purple stem colour. All 

the genotypes had determinate growth habit except genotype AVTO1314 that showed 

indeterminate growth habit. The findings are consistent with those reported by Sacco et al. (2015) 

that out of the 125-tomato accession characterized, 77.2% were determinate. Marginal diversity 

was observed for flower and fruit colour in the ten genotypes indicated by yellow flowers petals 

and green fruit colour that turned red at full maturity. Out of the ten genotypes, Eden, Danny, 

Valoria selection, Roma VF, Cal J, UC82 and Rio Grande had dense canopy while AVTO1429, 

AVTO1424 and AVTO1314 had intermediate canopy. Fruits cross- section of the genotypes 

revealed that AVTO1429 had irregular fruit shape, AVTO1314 had round while other eight 

genotypes had angular fruit shape.  Of the 10 genotypes, seven had jointed pedicels. In contrast, 

Eden select, Valoria select and Rio Grande displayed jointless pedicels. The study showed eight 

of the ten studied genotypes had large fruits size categorized in the range of 8.1 to 10cm for fruit 

diameter and length while AVTO1314 and Valoria select had small sized fruits in the range 3 to 

5cm following the IPGRI descriptors for fruit size. These findings are similar to those reported by 

Maria et al. (2014) who found significant variations for fruit size, shape and cross-section shape 

in local Spanish tomato varieties. In addition, Kenneth (2016) findings support the results of our 

present study where it was demonstrated that majority of accession 81.2% evaluated had angular 

fruit cross-section shape and 56 of the accession had large fruit sizes ranging from 8.1 to 10cm. 

Owing to these results, it is evident that most tomato varieties in Africa have variations in 
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qualitative traits and have potential of improvement through breeding to introgress the desirable 

traits.  

Quantitative traits 

Results of this study showed that there was significant variation (P≤0.05) for duration to flowering 

and maturity among the ten tomato genotypes evaluated. Duration to flowering and maturity 

ranged from 37 to 48 days and 71 to 124 days, respectively. Furthermore, duration to flowering 

and maturity was influenced by the environment where the genotype was grown by either an 

increase or decrease in number of days. The average number of days to 50% flowering recorded 

at Kabete long and short rain and Mwea short rain was 42, 42 and 34 days, respectively while days 

recorded for maturity were 85, 116 and 82 days, respectively. This implies that breeding early, 

medium, and late maturing varieties for long and short rain seasons in Kenya is important. Hence 

keen focus on where such varieties are grown in developing a tomato breeding program to mitigate 

problems of fluctuating temperatures, demand in the market which affects tomato prices, shortages 

and excess rain is important. These findings were consistence with those reported by Samach and 

Lotan (2007) where the environment affected the timing of transition from vegetative to 

reproductive development of tomato. Genotypes showed differential responses to changes in 

environmental condition such as temperature, rainfall humidity and light intensity for the number 

of days to maturity. Kenneth (2016) reported comparable findings of variations in the days to 50% 

flowering and maturity across the 69 accessions evaluated in greenhouse and field conditions 

during the long and short rain season. Genotype UC 82 was earliest to flower (36 days) and 

matured earliest (85 days) in the three environments evaluated. Days to flowering had been 

reported to have a close association to maturity of the tomato genotypes (Sacco et al. 2015). The 

optimal duration required for tomato production in diverse production conditions in Kenya ranges 

from 70 to 100 days (Monsanto, 2013). Therefore, duration to flowering and maturity traits 

evaluated in this study have the variability to develop such varieties. Duration to flowering and 

maturity is important to tomato producers especially with erratic weather patterns nowadays to 

plan for the market, manage the major biotic and abiotic stress and to minimize the cost of 

production. Tomato varieties grown in Kenya thrive best in cool and dry climate with optimum 

production received in temperature ranging from 20 to 27°C but plant can still grow in 

temperatures within 10 and 38°C (Naika et al. 2005). Popular varieties like UC82 F1, Roma VF, 

M-82, Cal J F1, and Rio Grande are grown under open field conditions for processing market and 
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incorporating flowering and maturity traits desirable for diverse conditions where they are grown 

in Kenya is important. 

Plant height for all the genotypes was significantly different (P≤0.05) and consistent across the 

locations and seasons evaluated. Genotype AVTO1429 which exhibited indeterminate growth 

habit was the tallest measuring 126, 204.7 and 217cm at Kabete long rain, short rain and Mwea 

short rain, respectively. In contrast, genotype UC82 which had determinate growth habit was the 

shortest variety at Kabete long rain, short rain and Mwea short rain measuring 50.1, 72.3 and 

76.7cm, respectively. Most (85%) tomato varieties such as Roma VF and Cal J are short 

determinate and grown in open field production system. Plant height trait is essential in a tomato 

breeding program because it determines the variety requirement for support and training during 

growth (Kenneth 2016). Plant height is important in categorizing the variety as either determinate 

or indeterminate (Ochilo et al. 2019). International plant genetic resources institute (IPGRI, 2003) 

uses same categorization of tomatoes as determinate or indeterminate based on their height and 

continuation of growth. Determinate types do not require pruning and can be grown under short 

trellis or mulched to avoid fruit rot after getting in contact with soil and encourage concentrated 

fruiting of tomato crop with fruits that are relatively large (Nasrin et al. 2008). In contrast, 

indeterminate types require support system of up to 1m using twine trellis in the open field or 

under greenhouse and pruned to 1-3 shoots (Dobson et al. 2002). Smallholder farmers prefer 

determinate tomato types because of the management disadvantages associated with indeterminate 

types during crop cycle that include staking, tying and hedging. Moreover, these crop management 

practices require more labour and time that results in higher cost of production (Sigei et al. 2014: 

Ochilo et al. 2019).  

Significant differences at P≤0.05 were observed among the ten genotypes for chlorophyll 

concentration measured in SPAD value. The two highest scores were recorded in AVTO1314 and 

Danny selection at 51.73 and 49.59 SPAD units, respectively. The current findings are comparable 

to those reported by Kenneth (2016) that the SPAD value among the 69-accession studied had 

significant difference. SPAD value ranged from 45.1 to 62.7 for field grown accessions and 38.4 

to 59.0 for greenhouse grown accession. Chlorophyll is the most important photosynthetic material 

and its concentration is the main index reflecting the leaf photosynthesis ability and plant health 

condition. In addition, chlorophyll concentration is an alternative to determine the amount of 
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nitrogen content in plants. Therefore, genotypes with high SPAD (chlorophyll concentration) value 

should be selected in breeding for improved nitrogen content in plant. 

There were significant differences at P≤0.05 in fruit shape, number of fruits per truss and number 

of locules per fruit among the ten lines. Fruit shape is an important attribute when developing a 

variety for the market. Consumers have been using tomatoes with blocky or angular shape with 

durable or firm fruits. Results revealed Roma VF had the lowest fruit shape index and fruit 

firmness. In addition, the genotypes AVTO1314 and AVTO1429 recorded highest values for both 

fruit shape index and fruit firmness of more than 90Nmm-1. The study revealed that fruits per truss 

and locules per fruit had a positive association to productivity. The farmer prefers varieties with 

high productivity hence more fruit per truss and the market requires blocky, firm fruits. Therefore, 

variations in these traits as observed in the study provides potential for breeding desirable varieties. 

The findings were similar to those reported by Shushay et al. (2014) and Mohanty (2003) where 

significant variations in fruit shape, fruit length, diameter and other fruit traits among the tomato 

accession were observed. 

Fruit yield varied from 18,346 to 55,740kg-ha among the 10 lines. Yields are also varied with 

seasons and locations. For example, yields were highest at an average of 39,871kg-ha during Kabete 

long rain season while Kabete short rain season recorded the lowest yield average of 33,656kg-ha. 

In addition, the study revealed a positive and significant association of the fruit yield per plant with 

traits such as plant height (r= -0.371), number of primary branches (r=0.021), leaf length (r= 

0.194), leaf width (r=0.291), single leaf area and stem girth. Variations in fruit yield is important 

for tomato breeders in yield improvement through introgression of the trait in low yielding 

varieties with desirable agronomic traits. Producers fetch high profits and returns from high 

yielding varieties. The positive and significant correlation between yield and other traits observed 

in this study, indicates clearly that crop improvement for yields in tomato should focus on multiple 

traits.  

8.1.2 Reaction of 45 F1 hybrids and their parents to bacterial wilt disease in the greenhouse 

and the field 

Fifty-five genotypes were screened for their reaction to infection by bacterial wilt pathogen in a 

wilt infected sick plot in Kirinyaga County, and under artificial inoculation in the greenhouse at 

Kabete Field Station. The genotypes included the 10 accessions and their 45 F1 hybrids. The 
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objective of this trial was to identify and/or validate resistance to wilt among the parental lines, 

and the F1 hybrids. The field screening showed the ten parental genotypes differed significantly 

(P≤0.05) in their reaction to infection by Ralstonia solanacearum and among the seasons 

evaluated. The mean bacterial wilt incidence for the ten genotypes was significantly lower in the 

long rain season at 51.15% compared to the short rain season at 54% in Kirinyaga sick plot. 

Similarly, the severity score was lower at an average of 2.56 for all the genotypes during the long 

rain than the short rain season at 2.70 (scored on a 0 to 5 scale where 0 = no disease symptoms, 5 

= entire plant dead as described by Jeger and Viljanen-Rollinson 2001). Out of the ten-genotype 

evaluated AVTO1424, AVTO1429 and AVTO1314 showed resistance, UC82, Danny and Valoria 

select were moderately resistance, Roma VF, Cal J and Eden select were susceptible and Rio 

Grande had week resistance. The lowest wilt incidence of 11.9%, 12.3%, 13.5% and severity score 

of 0.6, 0.6, and 0.7 was recorded by genotypes AVTO1424, AVTO1429 and AVTO1314, 

respectively in the field. The parental genotypes sourced from World Vegetable Centre had the 

highest level of wilt disease resistance, which were reported by Fufa et al. (2009) and used as 

sources of resistance. Highest wilt incidence of 98.1% and 84.4% and severity score of 4.9 and 4.2 

was recorded in commercial varieties Roma VF and Cal J, respectively in the field. Validation of 

these results in the greenhouse revealed similar findings that genotypes Roma VF and Cal J 

recorded the highest incidence of 73.3 and 70.0% and severity of 3.7 and 3.5, respectively. This 

confirmed the common observation that these two varieties are susceptible and therefore can be 

used as checks in subsequent trials. 

Forty-five F1 hybrids were evaluated for reaction infection by Ralstonia solanacearum in the wilt 

sick plot for two seasons and in the greenhouse. The parental lines were included for comparison. 

Results showed significant differences in wilt incidence and severity among the F1 hybrids. The 

F1 hybrids from the cross between AVTO1429 x AVTO1314 recorded the lowest bacterial wilt 

incidence of 7% and 12% during the long and short rain seasons, respectively. In contrast, highest 

disease incidence of 92.04% and 96% was recorded in F1 hybrids from crosses between Valoria 

select x UC 82 during both seasons, respectively. Bacterial wilt severity score for the 45 F1 hybrids 

ranged from an average of 0.32 recorded by F1 hybrid AVTO1429 x AVTO1314 to 5.34 recorded 

in cross Eden select x Rio Grande during both seasons. All the F1 hybrids from crosses involving 

genotypes AVTO1424, AVTO1429 and AVTO1314 that had the gene for resistance from the 

parent recorded significantly lower wilt incidence and severity index. The results showed that the 
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F1 hybrids from crosses with commercial tomato varieties Rio Grande, Roma VF and Cal J VF as 

one of the parents, recorded significantly higher disease incidence and severity compared to the 

other genotypes at P≤0.05. The observed incidence and severity implied that the results were 

consistent over the two seasons and was validated under the greenhouse conditions. 

Heterosis for bacterial wilt incidence ranged from -37% to 280% with 29 and 31% of the F1 hybrids 

showing a negative heterosis during the long and short rain season, respectively. Similarly, 

heterosis for wilt severity score ranged from -56% to 280% with 29 and 33% of the F1 hybrids 

showing a negative heterosis during the long and short rain season, respectively. F1 hybrid from 

cross AVTO1429 x AVTO131 recorded the lowest percentage heterosis of -56% for wilt severity 

and -50% and -37% for incidence during the long and short rain seasons, respectively. This showed 

that these F1 hybrids with negative heterosis recorded a significantly lower disease incidence and 

severity as compared to the better parent. For example; the F1 hybrid from cross AVTO1429 x 

AVTO131 had significantly lower bacterial wilt incidence of 7% compared to the better parent 

AVTO1314 that had 14%. These findings agree with those of Singh and Asati (2011) who reported 

that maximum negative heterosis of -66.7% over the better parent for bacterial wilt incidence 

percent in the cross FEB-4 x BT-1 17-5-3-1. Similar findings were also reported by Chattopdhyay 

et al. (2012) and Narayan et al., (2018) who suggested that negative heterosis for percentage 

bacterial wilt disease index was desirable. The results in the present study indicated there was 

additive gene effects in crosses between resistant and moderately resistant genotypes which 

resulted to F1 hybrids that were more resistant than the parents. This shows resistance to wilt is 

compounded after crossing parents with QTL conferring resistance genes. Osiru et al. (2001) 

reported that hybridization of parents which are good sources of resistance to bacterial wilt 

followed by selection in segregating population, yields in bred progeny with resistance greater 

than that of the parents. 

The dominance gene effects where the crosses between highly resistant parental genotypes 

AVTO1424, AVTO1429 and AVTO1314 and susceptible parent Roma VF resulted in F1 hybrids 

with higher resistant than the parents. These findings are comparable to those reported by Sharma 

and Sharma, (2015) that the F1 hybrids of the resistant x susceptible crosses, were resistant to wilt 

disease which suggested that resistant to the disease was controlled by dominant gene. This study 

also found the role of additive and dominance components and their interactions in the expression 
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of wilt resistance in tomato which supports the results in the present study. Similar findings on 

additive and dominance inheritance following hybridization were recorded by Costa et al. (2018) 

after studying inheritance of bacterial wilt in tomatoes. Therefore, the results implied that 

genotypes AVTO1424, AVTO1429 and AVTO1314 with gene for resistance to bacterial wilt have 

potential for use by breeders to improve susceptible varieties with desirable traits in a breeding 

program. In addition, F1 hybrids AVTO1429 x AVTO1314 and Roma VF x Valoria select are 

important for consideration in registration as disease resistance varieties to be used by producers   

8.1.3 Generation mean analysis of agronomic traits, fruit yield and bacterial wilt resistance 

in tomato 

A six-parameter model was identified as most suitable for data analysis for P1, P2, F1, F2 and 

backcrosses of the four crosses studied. The crosses were Roma VF x AVTO1424, Roma VF x 

AVTO1429, Roma VF x AVTO1314 and Roma VF x Valoria select. This model was adopted 

because one cross (Roma VF x AVTO1429) showed epistasis and backcrosses were used. The six 

parameters in this model were ḿ (Mean), d̂ (additive effect), ĥ (dominance effect), î (Add. x Add. 

interaction), ĵ (Add. Dom. interaction) and l̂ Dom. x Dom. Interaction. The parents in each cross 

were contrasting for all the traits evaluated. The offspring derived from the cross-combination 

Roma VF x AVTO1429 were earlier flowering and maturing, taller, had higher inter truss spacing, 

number of trusses per plant, total soluble sugars, number of fruits per plant and yield per plant 

compared to the better parent AVTO1429. Earliest maturing offspring was the F₁ hybrid Roma 

VF x AVTO1429 which was the tallest. Offspring with the smallest total soluble sugars were 

backcross F₁ x Roma VF BC₁P₂, followed closely by F₁. Offspring with the smallest yield per 

plant were backcross F₁ x Roma VF BC₁P₁, followed closely by BC₁P₂. Differences among the 

generations for each trait were significant. From the 6-parameter model, the combined gene effects 

(3.6) was higher than the interaction components (2.29) put together. Duration to flowering and 

maturity was controlled by dominance gene effects (2.69**) and the interactions of additive x 

additive effects (5.24**) and dominance x dominance interactions (-4.49**). Similarly, plant 

height was controlled by main gene effects (additive, 4.03** and dominance, 6.82** effects) and 

additive x additive (3.86**) and dominance x dominance interactions (-4.35**). 

The number of fruits per plant was controlled by additive (-4.33**) and dominant (-5.24**) gene 

effects together with interactions from the polygenes, additive x additive (-7.45**) and the 

dominance x dominance (4.29**) effects. Similar findings were documented by Goffar et al., 
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(2016) after crossing a 9 x 9 half diallel in Gazipur, Bangladesh. They recorded that, out of the 

thirteen characters studied including the number of flowers per cluster, individual fruit weight, 

fruit breadth, number of locules and number of seeds per fruit followed the simple additive-

dominance genetic model. Gul et al. (2011) also reported significant adequate additive dominance 

model for plant height and number of fruits per plant. Studies by Tasisa et al. (2017) reported that 

additive-dominance gene interactions were noted in tomato fruit shape index and acidity that can 

be titrated. The reason for the reported additive and dominance gene effects in most traits studied 

was the failure to identify parents with contrasting traits. Evaluation of genetic inheritance in 

Shaanix, China by Thainukul et al. (2017) showed significant gene effects of all plant characters 

that included plant height, number of branches per plant, days to 50% flowering, number of flowers 

per cluster, number of fruits per cluster and average fruit weight. Comparable findings were 

reported in studies conducted by Sun, Xiao-Rong et al. (2019) to determine internode length using 

multi-generation joint analysis of major genes plus the polygene model which concluded that 

internode length is controlled by the major gene and needs early selection in the pedigree selection. 

Results from computation of gene effects revealed significant additive effects in Roma VF x 

AVTO1429 and Roma VF x Valoria select for bacterial wilt resistance trait. Significance of the 

scaling tests observed in all the crosses revealed the presence of epistatic effects for this trait. 

Similar findings were reported by Acharya et al. (2018) that significance of scaling tests in their 

study revealed the involvement of duplicate epistasis for inheritance pattern for tolerance to 

bacterial wilt disease in tomato in India. Results from the scale test with 6-parameter model 

revealed that genes showing additive genetic effects predominantly control genetic resistance to 

bacterial wilt, although there may be some dominance. These findings are similar to those reported 

by da Silva Costa et al. (2018), that inheritance of resistance to Ralstonia solanacearum in tomato 

involves two major genes with segregation independent of additive effects only, plus polygenes 

with additive and dominance effects. ‘Using a three-parameter model, Mualida et al. (2019) 

reported that resistance to bacterial wilt of tomato was largely due to additive gene (d) and 

dominant (h) gene action and additive gene action was the more important.  

8.1.4 Heterosis and combining ability for agronomic traits, fruit yields and yield components 

The results indicated there was significant difference among the genotypes for all the agronomic 

and yield traits evaluated for combining ability. Results further showed mean squares for GCA 

and SCA were significant for the agronomic traits evaluated. Analysis of variance for GCA and 
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SCA effects revealed days to 50% flowering, days to maturity, number of branches per plant, 

number of locules per fruit, number of trusses per plant, total soluble sugars, fruit firmness and 

tomato yield traits were controlled by additive gene action. Non-additive gene action was more 

important for plant height, leaf length, leaf width, leaf area, fruit length, fruit diameter, stem girth 

and 100 seed mass. These findings are comparable to those reported by Gul et al. (2011) and 

Amaefula et al. (2014) who reported predominant role of additive gene action in the control of 

yield traits. Early maturity observed in the hybrids with high x low GCA combination could be 

attributed to interaction between positive allele from good combiner and negative allele in poor 

combiner. The hybrids from crosses with high x high GCA combination for early maturing could 

be attributed to interaction between positive allele from both parents with positive GCA associated 

with additive x additive allele interaction. Variations of SCA and GCA effects indicating the 

former variance being higher than GCA variance implying dominance of non-additive gene action 

for total soluble solids observed in this study were similar to findings reported by Mondal et al. 

(2009). Previous studies in India have reported the significance of additive and non-additive gene 

action in expressing yield and agronomic traits in tomatoes (Tamta et al., 2018; Brajendra et al., 

2012: Rana et al., 2005).  

F1 hybrids AVTO1424 x AVTO1314, Eden select x AVTO1314, AVTO1429 x AVTO1314, Cal 

J x AVTO1314 and UC82 x Valoria select were early maturing compared to the better parents. A 

cross between early x early maturing parents led to generation of early maturing progeny as 

observed in AVTO1424 x AVTO1314 implying additive gene action. In contrast, a cross between 

late and early maturing parents led to generation of early maturing F1 hybrids as observed in Cal J 

x AVTO1314 implying that the early maturing parent exhibited complete dominance over the late 

maturing parent. All the F1 hybrids had more than 100% heterosis for number of trusses per plant. 

Heterosis showed that 11% of F1 hybrids had negative percentage which indicated elongated fruit 

shape while 89% of F1 hybrids had positive heterosis percentage that indicated pronounced fruit 

shape. Similarly, a study conducted by Gul et al. (2011) recorded significant heterosis for the fruit 

length and fruit diameter of 32.7% and 15.5%, respectively. Heterosis for yield showed that 69% 

of F1 hybrids had increased yield per plant compared to the better parents while 31% had reduced 

yields. Heterosis for yield per plant ranged from 114.39% (AVTO1429 x AVTO1314) to -21.83% 

(AVTO1314 x Rio Grande). A cross between parents with higher yield per plant led to generation 

of F1 hybrid with a higher yield per plant as shown by Roma VF x UC82 which implied that 
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additive gene action was dominant in the inheritance of this trait. Kumur et al. (2017) reported that 

crosses P4 x P7, P5 x P7 and P1 x P7 were found to be the best heterotic combiners as they exhibited 

significant heterosis percentage for yield per plant over the standard parent. These high yielding 

F1 hybrids expressed heterosis of 60.80%, 25.80% and 23.13% respectively.  

8.1.5 Processing quality and shelf-life of 5 parental lines and their F1 hybrids 

Results showed storage temperature influenced the fruit firmness. Fruits were most firm 

(50.39Ncm2) when stored at 4°C, followed by storage at 16°C. This implies that tomato remain in 

good condition and are more marketable at 4°C temperature which is an important factor for a 

seller or grower to consider when storing the commodity. Fruits stored at ambient temperature 

(25°C) had the lowest firmness (35.57Ncm2). In general, firmness was negatively correlated with 

storage temperature. The lower the temperature (cold storage, 4°C) the higher the firmness and 

vice versa for the higher temperature. The results revealed that as the storage duration of tomato 

fruits increased from one to five weeks, fruit firmness means reduced significantly in the nine 

tomato genotypes evaluated. Similar findings were recorded by Tran et al. (2017) in Hanoi, 

Vietnam that fruit firmness, fruit mass, colour and total acidity decrease significantly as fruits 

ripens over the two growing regimes and storage. Fruit firmness plays an important role in quality 

assessment especially for fresh market and influences consumer’s decisions. Soft tomato fruits are 

less demanded by consumer because of the mealy texture but desired in processing tomatoes as 

similarly reported by Batu, (2004).  

There was significant decrease in physiological fruit weight across the three-storage temperatures 

of 4, 16 and 25°C, over the five weeks period of the experiment. Temperatures of 4°C had the 

lowest cumulative mean loss in fruit weight over the five weeks storage duration. The lower the 

temperature (cold storage, 4°C) the higher the fruit weight and vice versa for the higher 

temperature. Similar findings were documented by Javanmardi and Kubota (2006) that significant 

loss in weight of tomato fruits across different storage temperature attributed to physiological and 

metabolic processes are higher at higher temperatures. Tigist et al. (2013) also explained these 

phenomena and linked it to respiratory and transpiration processes within the tomato fruits which 

decrease with low temperature resulting in reduced weight loss under cold room storage (4°C).  

There was significant decrease in physiological fruit firmness and weight across the three-storage 

temperatures of 25, 16 and 4°C, over the five weeks period of the experiment. Fruit quality is 
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perceived by consumers through the mechanical feel of the firmness and weight loss after checking 

for the changes in the fruit texture such as shrinkage, wrinkles, and lack of shiny surface which 

occurs with time of storage. Cumulative mean loss in firmness ranged from 49.67Ncm² at 25°C to 

35.57Ncm² at 4°C and fruit weight loss ranged from 212.61g at 25°C to 98.95g at 4°C, over five 

weeks storage. Subjective fruit quality is important indicator used by consumers and processors in 

determining quality of tomatoes especially shelf life as described by Nelson and Alirio (2012). 

Prevailing temperature condition within the storage location affect the duration tomato fruits take 

before losing marketability attributes as detailed by Workneh et al. (2012). Based on these results, 

genotypes AVTO1424, AVTO1424 and F1 hybrids Roma VF x AVTO1429 and Roma VF x 

AVTO1424 are recommend for tomato producers in Kenya because they have a shelf-life of more 

than five weeks at 4, 16 and 25°C storage conditions.  

8.2 Conclusion 

This study was conducted as part of the collaborative demand-led tomato improvement between 

Continental Seed Company and the University of Nairobi. The program which started in 2017, had 

five specific objectives. They were to identify suitable parental lines from new accessions and 

local genotypes for population development, screen F₁ offspring and parental lines resistance to 

bacterial wilt, understand inheritance, heterosis and combining ability for fruit yield and yield 

related traits then evaluate suitability of the 5 genotypes and their F1 hybrids to market and 

establish their shelf life.  

Results showed there was considerable genetic variation for days to 50% flowering, days to 

maturity, chlorophyll concentration, single leaf area, plant height, fruit shape index, number of 

fruits per truss, number of locules, total soluble sugars, number of seeds per gram, weight of 100 

seeds and yield per plant among the study genotypes. The genotypes with desirable traits that 

would be useful in variety development were UC82 for early flowering and maturity. All the 

genotypes except AVTO1429 had determinate trait with short plant which can be grown without 

staking. AVTO1424, AVTO1429 and AVTO1314 had gene for resistance to wilt and long shelf-

life. Valoria select had highest yields and number of seeds and genotype AVTO1314 had highest 

fruit weight. Cal J, AVTO1424, Danny select, UC82 and Rio Grande had oval fruits. Fruit weight, 

fruit length and diameter were positively correlated with fruit yield. The environment had 

significant influence in expression of some traits such as number of days to maturity.  
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Out of the ten-genotype evaluated AVTO1424, AVTO1429 and AVTO1314 showed wilt 

resistance, UC82, Danny and Valoria select were moderately resistance, Roma VF, Cal J and Eden 

select were susceptible and Rio Grande had week resistance. Therefore, sources of bacterial wilt 

resistance were verified and confirmed. F1 hybrid AVTO1429 x AVTO1314 recorded the lowest 

disease incidence, severity, and percentage heterosis. Additive gene effects were observed in 

crosses between highly and medium resistant genotypes such as AVTO1429 and Danny select. 

Dominant gene effects were observed in F1 hybrids from crosses between susceptible Roma VF 

variety and resistant genotype AVTO1424, AVTO1429 and AVTO1314. Highest GCA effects 

were recorded by parental genotype Cal J while the lowest were recorded in AVTO1314, 

AVTO1429 and AVTO1424.  

Out of 45 F1 hybrid evaluated for heterosis and combining ability, 89% had reduced duration to 

50% flowering and 11% for maturity compared to their better parents. Highest heterosis for plant 

height was recorded by AVTO1424 x UC82 and Roma VF x Cal J for total soluble sugar.  All the 

45 F1 hybrids had positive heterosis for number of trusses per plant while AVTO1429 x 

AVTO1314 had 114.39% for fruit yield. Parental genotypes with high or high x low GCA effects 

reflected positive SCA effects for fruit yield and were found to be the best genotypes in developing 

segregating F2 populations for further breeding.  

Significant location, generation differences and location x genotype interactions for all traits 

evaluated were noted across the four-cross combination for generation mean analysis. The six 

generations of each of the four crosses performed better at Kabete compared to Mwea in 2019 for 

traits evaluated. Presence of epistatic effects was indicated by significance of the scaling tests at 

(P<0.01) for all traits except yield per plant in cross Roma VF x AVTO1429. Significant additive 

gene effects for duration to flowering, maturity and yield traits were recorded from genetic analysis 

using 6-parameter model.  Dominance genetic effects were more important for other yield related 

traits. 

Highly significant genotypic and storage temperature differences at (P<0.01) were observed for 

shelf-life traits. Lowest cumulative mean loss in fruit firmness and weight over five-week storage 

duration was recorded at 4oC, followed by 16, and 25°C recorded the highest loss. Genotype 

AVTO1424 recorded the highest fruit firmness and fruit weight, followed by genotype AVTO1429 

at storage temperature of 4°C and storage duration of five weeks. F1 hybrid from parents 
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AVTO1424 and AVTO1429 recorded higher fruit firmness and weight than other hybrids. The 

study indicated that parental line AVTO1424, AVTO1429 and AVTO1314 with resistance to wilt, 

and longer shelf have potential for use with local varieties in demand-led tomato breeding program 

in Kenya.  

8.3 Recommendation 

Further studies are recommended to evaluate the plant materials used in this study in other AEZ 

where tomato can be produced, in greenhouses and with processing industry such as Tru-foods, 

Premier Foods and Heinz. Parental genotypes AVTO1424, AVTO1429 and AVTO1314 are good 

sources of resistance to bacterial wilt hence recommended for use in developing tomato breeding 

programs in Kenya and selecting segregating population such as AVTO1429 x Danny selection.  

F1 hybrids from cross of Eden select x Cal J, Roma VF x AVTO1429, AVTO1429 x Valoria select 

and Cal J x Danny select have potential for use in developing varieties with high yield potential. 

P2, F1 and F2 hybrids and BC₁P2 of cross Roma VF x AVTO1429 had desirable traits and therefore 

recommended for evaluation in other AEZ where tomatoes are grown before registration as a 

variety for growers. Storage of tomatoes under low temperature of 4°C is recommended for longer 

shelf-life and to maintain the quality attributes for fresh and processing tomatoes such as fruit 

weight and firmness.  

Genotypes AVTO1424 and AVTO1419 can be used as parental lines in a breeding programme to 

improve the processing quality attributes and shelf-life. In addition, further study of materials used 

in this study is recommended for other shelf-life attributes and marketability quality such as tomato 

acidity and sugar content. 

8.4 Further work 

More research work is required to confirm the stability of the high performing genotypes across 

various contrasting environment as the study has indicated variation in environments influences 

expression of some traits. More genotypes with desirable agronomic traits, fruit yield and yield 

related traits and trait for resistance to bacterial wilt should be identified and incorporated in a 

tomato improvement breeding programme in Kenya. 
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Appendix 1 

Pearson Correlation for agronomic traits, yield traits, bacterial wilt severity and incidence in ten tomato parental genotypes 
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Bw: Bacterial wilt; c. Listwise N=270; **. Correlation is significant at the 0.01 level (1-tailed). *. Correlation is significant at the 0.05 level (1-tailed). 
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Appendix 2 

Pearson Correlation for agronomic traits, yield and yield related traits in 45F1 hybrids 
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**. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed). c. List-wise N=270 

 

 

 


