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ABSTRACT 

Tomato is one of the most popular vegetables consumed in Ghana.  With the increasing 

demand for tomato on daily basis, there is the need to increase productivity. However, the 

production of tomato in Ghana is limited by harsh climate, drought and inadequate 

knowledge on the use of modern technology such as greenhouse technology. Hence, the 

purpose of the study was to investigate the effect of greenhouse technology on the growth 

and yield of tomato in the transitional zone of Ghana. The experiment was conducted at the 

multipurpose Crop Nursery of the former University of Education, Winneba (now 

AAMUSTED) College of Agriculture Education Mampong Campus from 4th August, 2020 

to 30th November, 2020. The experimental design used for the study was Random Complete 

Block Design. Two treatments made up of greenhouse technology and open field were used. 

Parameters measured included: plant height, number of branches, stem girth, number of 

flowers, number of fruits harvested, harvested fruit weight, matured vertical fruit length and 

diameter and economic analysis. The data collected were analysed using the Student T-test 

using Genstast version 11.1. Results from the study revealed that plant height, number of 

branches and stem girth were significantly higher (P<0.05) among tomato plants grown in 

the open field compared with tomato plants grown under the greenhouse technology.  

Number of harvested fruits, harvested fruit weight, matured vertical fruit length and 

diameter were significantly (P<0.05) highest among tomato plants grown under the 

greenhouse technology as compared with tomato plants grown in the open field. This    

study concludes that greenhouse technology increased the yield of tomato with higher 

economic returns. The study recommends that farmers should adopt greenhouse technology, 

since it gave higher productivity and economic returns. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background to the study 

The tomato (Lycopersicon esculentum), belongs to a family known as Solanaceae, and is 

commercially important throughout the world both for the fresh fruit market and the 

processing industries (Costa & Heuvelink, 2018). It is grown in a wide range of climates in 

the field, under protection in plastic greenhouses and in heated glasshouses (Gruda et al., 

2019). World-wide, it is the most important vegetable.  In Northern Europe, the tomato is 

one of the major greenhouse crops (Soto et al., 2014). 

 

Although cultivated as an annual, tomato grows as a struggling perennial in its original 

habitat in the Western coastal plain of Northern South America (Estabrook, 2012). Tomato, 

is consumed in different ways, including raw, as an ingredient in many dishes and sauces 

and in drinks (Perveen et al., 2015).   

 

The fruit of tomato, classified as a vegetable in trade, is a prominent "protective food" 

(Waheed et al., 2020). In areas where it is eaten, it forms a very important part of human 

food (Sinha & Khare, 2017). Tomato, for example, forms a very important component of 

food consumed in Ghana and this is evident in the fact that many Ghanaian dishes have 

tomatoes as a component ingredient (Addo et al., 2015).   

 

Tomato is a rich source of folate and with phytonutrients, the most abundant in tomatoes 

are the carotenoids, lycopene being the most prominent, followed by beta-carotene and 
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gamma-carotene, phytoene as well as several minor carotenoids (Aggarwal et al., 2016). In 

spite of the modest levels of beta-carotene and gamma-carotene in tomato products, due to 

their pro-vitamin A activity, a high consumption of the vegetable and its products result in 

a rich supply of vitamin A in the body. Lycopene, an antioxidant, purportedly fights the 

free radicals that can interfere with normal cell growth and activity (Boateng et al., 2017). 

These free radicals according to Poprac et al. (2017), can potentially lead to cancer, heart 

disease and premature old age.   

 

These nutritional facts are good reasons to support the tomato industry of Ghana as far as the 

production, storage, processing, distribution and consumption are concerned.   

 

1.2 Problem Statement 

According to Robinson and Kolavalli (2010), the agricultural sector in general and the 

tomato sector in particular have not met their potential in Ghana to meet the increasing 

population demand for tomatoes due to low crop yield compared with potential yield 

resulting in an increase demand for the crop (tomato) supply far below demand (Ntinas et 

al., 2017). 

 

Also, due to the importation of tomatoes and its products into the country to complement the 

production in Ghana, huge amount of money is used for heavy importation of crop in 

various forms leading to loss of foreign exchange (Guodaar, 2015). Again, there is heavy 

post-harvest losses as a result of pests and diseases infestation, inadequate processing and 

storage facilities among other (Chakraborty et al., 2018).  
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More so, the various farming systems should be explored in order to select the one that will 

suit tomato production in order to increase crop yield per unit area, produce quality fruits 

with improved post-harvest shelf life and reduce post-harvest crop spoilage. 

 

1.3 Main objective 

The purpose of the study is to determine the effect of greenhouse and open field 

environment on the growth, yield and post-harvest shelf life after harvesting of tomato fruits 

(Lycopersicon esculentum). 

 

1.4 Specific objectives 

Specific objectives of the study are: 

1. To investigate the sole effect of greenhouse and open field environments on the 

growth of tomato. 

2. To compare the effect of greenhouse and open-field environments on the yield of 

tomato. 

 

1.5 Significance of the Study  

This study will bring to bear important information on the effect of greenhouse and open 

field environments to improve growth condition and increase yield of tomato. The findings 

of this study will also encourage farmers to select the appropriate environment to maximize 

growth and yield of tomato production. Recommendations from this study will help increase 

yield and fruit quality of the crop, improve household income and food security. It will also 
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lead to reduction in rural-urban migration. When tomato is in abundance in the country it 

helps in conservation of foreign exchange through reduction of its importation. It again leads 

to increased consumption of tomato to help improve health and nutrition of farmers. 

 

1.6 Limitations 

The main limitation of this project has something to do with timing and equipment. 

Equipment required to be used in the Greenhouse are very expensive. For instance, the drip-

lines, polytanks, chemicals, thermometers, ventilators are readily inadequate and costly. 

Also, operating in the Greenhouse is time demanding and needs a committed person to be 

successful there. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Origin and Distribution 

Tomato belongs to the Solanaceae family. This family also includes other well-known 

species, such as potato, tobacco, peppers and eggplant (aubergine) (Gebhardt, 2016). The 

natural geographic distribution or centre of origin of Solanum lycopersicum, (S. section 

Lycopersicon) has been localized in the narrow land between the Andes Mountain ranges 

and the Pacific coast of western South America. This extends from southern Ecuador to 

northern Chile, including the Galapagos Islands (Grandillo et al., 2011; Ozturk et al., 2019). 

This is based on the geographic distribution of the native wild ancestors of the genus 

between coordinates 0 º - 20 º S and 64 º -81º W where they grow spontaneously and 

sympatrically (Blanca et al., 2012).   

  

Based on research from the Tomato Genome Consortium 2012, the three wild species most 

closely related to cultivated tomato include the red-fruited species S. pimpinellifolium and 

the orange-fruited species found on the Galapagos Islands, S. galapagense and S. 

cheesmaniae (Strickler et al., 2015).  

 

Mexico is presumed to be the most probable region of domestication, with Peru as the center 

of diversity for wild relatives (Porch et al., 2013). According to Sowley and Damba (2013), 

tomato (Lycopersicon esculentum Mill.) is one of the most important vegetables worldwide. 

World tomato production in 2001 was about 105 million tons of fresh fruit from an 

estimated 3.9 million ha. As it is a relatively short duration crop and gives a high yield, it is 
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economically attractive and the area under cultivation keeps increasing daily (Adepoju, 

2014).  

 

Tomato has its origin in the South American Andes. The cultivated tomato was brought to 

Europe by the Spanish conquistadors in the sixteenth century and later introduced from 

Europe to southern and eastern Asia, Africa and the Middle East. More recently, wild 

tomato has been distributed into other parts of South America and Mexico (Bergougnoux, 

2014).  Common names for the tomato are: tomate (Spain, France), tomat (Indonesia), faan 

ke’e (China), tomati (West Africa), tomat (Nahuatl), jitomate (Mexico), pomodoro (Italy), 

nyanya (Swahili) (Masunga, 2014).  

 

The cultivated tomato, Solanum lycopersicum L., is the world’s most highly consumed 

vegetable due to its status as a basic ingredient in a large variety of raw, cooked or processed 

foods (Bhowmik et al., 2012). Tomato is grown worldwide for local use or as an export 

crop. In 2014, the global area cultivated with tomato was 5 million hectares with a 

production of 171 million tonnes, the major tomato-producing countries being the People’s 

Republic of China (hereafter “China”) and India (Bhowmik et al., 2012). According to 

Welbaum (2015), tomato can be grown in a variety of geographical zones in open fields or 

greenhouses, and the fruit can be harvested by manual or mechanical means. Under certain 

conditions (e.g. rejuvenation pruning, weeding, irrigation, frost protection), this crop plant 

can be perennial or semi-perennial, but commercially it is considered an annual. 
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Although there are many types of growing systems for greenhouse tomatoes, the two 

principal cropping systems are two crops per year and one crop per year. Its importance lies 

not only in profit, but also in the income generated in local economies for farmers and 

agricultural workers (Manandhar et al., 2011). 

 

Protected agriculture is a wide category of production method providing some degree of 

control over various environmental factors. This category includes production technologies 

such as: greenhouses, glasshouses, tunnels and covered fields (Castilla, 2013). Although 

there is no quantitative data about the world’s vegetable production in greenhouses, some 

calculations have been made (Anderson et al., 2016). For example, in 2012, the greenhouse 

vegetable production was about 81 million kilograms (kg), of which 40 million kg was 

tomato, and 37 million kg was cucumber. More specifically, in 2012, the tomato production 

in greenhouses in North America accounted for 52% of the market in Canada and the 22% 

of the market in the United States (Nordey et al., 2017).   

 

Cultivated tomato is related to wild tomatoes originating from Peru, Ecuador and other parts 

of South America including the Galapagos Islands. The centre of its domestication and 

diversification is Mexico (Blanca et al., 2015). Wild relatives of tomato and intermediate 

forms (landraces or creoles) harbour a wealth of genetic diversity and are important sources 

of genetic material in crop improvement and conservation programmes (van Zonneveld et 

al., 2019; van Zonneveld et al., 2020).   
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Tomato is a perennial herbaceous plant but it is often grown as an annual crop even if 

biennial and perennial forms exist. Tomato is cultivated in tropical and temperate climates in 

open field or under greenhouse in temperate climate. Greenhouses are often used for small-

scale production. In warm climate with the right light intensity for growth, around 45 days 

are necessary from germination to vegetative growth and 90-100 days to reach the beginning 

of fruit ripeness (Dixon et al., 2014). The end use of the crop, whether for the processing 

market or fresh market, will determine the cultivars sown, the time of harvest and harvest 

processes, which can be manual or mechanical (Zhang et al., 2016).  

  

2.2 Botanical description of tomato plant  

Tomato plant has vigorous tap root system that grows to a depth of 50 cm or more. The main 

root produces dense lateral and adventitious roots (Fageria and Moreira, 2011). Growth 

habit of the stem ranges between erect and prostrate. It grows to a height of 2-4 m. The stem 

is solid, coarse, hairy and glandular (Abraham and Thomas, 2017).  

 

The leaf is spirally arranged, 15-50 cm long and 10-30 cm wide. Leaflets are ovate to 

oblong, covered with glandular hairs. Small pinnates appear between larger leaflets (Xu and 

Deng, 2017). Inflorescence is clustered and produces 6-12 flowers. Petiole is 3-6 cm. The 

flower is bisexual, regular and 1.5-2 cm in diameter. They grow opposite or between leaves. 

Calyx tube is short and hairy, sepals are persistent. Usually 6 petals up to 1 cm in length, 

yellow and reflexed when mature. 6 stamens, anthers are bright yellow in colour 

surrounding the style with an elongated sterile tip. Ovary is superior and with 2-9 
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compartments. Mostly self- but partly also cross-pollinated. Bees and bumblebees are the 

most important pollinators (Manning, 2018).  

 

The fruit is fleshy berry, globular to oblate in shape and 2-15 cm in diameter. The immature 

fruit is green and hairy. Ripe fruits range from yellow, orange to red. It is usually round, 

smooth or furrowed (Amaefula, 2017). Seeds are numerous, kidney or pear shaped. They are 

hairy, light brown 3-5 mm long and 2-4 mm wide. The embryo is coiled up in the 

endosperm. Approximate weights of 1000 seeds are 2.5 – 3.5 g (Salim, 2017). 

 

The growth habit of the plant varies from indeterminate to determinate and may reach up to 

3 metres (m) in height (Zahedi and Ansari, 2012). The primary root may grow several 

metres in length. The stem is angular and covered by hairy and glandular trichrome that 

confer a characteristic smell. Leaves are alternately arranged on the stem with a 137.5° 

phyllotaxy. Leaves range in shape from lobed to compound, with segments arranged 

pinnately. Compound leaves are typically comprised of five to nine leaflets. Leaflets are 

petiolated and dentated. All leaves are covered by glandular, hairy trichomes (Keller, 2020).   

 

The tomato fruit is globular or ovoid. Botanically, the fruit exhibits all of the common 

characteristics of berries; a simple fleshy fruit that encloses its seed in the pulp. The outer 

skin is a thin and fleshy tissue that comprises the remainder of the fruit wall as well as the 

placenta. The colour of the fruit is derived from the cells within the fleshy tissue (Hari, 

2019).  
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Tomato fruits can be either binocular or multinodular. Between 50 and 200 seeds are located 

inside the locular cavities and are enclosed in gelatinous membranes. On average, the seeds 

are small (5 x 4 x 2 mm) and lentil shaped. The seed contains the embryo and the endosperm 

and is covered by a strong seed coat, called the testa. The development of the fruit takes 

seven to nine weeks after fertilization. The many end uses of tomato fruit, as well as food 

and feed safety considerations, including composition of key food and feed nutrients, anti-

nutrients, allergens, and toxicants, are detailed in the “OECD consensus document on 

compositional considerations for new varieties of tomato” (Khare and Bhale, 2016).  

 

Yellow tomatoes have higher vitamin A content than red tomatoes, but red tomotoes contain 

lycopene, an anti-oxidant that may contribute to protection against carcinogenic substances 

(Chaudhary et al., 2018). 

 

Tomato is an annual plant, which can reach a height of over two meters. In South America, 

however, the same plants can be harvested for several years in succession. The first harvest 

is possible between 45-55 days after flowering, or 90-120 days after sowing. The shape of 

the fruit differs per cultivar. The colour ranges from yellow to red (Deribe et al., 2016).  

 

The tall and bush types are entirely different kinds of crops. The tall varieties are the best 

choice for a long harvest period. They keep growing after flowering. This feature is called 

indeterminate. However, under tropical conditions, diseases and insect attacks will stop 

growth of the tomato plant. The plants generally have more foliage. This will keep the 

temperature lower within the crop and the fruits grow in the shade of the leaves (Bita and 
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Gerats, 2013). Because they are covered, the sun does not damage the fruits and they ripen 

more slowly. Slower ripening and a high leaf/fruit ratio improve the taste of the fruits and in 

particular the sweetness. The tall types have to be staked, caged or trellised (Abdussamee et 

al., 2014).  

 

According to Abdussamee et al. (2014), short types usually support themselves and need no 

staking. Under severe weather conditions such as typhoons, however, staking may be 

advisable. Determinate types stop growing after flowering. They require less labor, so they 

are popular for commercial cultivation. They have a relatively concentrated fruit set which 

lasts only two or three weeks and the fruits ripen much faster than those from indeterminate 

types (Estabrook, 2012). 

 

2.3 General Taxonomy  

The cultivated tomato is a member of the genus Solanum within the family Solanaceae. The 

Solanaceae, commonly known as the nightshade family, also includes other notable 

cultivated plants such as tobacco, chilli pepper, potato and eggplant (Shah et al., 2013).  

 

Tomato classification has been the subject of much discussion and the diversity of the genus 

has led to reassessment of earlier taxonomic treatments. Tomato was originally named 

Solanum lycopersicum by Linnaeus in 1753; lycopersicum (L.) Karsten has also been used 

(Alelign, 2020). Knapp and Peralta (2016) in The Gardener’s Dictionary used Lycopersicon 

esculentum. Lebeda et al. (2014) included nine species in the Lycopersicon genus. For a 

long time, tomatoes were known as L. esculentum, but recent research has shown that they 

University of Education,Winneba http://ir.uew.edu.gh



12 

 

are part of the genus Solanum and are now again broadly referred to as Solanum 

lycopersicum (Seid et al., 2015).   

 

The genus Solanum consists of approximately 1,500 species. The tomato clade (section 

Lycopersicon, formerly recognised as the genus Lycopersicon) includes the cultivated 

tomato (Solanum lycopersicum) and 12 wild relatives, all natives to western South America 

(Grandillo et al., 2011). Tomato (Solanum lycopersicum) is derived from two wild ancestral 

species, Solanum pimpinellifolium and Solanum cerasiforme. Other wild species are useful 

for breeding disease resistance, colour improvement and desirable quality traits (Strickler et 

al., 2015).  

 

The 12 wild members of the Lycopersicum clade demonstrate a high level of phenotypic and 

genetic variation, including a great diversity in mating systems and reproductive biology 

(Jewell et al., 2020). Parrella (2020) recognized 12 species of wild tomato; this was an 

increase on the 9 species of tomato recognized. Within these 12 species, informal species 

groupings were made: 4 closely related green-fruited species – S. arcanum, S. huaylasense, 

S. peruvianum and S. corneliomulleri – were grouped in the S. peruvianum sensu lato (sensu 

lato refers to a broad concept of species). Another group of yellow to orange-fruited species 

contains two species endemics to the Galapagos Islands: S. galapagense and S. cheesmaniae 

(Knapp and Peralta, 2016). 
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2.4 Crop Migration 

Historical records allow the reconstruction of the arrival of tomatoes in the Old World, 

following European contact. The Spanish navigators brought seeds to Europe in the 16th 

century and friars sent some of these to their brothers (Kupperman, 2012).  

 

The tomato first arrived in Andalusia (via the Canary Islands) and was dispersed throughout 

Spain. The Spanish and the Italians were the first to accept this “exotic” fruit (Oakeley et al., 

2015). It was consumed with oil, salt and pepper in Italy. In other European countries 

acceptance was slow and the tomato long remained an ornamental plant because of the fear 

of poisoning or “the curse of the dulcamara” (Oakeley et al., 2015). This belief was 

associated with the toxic, hallucinogenic and aphrodisiac properties of other members of the 

Solanaceae, such as Belladona (Belladona) and Mandragora (Mandragora), which have 

detrimental effects on health caused by some alkaloids (Oakeley et al., 2015). 

 

The first mention of tomato in England was by the botanist Gerard in 1597. A German 

naturalist, first showed engravings of tomato plants present at the Eichstätt Garden in 

Germany. Considering the size of the fruit shown in the engravings, it is assumed that they 

depict plants already domesticated as ornamentals. In 1760, tomato was represented as an 

ornamental in the Andrieux-Vilmorin catalogue in France (Howell, 2010).   

 

Tomato returned to the Americas in the 18th century, according to reports of its cultivation 

in the West Indies and the Caribbean. Tomato was also transported to North America in the 

18th century by European colonists arriving at commercial harbours in New Jersey, the 
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United States (Andreas, 2013). The first written account dates from 1710, when it was 

registered as an ornamental plant by William Salmon. However, it was not trusted as a 

foodstuff in the United States until the beginning of the 20th century because of its 

similarity to certain poisonous fruits (Tarter, 2020). 

 

Knowledge of the tomato’s nutritional importance increased from the end of the 19th 

century to the beginning of the 20th century (Tarter, 2020). The first improved tomatoes 

were developed by Italian breeders in the 17th or early 18th century, who converted the 

small, wrinkled and hard tomato into the red coloured, smooth and juicy varieties known 

today (Hyman, 2019). Starting from these cultivars, the United States began in 1867 the 

production of various cultivars and nine commercial varieties (Early Smooth, The Cook’s 

Favorite, Tildem, Powells Early, FEUE, Large Red, Large Yellow, Tree Tomato Red and 

Yellow Plum) (LeHoullier, 2014).  Tomato is now a cosmopolitan crop with major 

production in temperate regions, even though its origins lay in tropical regions (Kroschel et 

al., 2020). 

 

2.5 Climate and soil  

2.5.1 Temperature and light  

Tomato requires a relatively cool, dry climate for high yield and premium quality. However, 

it is adapted to a wide range of climatic conditions from temperate to hot and humid 

tropical. The optimum temperature for most varieties lies between 21℃ and 24 °C. The 

plants can survive a range of temperatures, but the plant tissues are damaged below 10 °C 

and above 38 °C (Singh et al., 2017).   
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Tomato plants react to temperature variation during the growth cycle, for seed germination, 

seedling growth, flower and fruit formation and fruit quality. If cool or hot weather spells 

persist during flowering, pollen production will be low (Rosbakh et al., 2018). This will 

influence fruit formation. Frost will kill the plants. To avoid frost damage, it is best to wait 

until the winter is definitely over before sowing. It is possible to sow indoors earlier (in pots 

or trays). Light intensity affects the colour of the leaves, fruit set and fruit colour (Borghi et 

al., 2019).  

 

2.5.2 Soil type 

Tomatoes grow well in a variety of soil textures, but commercial growers tend to prefer well 

drained sandy loam soil with high level of organic contents as best suitable for tomato 

cultivation. Soils with high acidity are not suitable for tomato cultivation. Three to four 

grams of suitable lime can be applied in the field in an interval of three years to reduce the 

level of acidity to tolerable limits. There is a need to go for soil testing at the beginning of 

the crop season (Shamshiri et al., 2018). 

 

Sandy soils drain better and warm up more readily than denser soils. Denser soils like loam 

and clay loam may also be used as long as the fields are carefully irrigated and well drained. 

Universally, all soil is prepared prior to planting using a variety of specialty equipment to 

improve the overall quality of the soil by breaking up clods and adding amendments (White, 

2015). 
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2.6 Cultivation of tomato 

2.6.1 Nursery practices 

Viable tomato seeds are nursed and watered with other related nursery activities such as 

thinning out, fertilizer and insecticide application are carried out (Jacobson, 2018).  

 

2.6.2 Field Planting 

When the tomato seedlings are ready for transplanting, they are transferred and planted in 

their permanent fields, thus the Greenhouse and the open field (Yan et al., 2019). 

2.6.3 Agronomic practices 

Cultural activities such as watering, fertigation, insecticide application, weeding, etc are 

carried out (Savvas and Gruda, 2018). 

 

2.6.4 Yield of Harvesting 

The total output (yield) is recorded at the end of project (Dietzenbacher et al., 2013). 

 

2.7 The importance and health benefits of tomatoes  

Globe or slice tomatoes are known as round tomatoes and are mostly used in the preparation 

of dishes and for processing. Beefsteak tomatoes are very large and juicy, have thicker skins, 

shorter shelf life and are kidney-bean shaped, and mostly used for sandwiches and burgers 

(McNamee, 2017).  For tomato paste and sauces, plum varieties are the best type as they 

contain lower water content and high solid contents (O'Shea et al., 2012).  
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Cherry or cocktail tomatoes are used whole and often time used for salads because of their 

sweet taste; they are characteristically small and round (Van Wyk and Wink, 2018). The 

grape type which is slightly smaller than the plum type was recently discovered and is also 

used in salads (Zhu et al., 2018). Pear shaped tomatoes are also sometimes grown. Other 

relevant types are the Campari, Tomberries, Oxheart, and Marzano (Aduhene-Chinbuah, 

2018). 

 

Tomatoes can make people healthier and decrease the risk of conditions such as cancer, 

osteoporosis and cardiovascular disease (Bhowmik et al., 2012). People who eat tomatoes 

regularly have a reduced risk of contracting cancer diseases such as lung, prostate, stomach, 

cervical, breast, oral, colorectal, esophageal, pancreatic, and many other types of cancer 

(Kumar et al., 2012).  

 

Some studies show that tomatoes and garlic should be taken together at the same time to 

have its cancer preventive effects. Lycopene and the newly discovered bioflavonoids in 

tomatoes are responsible as cancer fighting agents (DiMarco-Crook and Xiao, 2015). Not 

only raw tomatoes but also cooked or processed tomato products such as ketchup, sauce, and 

paste, are counted as good sources of cancer prevention (Valderas-Martinez et al, 2016). 

Tomato is also good for liver health. Tomato has detoxification effect in the body. Probably 

it is due to the presence of chlorine and sulfur in tomatoes (Bhowmik et al., 2012).  

 

According to some studies, 51 mg of chlorine and 11 mg of sulfur in 100 grams’ size of 

tomato have a vital role in detoxification. Natural chlorine works in stimulating the liver and 
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its function for filtering and detoxifying body wastes. Sulfur in tomatoes protects the liver 

from cirrhosis (Kumar et al., 2012). Tomato juice is known as good energy drink and for 

rejuvenating the health of patients on dialysis (Adejuwon, 2017).  

 

Herbalists knew that taking tomatoes and tomato products could reduce the risk of 

cardiovascular diseases because of lycopene in it. Tomato prevents hardening of the arteries 

and can therefore reduce high blood pressure. Red ripened tomato is a powerful antioxidant. 

Vitamin E and lycopene in tomato prevents LDL oxidation effectively (Bhowmik et al., 

2012). Bean sprouts, cabbage or barley malt contain vitamin E. Tomato is an excellent fruit 

or vegetable for rapid skin cell replacement. Tomato juice can be used for healing sunburn 

because of its unique vitamin C. Tomato juice can be named as a good sports drink to 

restore fatigue and sleepiness (Adejuwon, 2017). 

 

Tomatoes contribute to a healthy, well-balanced diet. They are rich in minerals, vitamins, 

essential amino acids, sugars and dietary fibres. Tomato contains much vitamin B and C, 

iron and phosphorus. Tomato fruits are consumed fresh in salads or cooked in sauces, soup 

and meat or fish dishes. They can be processed into purées, juices and ketchup. Canned and 

dried tomatoes are economically important processed products (Abolusoro and Abolusoro, 

2017). 

 

The fruit contains a large quantity of water, vitamins and minerals, low amounts of proteins 

and fats, and some carbohydrates. It also contains carotenes, such as lycopene (which gives 

the fruit its predominantly red colour) and beta-Carotene (which gives the fruit its orange 
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colour) (Bhowmik et al., 2012). Modern tomato cultivars produce fruits that contain up to 

3% sugar of fresh fruit weight. It also contains tomatine, an alkaloid with fungicidal 

properties. The concentration of tomatine decreases as the fruit matures and tomatine 

concentration contributes to determining the taxonomy of the species. Thus, it can be useful 

in crop breeding for cultivated tomatoes (Motamedzadegan and Tabarestani, 2011). 

 

Tomato is one of the best studied cultivated dicotyledonous plants at the molecular level and 

has been used as a model species for research into gene mapping, gene characterization (e.g. 

plant pathogen resistance genes) and gene transfer approaches. It is also useful to study other 

plant traits such as fruit ripening, hormone function and vitamin biosynthesis (Ercolano et 

al., 2012).  

 

2.8 Coco Peat 

The coco peat, more correctly called coconut coir, is an organic matter used as a growth 

medium (soil) for propagation. This was made from the pith inside a coconut husk by 

beating and separated it into coconut fiber (Duke, 2018). The coco peat must be rehydrated 

before it can be used as a growing medium. It is naturally anti-fungal, making it an excellent 

choice to start seed. Coco peat is so environmentally friendly that means it is reusable. In a 

comparison of coco peat versus soil, the peat retains much more water and releases it slowly 

to plants roots (Mensah, 2015). The coco fiber is the brick type and mixed with soil to create 

air pores that bring oxygen to plant roots. It must always be moistened well and checked 

frequently to keep up on plant water needs (Blok et al., 2019).  
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Coco peat has numerous benefits among which are: it is organic in nature, raw material is 

easily available, transportation is easy because its light in weight (Chauhan et al., 2019). It is 

beneficial for both the plants and soil microorganism, improves soil fertility, increases soil 

porosity, increasing aeration which is beneficial to the plants. It also has long lasting 

biological effect in soil, etc. (Saba et al., 2014).  

 

2.9 Diseases in Outdoor Production 

2.9.1 Early blight 

Early blight, caused by the fungus Alternaria solani, is also known as Alternaria leaf 

spot or target spot. Like Septoria leaf spot, early blight is common in tomato plantings, 

and the two diseases may attack the same plants. Premature loss of lower leaves is the 

most obvious symptom of the disease (Shahid et al., 2017). Brown to black spots, 

increases with time in diameter with dark edges, appear on lower leaves. Spots 

frequently merge, forming at early stage during the growing season but usually 

progresses most rapidly after plants have set fruit. Cultural and chemical controls for 

early blight are the same as Septoria leaf spot. Resistant varieties of tomatoes in the 

Mountain series (Mountain Supreme, Pride, Gold, Fresh, and Belle) provide partial 

resistance (Singh, 2018). 

 

2.9.2 Anthracnose 

Anthracnose, caused by the fungus Colletotrichum coccodes, is probably the most common 

fruit-attacking disease of tomato. Symptoms first become visible on ripe or ripening fruit as 

small, circular, indented spots in the skin. As these spots expand, they develop dark centers 
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or concentric rings of dark specks, which are the spore-producing bodies of the fungus 

(Gleason and Edmunds, 2015).  

 

Most flowering affected plants die early and produce few, if any, fruits which split open. 

Infected stem reveals brownish streaks extending up and down the stem. These discolored 

streaks are the water-conducting tissue, which becomes plugged during attack by the fungus, 

leading to wilting of the leaves (Pankaj et al., 2020). Control measures for anthracnose are 

the same as for Septoria leaf spot (Gleason and Edmunds, 2015). 

 

2.9.3 Fusarium wilt 

The fungus that causes Fusarium wilt, attacks only certain tomato cultivars. Plants infected 

by this soil-dwelling fungus show leaf yellowing and wilting that progress upward from the 

base of the stem. Initially, only one side of a leaf midrib, one branch, or one side of a plant 

will be affected. The symptoms soon spread to the remainder of the plant. Wilted leaves 

usually drop prematurely (Vethavalli & Sudha, 2012; Luo et al., 2015). Planting disease-free 

seed or transplants in well drained, disease-free soil, practice four-year crop rotation system 

excluding tomatoes to reduce the population of fungi in the soil. Affected plants are 

removed and destroyed. In the Greenhouse and seed beds, infested soils are treated with 

steam before used (Shankar et al., 2014).  

 

2.9.4 Bacterial spot 

Bacterial spot, caused by the bacterium Xanthomonas campestris pv. vesicatoria, infects 

both tomato and pepper. Spots that appear on leaves and stems are small (up to 1⁄8 inch 
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across), circular to irregular in shape, and have a slightly greasy feel (Gleason and Edmunds, 

2015). Unlike similar-sized spots caused by the fungus Septoria lycopersici, those caused by 

the bacterial spot pathogen do not develop grayish brown centers. As lesions enlarge, they 

often become surrounded by a yellow halo.  

 

If spots are numerous, they begin to grow together, and leaves wither and turn brown 

(Narayanasamy, 2011). Fruit symptoms are more distinctive than leaf or stem symptoms. 

Spots on green fruit first appear as black, raised, pimple-like dots surrounded by water-

soaked areas. As the spots enlarge, they become gray-brown and scabby with sunken, pitted 

centers (Srivastava et al., 2014). The bacterium overwinters on the surface of seeds, in 

infected debris, and in soil. It is commonly brought into fields on infected transplants. 

Warm, rainy weather favors rapid spread of bacterial spot (Pankaj et al., 2020). 

Control measure can be by obtaining disease-free transplants since the bacteria can be 

transmitted to seedlings from contaminated seeds. It is advisable to avoid rotating with 

peppers and also avoid handling plants (pruning and tying, for example) any more than is 

necessary, because wounds caused by handling allow bacteria to enter plants. Sprays of a 

fixed copper product can reduce spread of the disease in the garden if applications begin 

when first symptoms appear (Shankar et al., 2014).   

 

2.9.5 Bacterial speck 

This disease, caused by the bacterium Pseudomonas syringae pv. tomato, does not affect 

pepper or other solanaceous crops but may survive on non-host plants.   Tiny dark spots 

appear on leaves, surrounded by yellow halos. However, as with bacterial spot and bacterial 
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canker, the fruit symptoms are most characteristic. The numerous specks that develop on 

young green fruit are slightly raised and have well-defined margins (Pankaj et al., 2020). 

The specks are considerably smaller than the spots caused by bacterial spot, do not penetrate 

the fruit deeply, and can be scraped off with a fingernail (Ruocco et al., 2010).  Although 

bacterial speck seldom reduces yields greatly, it can harm fruit quality. Infection is favored 

by cold (less than 21°C), wet conditions. Epidemics often follow rainstorms that cause 

abrasion of leaves and splash soil onto the foliage (Pouliot, 2018).  

 

2.9.6 Bacterial canker 

Bacterial canker, caused by the bacterium Clavibacter michiganensis subsp. Michiganensis, 

has caused serious losses in some tomato plants in the North Central states in the USA, 

during the last few decades. Young transplants may wilt suddenly (Vallad et al., 2018; Chen 

et al., 2019). On older plants, leaflets begin to turn brown at the edges, then die back 

progressively toward the leaf midrib. Often only one side of a leaflet or a plant develops 

symptoms first, but symptoms eventually spread.   Rarely, cavities may develop within 

stems, sometimes splitting open into brown, longitudinal cankers (Smith, 2012).  

 

Spots on fruit are quite distinctive: white and slightly raised at first, then raised, dark-

colored centers with white halos. These spots are sometimes termed “bird’s-eye” lesions. 

The white halo turns brown as the spot becomes older (Aysan and Horuz, 2015). Control 

measures for bacterial canker are the same as for bacterial speck, except that copper sprays 

have minimal impact on slowing the spread of bacterial canker (Monchiero et al., 2015) 
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2.9.7 Viruses 

The most common viral disease is tomato spotted wilt virus (TSWV), but others can occur. 

TSWV causes distinctive yellow ring spots on mature fruit. Foliage also can be affected; 

plants are usually stunted and tip leaves show a purplish discoloration. Thrips are small 

green-brown insects, spread the virus. Plants can be affected as transplants while growing in 

a greenhouse; after transplanting, stunting and failure to set fruit may be the most noticeable 

symptoms (Pankaj et al., 2020). 

 

Other viruses are spread by aphids or leafhoppers and can cause leaf curling, yellow or 

green mosaic patterns on the leaves, “shoe stringing” of leaves, or a bronzing appearance. 

Fruits also are affected with mosaic patterns, streaking, or mottled areas (Dijkstra and de 

Jager, 2012). Planting only certified virus-free transplants is the best technique for managing 

viruses. It is helpful to verify that the greenhouse used to produce transplants conducts a 

vigorous program to control aphids and thrips (Nicola and Pignata, 2018).  

 

There is no way to “cure” a virus infected plant. However, removing the infected plant as 

soon as symptoms are found can help prevent spread by insects to healthy plants. Many 

viruses that infect tomato also infect peppers and potatoes; so, planting these crops next to 

each other should be avoided. Insect control may also be beneficial in the transplant and 

early-season phases. Consult Insects and Diseases in the Home Vegetable Garden (PM 230) 

for current insecticide recommendations (Gould, 2013).  
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2.10 Diseases in Greenhouse Production 

2.10.1 Gray mold 

Gray mold, caused by the fungus Botrytis cinerea, is a common disease of greenhouse-

grown tomatoes. This disease is characterized by a light-gray fuzzy growth that appears on 

stems and leaves. Soft rot of the stem end of the fruit can also occur. Botrytis infections are 

most severe in greenhouses with moderate temperatures, high humidity, and stagnant air. 

Increasing ventilation and air circulation to reduce humidity levels as well as timely 

fungicide applications are recommended (Mtasa et al., 2014). 

 

2.10.2 Leaf mold 

Leaf mold, caused by the fungus Fulvia fulva, can cause problems in humid greenhouses 

with poor air circulation. This fungal disease appears on lower leaves as yellow spots on the 

upper surface and fuzzy masses of buff-colored spores on the underside. These leaves drop 

prematurely as the disease progresses upward on the plant. Lowering greenhouse humidity, 

planting resistant varieties, and applying fungicide promptly can be helpful in leaf mold 

management (Ruocco et al., 2010). 

 

2.10.3 Powdery mildew 

Powdery mildew, caused by the fungus Oidium neolycopersici, is also common in humid 

greenhouses with poor air movement. Characterized in the early stages by white patches on 

the upper surface of leaves, this disease can cause defoliation as the spots develop into 

brown lesions. Increasing air circulation and spacing between plants will reduce powdery 

mildew problems (Shankar et al., 2010). Fungicide sprays also can be effective if used when 
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symptoms are first noticed. Good control of powdery mildew can be achieved by using 

several fungicides. Fungicides are most effective when sprays begin as soon as the first 

symptoms are noticed, rather than after the disease is already well established (Gessler et al., 

2011). 

 

2.11 Physiological disorder 

2.11.1 Blossom end rot 

Blossom end rot is a very common problem on green and ripe tomatoes. It first appears as a 

sunken, brownish black spot on the blossom end of the fruit. These spots may gradually 

increase in size. Although blossom end rot itself causes only local injury, secondary 

organisms frequently invade (Bartz et al., 2013). Blossom end rot lesion spreads and cause 

complete rotting of the fruit. It often occurs in rapidly developing fruit during periods of hot, 

dry weather and tends to have the greatest impact on the earliest maturing fruit (Wills and 

Golding, 2016). 

 

Blossom end rot is caused by a calcium deficiency that is related to wide fluctuations in 

available moisture. To prevent blossom end rot, maintain a steady rate of plant growth 

without stress. A consistent and ample supply of moisture can reduce the problem by 

helping to maintain a steady flow of calcium from the soil to the fruit (Gleason and 

Edmunds, 2015). Mulching also will help by conserving soil moisture. Blossom end rot is 

more serious where there is excess of nitrogen fertilizer being applied. Staking and pruning 

tomato plants also may increase the incidence of blossom end rot. If blossom end rot occurs 

the affected fruit should be removed so that later-maturing fruit will develop normally. 

University of Education,Winneba http://ir.uew.edu.gh



27 

 

Mulching and avoiding heavy applications of nitrogen fertilizer may help reduce fruit 

cracking (Dreistadt, 2016). 

 

2.11.2 Fruit cracking 

Two types of cracks may develop on tomato fruit. Radial growth cracks radiate from the 

stem, and concentric cracks encircle the fruit, usually on the shoulders. Similar to 

blossom end rot, cracking is associated with rapid fruit development and wide 

fluctuations in water availability to the plant (Cao, 2012).  

 

Fruit that has reached the ripening stage during dry weather may show considerable 

cracking if the dry period is followed by heavy rains and high temperatures. Tomato 

varieties differ considerably in the amount and severity of cracking under climatic 

conditions (Khadivi-Khub, 2015). Supersonic and Jet star are two varieties that show 

relatively low incidence of cracking. As with blossom end rot, mulching and avoiding 

heavy applications of nitrogen fertilizer should help reduce fruit cracking (Gleason and 

Edmunds, 2015). 

 

2.11.3 Cat faced fruit 

Cat facing is a term used to describe misshapen fruit with irregular bulges at the blossom 

end and bands of leathery scar tissue. Cold weather at the time of blossom set distorts and 

kills certain cells that should develop into fruit, resulting in the deformities. The disorder is 

most often observed among first-formed fruit. Catfacing is most common in the large-

fruited “beefsteak” type of tomatoes (Wright, 2020). 
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2.11.4 Sunscald 

Sunscald occurs on green tomato fruit exposed to the sun. The initial symptom is a whitish, 

shiny area that appears blistered. The killed, bleached tissues gradually collapse, forming a 

slightly sunken area that may become pale yellowish and wrinkled as the fruit ripens. The 

killed tissue is quickly invaded by secondary organisms and the fruit decays (Amartey, 

2013). 

 

According to Racsko and Schrader (2012), fruits most subject to sunscald are those that have 

been exposed suddenly to the sun because of pruning, natural spreading of the plant caused 

by a heavy fruit load, or loss of foliage from diseases. The extent of the injury is more 

serious during periods of abnormally high temperatures. To prevent sunscald on tomato 

fruits, foliar disease should be controlled and heavy pruning or shoot removal avoided. 

 

2.11.5 Blotchy ripening 

This physiological disorder is indicated by the absence of normal red pigment on localized 

areas of the fruit. These areas appear as yellow or gray-green patches on otherwise normal-

colored ripening fruit. When these fruits are sliced open, brown discoloration is often 

apparent (Gleason and Edmunds, 2015). 

 

Climatic, nutritional and cultural problems may contribute to blotchy ripening. Low levels 

of potassium in plants and prolonged cloudy periods or inadequate light intensity have been 

associated with the disorder. Other possible contributing factors are high soil moisture, high 

humidity, low temperature, soil compaction and excessive fertilization (Gleason and 
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Edmunds, 2015). These environmental factors can contribute to nutrient deficiencies or 

other imbalances that impede development of red pigment in the fruit. To minimize 

incidence of blotchy ripening, proper cultural practices to maintain nutritional balance and 

plant vigor should be followed. If commercial fertilizers are used, balanced formulations 

should be selected and over-application avoided (Gleason and Edmunds, 2015). 

 

2.11.6 Physiological leaf roll 

Leaf roll occurs when the edges of the leaves roll upward and inward. Sometimes the curling 

continues until the leaf margins from either side touch or overlap. Some leaves on the plant 

may not exhibit rolling. Leaf roll does not reduce plant growth and yield, or fruit quality 

(Rivière et al., 2017). It is believed to result from irregular water supply, and may be 

intensified following pruning. The symptoms are sometimes temporary, disappearing after a 

few days, but can persist throughout the growing season (Chefetz, 2015). 

 

2.11.7 Failure to set fruit 

High summer temperatures can reduce the number of tomato fruit harvested in several ways. 

High day and night temperatures will reduce flower formation on tomato plants. If the night 

temperatures are above 13 °C, flower formation and pollination are reduced. High 

temperatures for several consecutive days, coupled with drought conditions, will lead to 

poor pollination and cause flowers to drop from the plants (Hatfield and Prueger, 2015). Hot 

drying winds may intensify the problem. Plants sometimes drop their flowers when night 

temperatures are lower than 55 °C. The most favorable night range of temperatures for 
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tomato fruit set is between 23 °C and 25 °C. Commercially available blossom-set hormones 

should not be relied upon because they do not give consistent results (Kelley et al., 2010). 

 

2.11.8 Herbicide injury 

This malady is caused by misapplication or drift of 2,4-D, MCPP, and other growth 

regulator herbicides. Tomato plants are highly sensitive to these chemicals throughout the 

growing season (Gleason and Edmunds, 2015). The first symptom is downward curling of 

leaves and tips of growing points. Leaves often become narrow and twisted toward the tip, 

with prominent, light-colored veins. The symptoms are most pronounced on portions of the 

plant that were actively growing when the exposure occurred. In severe cases, stems and 

petioles become thick, stiff, and brittle with warty outgrowths. Affected plants usually 

recover. However, the fruit may become catfaced or develop in a plum shape, and may be 

hollow and seedless (Bethke et al., 2014).  

 

To avoid herbicide injury, spraying when the environment is windy should be avoided. In 

addition, spraying should be done at low pressures, a coarse-spray nozzle should be used 

and applied as close to the ground as possible (Creech et al., 2015). Apply cations other 

pesticides in sprayers that have previously contained herbicide should be avoided because 

traces of herbicide are likely to remain in the sprayer even after thorough rinsing (Creech et 

al., 2015). 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Location of The Project Site 

The experiment was conducted at the Multi-Purpose Nursery of the University of Education 

Winneba (now AAMUSTED), Mampong –Ashanti. Mampong lies at the transitional zone 

between the forest and northern savanna zones of Ghana. Mampong lies at 57.6 km North of 

Kumasi on latitude 07 o 04’ N and longitude 01 o 024’ W of the equator and it is 457.5 m 

above sea level (Ghana Meteorological Agency, 2008). 

 

Mampong has a bimodal rainfall pattern with annual mean rainfall between 1094.4 mm and 

1200 mm and the monthly mean rainfall of about 91.2 mm. The major rainy season occurs 

from March to July whereas the minor rainy season occurs from September to November 

(Ghana Meteorological Agency, 2008). Mampong has a daily temperature of about 30.5 oC. 

The experiment lasted for 12 weeks (84 days) and was started on the 23rd of August, 2019 to 

end on the 23rd of November, 2019. 

 

3.3 Acquisition of Materials and Sources 

(a) Tomato seeds  

Tomato seeds were brought from Accra, Ghana Nirit Seeds LTD. The variety of tomato 

sown was TYTANIUM F1.  

(b) Buckets 

A total of ninety (90) pots were bought from Mampong market on the 21st of August, 2019 

for the purpose of this project as containers. The buckets were perforated at the bottom on 
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the next day each having at least five holes for aeration and draining of excess water. The 

size of holes per bucket was 1 cm.  

(c) Polythene Sheets 

Plain, transparent polythene sheets were also bought from Mampong market on the same 

day. These sheets were spread to cover the soil surface to prevent soil borne diseases from 

entering into the pots. 

(d) Funnels 

Two funnels were bought from the market to be used as improvised rain gauge in the open 

field to calculate for the water difference when it rains.  

(e) Voltic bottles 

Three Voltic bottles of 2 L capacity were also connected together with the funnel to be used 

as improvised rain gauges. 

 

3.4 Experimental designed and treatments  

3.4.1 Layout of experimental plots 

Two experimental lines consisting of forty-five pots each were monitored under the two 

treatments (i.e. Greenhouse and open field environments). Calibration of water drip lines 

were done in both environments on the 29th August, 2019 at 4: 38pm with cut Voltic water 

containers of 2 L.  
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3.5 Cultural practices 

3.5.1 Land preparation 

The land for the project was cleared on the 19th day of August, 2019 with cutlasses and hoes. 

The land was further raked for even soil surface on the next day with rake. 

3.5.2 Nursery 

The seeds were sown in the seedbed at the nursery site in the Greenhouse on the 23rd July, 

2019. The seed nursed was one in a hole. By the eighth day after sowing 95% of the seeds 

had germinated.  

 

3.5.3 Planting 

One seedling or one tomato plant was put in each of the ninety plastic pots as the planting 

number per pot. The pH of the coco peat was around 5.5-6.8.  

 

3.5.4 Transplanting of seedlings 

The tomato seedlings were transplanted on the 23rd of August, 2019 in both the Greenhouse 

and in the open field. 

 

3.5.5 Weed control 

Weeds constitute big nuisance as they compete with the crop for nutrients in the soil and can 

also harbour insects and diseases that cause harm to tomatoes.    
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Weed control was manually done using cutlasses, hoes and hands. The clearing of the land 

was done on the 20th August, 2019 and since Cyperus spp were the common weeds, 

subsequent weeding was carried out on weekly basis till the project was over. 

 

3.5.6 Fertilizer application 

Fertigation chemicals used for this project were calcium nitrate plus mono ammonium 

phosphate mixed and potassium nitrate plus magnesium sulphate. Potassium nitrate, 4 kg to 

magnesium sulphate of 3.2 kg per 1000 litres of water and 3.2 kg of calcium nitrate to mono 

ammonium phosphate of 0.7 kg per 1000 litres of water. 

 

3.5.7 Watering 

The first watering was done on the 23rd August, 2019 immediately the seedlings were 

transplanted to both the Greenhouse and the open field. Watering was done every morning 

and evening through drip lines for twenty (20) minutes at the delivery rate of 90 litres of 

water per irrigation.  

 

3.5.8 Pest and disease control 

Pests and diseases were controlled using Chemaprid 88EC (20ml/8 litres of water) and D-

Lion® Fungi 2020 (Copper hydroxide 77 % WP). Subsequent fumigation was carried out 

every two weeks.  
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3.5.9 Harvesting 

The first harvesting was done on the 10th day of November, 2019 by hand picking and was 

followed by subsequent harvesting for two times for every ten days intervals. 

3.6 Data collection 

Data collection started four weeks after transplanting. Growth measurement was taken once 

in every seven days for five weeks while yield measurement was taken at the time of 

harvest.   

 

3.6.1 Plant Height 

Five plants were picked at random from each treatment plot and tagged. Height of each 

experimental plant in both environments were taken using a meter rule to measure from the 

base of the stem to the apical leaf weekly for five (5) weeks. The average mean height of 

each experimental plant in each pot was taken with respect to treatment.  

 

3.6.2 Number of leaves 

All fully matured leaves were counted. The average mean for each environment was 

calculated. 

 

3.6.3 Number of fruits 

The total number of fruits harvested from each pot was counted and the average mean for 

each environment calculated. 
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3.6.4 Fruit length 

The length of all fresh fruits harvested from each environment was measured using vernier 

caliper and the average mean for fresh fruit for each environment was determined.  

 

3.6.5 Fruit weight 

The weight of each fruit selected from the experimental plots were taken using weighing 

scale. The average mean weight of each experimental fruit on each environment was taken 

with respect to the environment. 

 

3.6.6 Fruit diameter 

The vertical diameter of fruit selected from experimental plant on each environment was 

taken using the vernier caliper. 

 

3.7 Analysis of data 

The data was analyzed with the student T-test and the separation of means carried out using 

the least significant difference (LSD) test. 
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CHAPTER FOUR 

4.0 RESULTS 

4.1 Effects of Greenhouse Technology on Plant Height (cm) 

Figure 4.1 shows the effect of greenhouse technology on tomato plants height. 
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Figure 4.1: Effects of greenhouse technology on plant height (cm) of tomato 

The results revealed in plant height among tomatoes grown under greenhouse and open field 

technology across the period of study (Figure 4.1). The taller plants at 1 week were observed 

from the open field while the greenhouse technology recorded shorter plants. Also, at 3, 5, 7 

and 9 weeks after planting, tomato plants grown in the open field recorded taller plants 

compared to the tomato plants grown under greenhouse technology.  
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4.2 Effects of Greenhouse Technology on Number of Branches  

Figure 4.2 shows the effect of greenhouse technology on the number of branches produced 

over the period of study. Results from the study revealed that number of branches were 

influenced by the greenhouse and open field technologies. 

 

 

Figure 4.2: Effects of greenhouse technology on number of branches of tomato  

 

Number of branches produced at 1, 3, 5, 7 and 9 weeks after planting were higher among 

tomato plants grown in the open field and lower among tomato plants grown under the 

greenhouse technology (Figure 4.2).  
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4.3 Effects of Greenhouse Technology on Stem Girth (cm) 

Figure 4.3 shows the effect of greenhouse technology on tomato stem girth. Results from the 

study show differences among tomatoes stem girth grown under greenhouse and open field 

technology across the period of study. 

 

  

Figure 4.3: Effects of greenhouse technology on stem girth (cm) of Tomato. 

 

Tomatoes grown in the open field recorded the higher stem girth in comparison with tomato 

plant grown under the greenhouse technology at 1, 3, 5 and 7 weeks after planting. 

However, at 9 weeks after planting, tomato plants grown under the greenhouse technology 

recorded the higher stem girth in comparison with tomatoes grown in the open field (Liu et 

al., 2018). 
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4.4 Effects of Greenhouse Technology on Number of Flowers 

Figure 4.4 shows the effect of greenhouse technology on number of flowers produced by the 

tomato plants. Results from the study show that, greenhouse and open field technology had 

effect on the number of flowers produced by the plants. 

 

 

Figure 4.4: Effects of greenhouse technology on number of flowers 

Tomato plants grown under greenhouse technology recorded the higher number of flowers 

in comparison with the open field at 1, 3, 5, 7 and 9 weeks after planting.  

 

4.5 Effects of Greenhouse Technology on Number of Fruits Harvested 

Figure 4.5 shows the effect of greenhouse technology on the number of fruits harvested. 

Results from the study show that, greenhouse and open field technology had effect on 

number of fruits harvested across the days of harvesting. 
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Figure 4.5: Effects of greenhouse technology on number of fruits harvested 

 

The results revealed that, at 1, 2 and 3 days of harvesting, tomato plants grown under the 

greenhouse technology recorded the higher number of fruits in comparison with tomato 

plants grown in the open field.  

 

4.6 Effects of Greenhouse Technology on Harvested Fruit Weight (g)  

Figure 4.6 shows the effect of greenhouse technology on harvested fruit weight. Results 

from the study show that, greenhouse and open field technology had effect on harvested fruit 

weight across the days of harvesting. 
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Figure 4.6: Effects of greenhouse technology on harvested fruit weight(g) 

 

Figure 4.6 shows that, at 1, 2 and 3 days of harvesting, tomato plants grown under the 

Greenhouse technology recorded higher harvested fruit weight in comparison with 

tomato plants grown in the open field. 

 

4.7 Effects of Greenhouse Technology on Number of Mature Vertical Fruit Length 

(cm) 

Figure 4.7 shows the effect of greenhouse technology on mature vertical fruit length. 

Greenhouse technology had effect on the number of matured vertical fruit length.  
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Figure 4.7 Effects of greenhouse technology on number of mature vertical fruit length 

 

Figure 4.7, shown that at 1, 2 and 3 days of harvesting, tomato plants grown under the 

greenhouse technology recorded higher vertical fruit length as compared with tomatoes 

plants grown in the open field. 

 

4.8 Effects of Greenhouse Technology on Mature Vertical Fruit Diameter 

Figure 4.8 shows the effect of greenhouse technology on vertical fruit diameter. Results 

from Figure 4.8 show that, greenhouse and open field technology had effect on the vertical 

fruit diameter. 
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Figure 4.8 Effects of greenhouse technology on mature vertical fruit diameter 

The results revealed that, at 1, 2 and 3 days of harvesting, tomato plants grown under the 

Greenhouse technology recorded higher fruit diameter in comparison with tomatoes plants 

grown in the open field. 

 

4.9 Cost of Production, Income and Profit in Tomato Production 

Tomato production under greenhouse technology had effects on the production cost, income, 

profit generated from the sales of harvested fruits and value – cost ratio. (Figure 4.9 and 

4.10) 
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Figure 4.9 Cost of production, income and profit in tomato production under 

greenhouse and open field technologies  

There was higher cost of production of the tomatoes under the Greenhouse taking into 

consideration the cost of the Greenhouse facility as compared to the open field. However, 

income margin after the sales of the tomato fruits was also higher in the Greenhouse 

technology as compared to the open field due to the adorable nature and the quantities of 

fruits harvested in the Greenhouse technology.  
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4.10 Value- cost ratio (VCR) in Tomato Production  

 

Figure 4.10 Value- cost ratio (VCR) in tomato production under greenhouse and open 

field technologies. 

It is evident from figure 4.10 that the bar for Greenhouse technology on the value cost ratio 

is higher than that of the open field.  
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CHAPTER FIVE 

5.0 DISCUSSION 

5.1 Plant Height 

Variation showed in plant height could be attributed to the abiotic factors such as water 

(moisture), temperature, sunlight, etc. In this study, the average moisture content under the 

open field was higher due to the additional rains tomatoes under open field received as 

against the Greenhouse, hence higher plant height recorded under open field than the 

Greenhouse. Same conclusions were reported by Kinark et al. (2001) who found out at 

higher temperature the plant height grows faster and also the time elapsing between anthesis 

and ripe fruit will be shorter than at lower temperature. Results are in conformity with those 

of Kinark et al. (2001) under open field conditions. In this study, the average temperature 

within the day was higher in the open field which promoted higher production of plant 

growth hormones making the plants to grow more quickly (Tall) as compared to tomato 

plants grown under greenhouse technology 

 

However, results of the study disagree with the findings of Kumar et al. (2007) who reported 

that tomato heights were suitable under greenhouse conditions than in open field. The 

differences in plant height observed in the study could be attributed to the differences in the 

changes of environment. 
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5.2 Number of Branches 

The increase in the number of branches of tomatoes cultivated in the open field as compared 

to the Greenhouse could be attributed to the fact that number of branches per tomato 

increased with additional rains (moisture), light intensity and higher temperature in the open 

fields as reported by Kubota et al. (2018). 

 

The increase in the number of branches of tomato plants cultivated in the open field as 

compared to the Greenhouse technology could be explained that number of branches per 

tomato plants increased with increasing daily temperature in the field as reported by Kubota 

et al. (2018). Again, this could be further explained that in the open field, temperature and 

sunlight values were higher as compared to the greenhouse during the period of study. 

Aduhene-Chinbuah (2018) reported that temperature and sunlight were higher in the open 

field as compared to the greenhouse and this influenced photosynthesis and transpiration 

resulting in the plant producing more branches. Similar findings were reported by Aduhene-

Chinbuah (2018) who observed higher number of tomato branches in the open field as 

compared with tomatoes grown in the greenhouse technology. The differences in number of 

branches observed in this study and other researches could be as a result of prevailing 

environmental conditions as well as nutrients in the soil. 

 

Results are in conformity with those of Eklund (2005) under open field conditions.  

 

However, results of this study contradict with the findings of Odame (2009) who reported 

higher number of branches (stems) in tomatoes grown in greenhouse technology as 
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compared with the open field. The differences in the number of branches observed in the 

study could be attributed to the differences in the change of environment. It is expected that 

tomato plants with higher number of branches should have higher quantities of tomato fruits 

if all things being equal. 

 

5.3 Stem Girth 

The higher stem girth observed among tomatoes grown in the open field could be attributed 

to the higher additional rains (moisture), light intensity and higher temperature (Kinark et 

al., 2001). This could be explained that as moisture and temperature increases, 

photosynthesis as well as evapotranspiration also increases resulting in higher stem 

development. However, thicker stems indicate excessive vegetative growth and are usually 

associated with poor fruit set and low productivity. 

 

5.4 Number of Flowers 

According to Csizinsky (2005) higher temperature and low relative humidity have a 

generative effect on the number of flowers because they make water less available resulting 

in slow growth hence lower number of flowers in open field than in Greenhouse technology. 

However, results of the study contradict with the findings of Kubota et al. (2018) who 

reported higher number of flowers of tomatoes grown in the open field as compared to 

tomatoes grown in the Greenhouse technology. It is expected that tomatoes with the higher 

number of flowers should have higher quantities of tomato fruits, if all things being equal, 

and would have direct impact on the income of the farmer. 
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5.5 Number of Fruits Harvested 

This could be attributed to the fact that, the number of flowers produced were able to 

develop into fruits due to the favourably controlled conditions in the Greenhouse. Results of 

the study are in conformity with those of Bailey (2002) who reported higher number of fruits 

harvested in Greenhouse than in open field. Results of the study also conform with those of 

Csizinsky (2005) who reports temperatures above 27 °C would considerably affect number 

of fruits harvested and it was evident in the open field where temperatures recorded were 

above 27°C. Number of harvested fruits determine the income level of the farmer and in this 

study the farmer of the Greenhouse technology would have higher income than the open 

field farmer. 

 

The higher number of fruits observed among tomato plants grown under the greenhouse 

technology could be attributed to the higher number of flowers produced as reported in this 

study (Figure 4.4). 

 

5.6 Harvested Fruit Weight 

Higher fruit weight observed in tomatoes grown in the Greenhouse technology could be 

attributed to the controlled environment in the Greenhouse as compared to the open field. 

This could be explained that tomatoes require optimum temperatures (not too high or too 

low temperatures) during vegetative stage (Liu et al., 2018). However, results of the study 

contradict with the findings of Adams et al. (2002) who reported higher fruit weight in the 

open field as compared to the Greenhouse technology because of the lower night 

temperatures inside the Greenhouse.  
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Prices of commodities on the market are determined by the size and weight of the 

commodity so from this study, greenhouse tomatoes would have higher prices than the open 

field with respect to the fruit weight and this would increase the income of the Greenhouse 

farmer 

 

5.7 Mature Vertical Fruit Length and Fruit Diameter 

Higher vertical fruit length observed in tomatoes grown in the Greenhouse technology could 

be attributed to the controlled conditions in the Greenhouse as compared to the open field. 

This could be explained that, tomatoes grown in Greenhouse have bigger fruit sizes, hence 

higher vertical fruit length as compared to tomatoes grown in the open field due to the 

controlled nature of the abiotic factors 

 

However, results of the study contradict with the findings of Adams et al. (2002) who 

reported higher vertical fruit length in the open field as compared to the Greenhouse 

technology. The difference in vertical fruit length observed could be attributed to the 

differences in the changes of the environment. 

 

Results of the study confirms the findings of Kinark et al. (2001) who reported higher 

vertical fruit diameter among tomatoes grown in the Greenhouse technology as compared to 

tomatoes grown in the open field. On the average, researches made on the vertical fruit 

diameter under both Greenhouse and open field suggested higher vertical fruit diameter in 

Greenhouse as compared to the open field and could be attributed to the differences in the 

environmental conditions of a place (Marcelis et al., 2002). 
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5.8 Production Cost, Income and Profit 

There was higher cost of production of the tomatoes under the Greenhouse taking into 

consideration the cost of the Greenhouse facility as compared to the open field. Income 

margin after the sales of the tomato fruits was also higher in the Greenhouse technology as 

compared to the open field due to the adorable nature and quantities of fruits harvested in 

the Greenhouse technology.   

 

Results of the study confirms to the findings of Kinark et al. (2001) who reported higher 

income margin among tomatoes grown under controlled conditions as compared to open 

field. 
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CHAPTER SIX 

SUMMARY CONCLUSION AND RECOMMENDATIONS 

6.1 Summary 

It was clear that the open field recorded higher values during the vegetative stage as 

compared to the greenhouse. However, during the reproductive stage the greenhouse rather 

recorded higher values as against the open field. This could be attributed to the controlled 

nature of the greenhouse. 

 

6.2 Conclusion 

1. The study concludes that greenhouse technology increased the yield of tomatoes as 

compared to open field.  

2. Greenhouse is ideal for higher profit as against open field 

3. From an economic point of view, greenhouse technology is preferably ideal for 

higher tomato productivity and profit. 

 

6.3 Recommendations 

1. Farmers should be encouraged to adopt greenhouse technology as it gave higher 

productivity and economic returns. 

2.  Further studies should be conducted to validate the findings of the research. 
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