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ABSTRACT

Strawberry production and consumption is experiencing significant growth in Kenya
and globally due to its increasing use in the food processing industry. The fungus Botrytis
cinerea is a major pathogen causing Grey mould in strawberry and can cause a significant
economic loss of fruits both in the field and in storage. The pathogen is controlled using
synthetic fungicides, but new strains develop resistance very fast making it difficult to
control. Therefore, there is a need for alternative methods of control using biological agents
that are environmentally friendly and not harmful to human beings. This study was designed
to contribute towards improved strawberry production in Kenya through reduced Botrytis
cinerea incidence using Tithonia diversifolia (T. diversifolia) extracts and Trichoderma
asperellum (T. asperellum). Two experiments were conducted at the Horticulture Research
Field, Egerton University. The factorial experiments were laid out in a Randomized
Complete Block Design with three replications. There were two factors i.e T. diversifolia and
T. asperellum. Tithonia diversifolia was applied at four concentrations (OmL/L, 250mL/L,
500mL/L, and 750mL/L) while T. asperellum was applied at three levels (OmL, 40mL and
80mL per 20 liters of water). Data were collected on; growth, Botrytis cinerea incidence and
severity, fruit yield, and fruit quality. T. diversifolia and T. asperellum influenced growth and
yield of strawberry fruits. A Combination of T. diversifolia at 750mL and T. asperellum at
80mL produced the highest number of leaves (58.83) while control produced the least
(43.63). T. diversifolia and T. asperellum influenced Botrytis cinerea incidence and severity
in strawberry fruits. There was a decrease in disease incidence at T. asperellum 80mL and T.
diversifolia 750mL (16.49%) compared to control (85.27%). A combination of T. asperellum
and T.diversifolia reduced disease severity by recording the lowest percent (12.07%)
compared to control (89.04%). Different concentrations of T. diversifolia and T asperellum
had significant p<0.05 effects on strawberry fruit yield where T. diversiofolia at 750 mL and
T. asperellum at 80mL produced the highest yields (199.5g per plant) compared to
control(53.9 g per plant). Total soluble solids was highest in fruits treated with T.
diversiofolia at 750 mL and T. asperellum at 80mL (13.28 brix) compared to control (7.97
brix). Ascorbic acid content was highest in fruits treated with T. diversiofolia at 750 mL and
T. asperellum at 80mL (55.12mg/100g) compared to control (38.75mg/100mg). Based on the
results, T. diversifolia and T. asperellum significantly (p<0.05) influenced disease incidence
and severity, growth and Fruit yield of strawberry. Consequently, T. diversifolia at 750mL

and T. asperellum at 80mL are recommended for use in strawberry production.

Vi
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CHAPTER ONE
INTRODUCTION
1.1 Background Information

Fruits constitute a significant part of human nutrition and are highly recommended for
a health vitamin-rich diet. World wide, more than 675 million metric tons of fruit are
produced every year. Fruit production is one of the major sources of domestic income in
Kenya. In 2014 fruits contributed KES 51.4 billion accounting for 26 percent of the domestic
value of horticultural produce (HCD, 2014).

Strawberry (Fragaria ananassa var duch) is a small soft fruit crop, which belongs to
the family Rosacea and genus Fragaria. The modern cultivated berry Fragaria ananassa is a
hybrid between F. virginia (meadow strawberry) and F. chiloensis (Chilean strawberry)
(Martin & Tepe, 2014). Strawberry is one of the most significant temperate small soft fruit
crops throughout the world. The first reference to strawberries comes from ancient Rome, but
the fruits were likely collected from the wild for curative purposes and as a source of
nourishment long before recorded history (Martin & Tepe, 2014). Commercial production of
strawberry crops through the 19" and 20" centuries increased rapidly as strawberries became
more popular. Tonnes of fresh fruit are consumed every year but there are also chances for
the use of second-grade berries in fruit juice, dried, and processed products. There is also an
increasing interest in the health benefits of strawberries, this factor aids to promote year
round strawberry sales (Davis, 2015). The fleshy fruit of strawberry is classified as an
aggregate fruit (Martin & Tepe, 2014). Strawberries are distinctive with highly desirable taste
as a result of sugars and flavour fiber, potassium, and an excellent source of vitamins,
potassium (Basu et al., 2014). As compared to other berry fruits, strawberries contain a
higher percentage of flavonoids, phenolics, and vitamin C (Hernandez et al., 2016).

Many European nations have been producing large volumes of greenhouse out of
season strawberries. Canada, Spain, and the USA annually plant 9,700, 16,800, and 55,000
ha, respectively (Food and Agriculture Organization of the United Nations, 2008). In the US,
Florida has the largest production hectarage, which in 2008 generated approximately 330
million USD (U.S. Department of Agriculture, 2008) (Table 1).



Table 1 .Worldwide distribution of strawberries 2008 to 2012 (Tons per year)

Position Country Production tons per year
country
2008 2009 2010 2011 2012
1 USA 1148350 1270640 1294180 1312960 1366850
2 Mexico 207485 233041 226657 228900 360426
3 Turkey 261078 291996 299940 302416 353173
4 Spain 281240 266772 275355 262730 289900
5 Egypt 200254 242776 238432 240284 242297
6 S Korea 192296 203772 231803 171519 192140
7 Japan 190700 191400 190700 184700 185000
8 Russia 180000 185000 165000 184000 174000
9 Germany 150854 158563 156911 154418 155828
10 Poland 200723 198907 153410 166159 150151
Total world 4130279 4596586 4352869 4328129 4516810
production

Source: FAO (2012)

In Kenya Strawberry is mainly grown for the domestic market. The main varieties
grown include Aiko, Douglas Chandler, Cambridge favourite among others (HCD, 2014).
The demand for strawberry has been on the increase in recent years. In 2014, the area under
production in Kenya was 100 ha, producing 1,487 MT with a value of KES 144 Million. The
main strawberry producing counties include Taita Taveta, Kiambu, Meru, and Nakuru
accounting for 41, 36, 14, and 8 percent respectively of the total value of strawberries
produced in the country. The potential for increased production of strawberry is huge due to
the ready market in the food processing industry. The major constraints to increased
production of strawberry are pest and disease incidence, limited knowledge on appropriate
agronomic practices among growers, lack of suitable day-neutral varieties, inadequate quality
planting materials (HCD, 2014). Table 2 shows the strawberry production statistics in Kenya.



Table 2. Production of Strawberries by County 2012-2014 in Kenya

County 2012 2013 2014
Value Value Value
Volume . Volume . Volume .
(Million (Million (Million
(MT) (MT) (MT)
KES) KES) KES)
TaitaTaveta 423 46.1 526 58.0 59 22
Kiambu 460 47.0 392 57.1 52 17
Meru - - - - 34 11
Nakuru - - - - 10 3
Murang’a 0 0.2 0.2 1 0.6
Kirinyaga 2 0.2 3 0.2 5 1.5
Total 885 935 921 1155 162 55

Source: HCD (2014)

Botrytis cinerea is considered the main pathogen causing disease in strawberry
(Fragaria x ananassa) production because the fungus can infect leaves, stems, flowers, and
fruits at any stage of development (Guetsky et al., 2011). Infected organs become necrotic,
with intense sporulation, and a gray color, which characterizes the disease (Costa et al.,
2013). Although the fungus can infect all parts of the plant, the damage is more common
during the production phase when the pathogen infects flowers (Costa et al., 2013). The
disease can cause heavy fruit losses on strawberry plants before or after harvest and it is
estimated that 50% fruit loss for untreated strawberries can occur (Petrasch et al., 2019).

Grey mould (B. cinerea) is also a major cause of postharvest losses of strawberry
fruits during storage, transportation, or shipment. Botrytis cinerea infections largely limit the
postharvest life of strawberry fruits. Control of B. cinerea on strawberries can be achieved
with the frequent application of fungicides; however, the resistance of the pathogen to
common fungicides is well known (Cosseboom et al., 2019; Konstantinou et al., 2015).
Fungicide applications can also result in toxic residues on fruits (Kim et al., 2016). Fungicide
impacts have made farmers look for an alternative method of disease control such as
Biological agents.

Biological suppression of plant diseases has been promoted as a means of achieving
improved and sustainable crop production systems that are less reliant on chemical inputs

(Sylla et al., 2015). The presence of fungal diseases in strawberry and its economic



consequences require many fungicides. Modern production of strawberry is striving to
involve biocontrol of diseases and limited chemical usage. For long, trichoderma species
have been known as biological agents for control of plant diseases. Biological control offers
an environmentally friendly approach for managing plant disease and can be incorporated
into cultural and physical control and limited chemical use for effective integrated disease
management (Biljana & Jugoslav, 2012).

Trichoderma asperellum is a species of fungus in the family Hypocreaceae and has
been used in different fields of production and protection in agriculture (Herrera-Para et al.,
2017; Jacometti et al., 2010). No harmful side effects have been reported for Trichoderma
spp. on human or animal health or the environment (Schuster & Schmoll, 2010). Many
commercial strawberry growing companies are using this fungus to produce biological plant
protection products or plant growth promoters. These microbial products work by producing
toxic compounds with a direct antimicrobial activity against pathogens

The toxic compounds include hydrolysing enzymes such as proteases, chitinases,
lipases, esterases glucanase which can degrade cell walls of the pathogens (Xiaoxue et al.,
2013). The Antimicrobial activities could be the result of several secondary metabolites such
as peptaibols, terpenes, polyketides, gliotoxin, and gliovirin produced by fungi (Vinale et al.,
2012). Other metabolites include tricholin, harzianic acid, viridian, gliosoprnins, heptelidic
acid, 6-pentyl-a-pyrone, and massoilactone, which inhibit phytopathogen fungi growth
(Mukherjee et al., 2012). These beneficial microorganisms compete for available resources
with plant pathogens starving them to death. They are nature-friendly hence used to
overcome problems caused by conventional standard chemical methods of plant protection

and are used in organic systems of food production (Kowalska, 2010).

Tithonia diversifolia is a species of flowering plant in the family Asteraceae that is
commonly known as the Mexican sunflower. The plant has high nutrient content and also has
antifungal properties hence has been used for control of various plant pathogens (USDA,
2015). Tithonia extracts have inhibitory effects on the growth of fungal pathogens. Tithonia
diversifolia contains several compounds such as saponins, sesquiterpenes, and alkaloids
which makes it active in inhibiting mycelia growth (John et al., 2013; Tona et al., 2014). It
has been effectively used in controlling fungal diseases such as Fusarium solani, Fusarium

lateritiuma, Curvularialunata (llondu et al., 2014).



1.2 Statement of the Problem

Strawberry is grown worldwide and the area of cultivation is expanding. Botrytis
cinerea (grey mould) is one of the most important pathogens in strawberry production
causing significant pre- and post-harvest loss of fruits because the fungus can develop both in
the field and during the postharvest chain. Grey mould is also a major cause of postharvest
losses of strawberry fruits during storage, transportation or shipment, therefore, limits the
postharvest life of strawberry. Fruit susceptibility to fungal disease increases as ripening
progresses; hence, B. cinerea appears to promote susceptibility in unripe fruit by activating
specific ripening-related processes. Besides hormones, increased oxidative reactions caused
by the pathogen may influence ripening progression. Management of Botrytis cinerea is
based principally on chemical control; however, using fungicides in controlling the Botrytis
cinerea infection might be undesirable as a result of their toxic residues in addition to the
continuous emergence of resistant variants/strains of the pathogen. Control of fungal
pathogens is based on the use of agronomic practices and pesticides, but the widespread
application of chemicals fills the agro-ecosystems with toxic compounds that affect the
natural food chain balance. These residues are harmful to human beings, animals, and the
environment. These chemicals are not readily affordable and this has led to the high cost of
production leading to low income.

1.3 Objectives

1.3.1 General Objective

To contribute towards reduced Botrytis cinerea incidence, improved growth, fruit yield, and
quality, of strawberry (Fragaria ananassa Var duch) in Kenya by using Trichoderma

asperellum and Tithonia diversifolia, which are eco-friendly.
1.3.2 Specific Objectives

i) To determine the effects of different concentrations of Tithonia diversifolia extracts
and Trichoderma asperrellum on growth and fruit yield of strawberry

i) To determine the effects of different concentrations of Tithonia diversifolia extracts
and Trichoderma asperellum on Botrytis cinerea incidence and severity in strawberry

iii) To determine the effects of different concentrations of Tithonia diversifolia extracts

and Trichoderma asperellum on fruit quality of strawberry



1.4 Hypotheses

i) Different concentrations of Tithonia diversifolia extracts and Trichoderma asperellum
have no significant effect on the growth and yield of strawberry.

ii) Different concentrations of Tithonia diversifolia extracts and Trichoderma asperellum
have no significant effect on Botrytis cinerea incidence and severity in strawberry

iii) Different concentrations of Tithonia diversifolia extracts and Trichoderma asperellum

have no significant effect on the quality of strawberry.
1.5 Justification of the Study

In Kenya, strawberry is mainly grown for the domestic market. The demand for
strawberry has been on the increase in recent years. In 2014, the area under production was
100 Ha, producing 1,311 MT with a value of KES 144 Million (HCD, 2014). Strawberry
gardening is an excellent opportunity particularly for the youth in Kenya for self-employment
and livelihood improvement. Strawberries are easy to grow, require minimal land, and thrive
well in a wide range of temperatures ranging from mild to hot hence they can help in poverty
alleviation and rural development in Kenya. Strawberries are rich sources of nutritive
compounds including minerals, vitamins, fatty acids, fibres, and secondary metabolites, as
polyphenols, which are the most diffused and interesting bioactive compounds present in this
fruit (Giampieri et al., 2012).

The main class of strawberry polyphenols are flavonoids, followed by tannins,
flavonols, and phenolic acids: all these compounds show huge biological potentialities in
humans, from antioxidant capacity to anti-inflammatory, anti-hypertensive, and anti-
proliferative abilities (Giampieri et al., 2015). These properties help in the prevention and
improvement of chronic diseases. Botrytis cinerea is one of the most economically important
pathogens of strawberry, which causes a loss of 25% of strawberry fruit yield (Mertely,
2019). The disease is controlled using fungicides, which are harmful to both human beings
and animals. Continuous use of fungicides pollutes the environment hence it is important to
look for cost -effective control measures that have no harmful effect on humans, animal
health, and environment. Trichoderma asperellum and Tithonia diversifolia if proven
effective will reduce the Botrytis cinerea leading to increased yield and shelf life hence more

income to farmers.



CHAPTER TWO
LITERATURE REVIEW
2.1 Botany of Strawberry

The strawberry crop (Fragaria x ananassa) is considered an important commodity
worldwide (Banaeian et al., 2011). Strawberry is a small herbaceous perennial plant, which
can be grown as an annual or perennial crop under commercial cultivation. Strawberry plants
consist of a crown (shortened stem) from which leaves, roots, flowers, and runners grow. The
crown is very important for the survival of the plant due to its ability to store reserves for
plant growth after chilling dormancy. Strawberry plants can consist of a single crown or can
exist as double or multiple crowned plants depending on age and stage of development.
Freshly planted runners normally consist of a single crown, while 2 to 3 year old plants
develop multiple crowns consisting of both auxiliary and branch crowns. Branch crowns do
not have their root system but allow the plant to expand in width (Rubinstein, 2015).

Strawberry leaves are trifoliate and normally last for about 1 to 3 months. During
growth, the crown elongates and produces new leaves. The buds in the axils can give rise to
runners for the production of new plants, in some instances; strawberry can form secondary
crowns as the plant matures (Martin & Tepe, 2014). Strawberry flowers are produced on a
modified stem, which is terminated by the primary flower. Further stems can rise from the
main stem to produce secondary flowers from which tertiary flowers arise (Rubinstein, 2015)
According to Hancock (2013), following the primary flower there are typically two
secondary, four tertiaries, and eight quaternaries. This results in a highly branched flower
stem or truss structure. These flowers open in succession. Therefore, if the environmental
conditions are ideal and pollination occurs a successive fruit harvest can be obtained from
each flower truss (Davis, 2015).

The strawberry is an aggregate fruit composed of numerous ovaries each with a single
ovule. The resulting seeds are called achene’s and are the true fruits of strawberry. The
embryo consists of two large semi -elliptical cotyledons, which contain protein and fat but no
starch. The receptacle is composed of an epidermal layer, cortex, and pith. The latter two
layers are separated by vascular bundles that supply nutrients to the developing embryos
(Hancock, 2013). The development of the fruit depends on the maintenance of a hormonal
balance during achene maturation. Any interruption of that balance, incomplete fertilization,

or death of the achene’s from any on several of pathogenic or non-pathogenic causes (for



example. infertile pollen frost injury insect attack or pathogenic fungal attack of flowers
parts) results in malformed fruit (Davis, 2015).

Strawberry grows fast (two to three months) and is highly influenced by
environmental conditions, such as light, salinity, water quality, temperature, and nutrients (Li
et al., 2010). Due to its fast development, the crop needs sufficient absorption of
macronutrients in order to meet the photosynthetic demand and adequate fruit growth (Li et
al., 2010).

Figure 1.Strawberry fruits

2.2 Nutritive Value and Health Benefits of Strawberry

Strawberries are nourishing fruits with putative health benefits, because of their rich
nutrient content, unique colour, flavour, and taste (Mahmood et al., 2012). They are widely
eaten fresh or consumed in processed forms combined with dairy products. Fruits and
vegetables are the main sources of minerals and vitamins, which are very important for
human health (Giampieri et al., 2012). Epidemiological researchers have shown that people
who consume diets rich in vegetables and fruits have fewer incidences of chronic diseases
such as cardiovascular, neurological disorder, cancer, infections, and diabetes (Vauzour et al.,
2010). Strawberries are a natural source of micronutrients such as minerals, folates,
phytonutrients, and vitamin C (Basu et al., 2014) .Strawberries, are mainly available in fresh
or frozen forms, however, in in many countries they are also commercially available as
processed products, such as nectar, jams, puree, and juices. In some cases, they are also used
as the main berry ingredient in cuisine (Klopotek et al., 2015). Nutrition is not the only health



benefits in strawberry, other benefits includes ant proliferative, antihypertensive, anti-

inflammatory, anti-hyperlipidaemia and antioxidant effects.

2.3 Environmental Requirement of Strawberry

The plant thrives on loam, well-drained soils with a pH of 5.5-6.5. Temperature
requirements are in the range of 10 to 30°C and an average rainfall of 900 to 1200 mm
(Kasperbauer, 2010). However, in places where this is not attainable then 25mm per week or
irrigation is necessary (Kasperbauer, 2010). Though production can take place in different
areas, the ideal altitude is from 1500m-2200m above sea level (Martinez-Ferri, 2016)
2.4 Constrains of Growing Strawberries

Chandler variety is the main variety grown in Kenya. It originated from the United
States of America (FAO STAT, 2014). Strawberries from Kenya are mainly exported to
countries such as Germany, Holland, United Kingdom, Middle East, Saudi Arabia, and
France. There are relatively few Kenyan based studies on the production of strawberries,
although reports show production has been declining from 2014 to 2016 (FAOSTAT, 2018),
partly due to water scarcity, pests, disease, high cost of inorganic fertilizers and lack of

knowledge on appropriate planting materials and management practices.

2.5 Grey Mould caused by Botrytis cinerea

Botrytis cinerea is a typical high-risk neurotropic parasitic fungus, responsible for
grey mould, one of the most important plant diseases in strawberry production, which causes
losses on plants and fruits. The fungus has a broad host range and can infect over 1000 plant
species (Fillinger & Elad, 2016). The disease can cause extensive fruit losses on strawberry
plants before or after harvest worldwide and it is estimated that it can cause yield losses of up
to 25% for untreated strawberries (Williamson et al., 2007). Grey mould is also a major cause
of postharvest losses of strawberry fruits during storage and transportation. In strawberry, the
fungus can attack flowers, fruits, and leaves as well (Carisse, 2016). Infection in the flower,
remain quiescent until fruits mature, and then develop abundantly, causing fruit decay
accompanied by profuse sporulation of the pathogen (Haidar et al., 2016).

Botrytis cinerea is a high-risk plant pathogen due to its high genetic variability, short
life cycle, and prolific reproduction (Angelini et al., 2016; Elad et al., 2016). These
characteristics also favour the development of fungicide resistance, which reduces the
efficacy of specific synthetic fungicides. Resistance phenomena by Botrytis cinerea have
been analysed in numerous studies on different crops (Fillinger & Walker, 2016; Walker et

al., 2013).Control of Botrytis cinerea on strawberries can be achieved with the frequent
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application of fungicide. However, resistance of the pathogen to common fungicides is well
known (Hahn, 2014)

Fungicide application can lead to toxic residues on the fruits (Wedge et al., 2013).
Depending on the time of application, fungicides may reduce pollination and cause
malformed fruits due to the time of application (Ruby et al., 2017). The sources of grey
mould are mycelia in dead strawberry leaves, mummified strawberry fruits, and straw mulch,
and weed (Garrido et al., 2011). Biological methods can be developed as an alternative to
chemical fungicides for fruit rot control (Jacometti et al., 2010). Leaves and flowers at the
bud stage are highly susceptible to infection by gray mould; therefore, the beneficial

microorganism should be used in the early time of the growing season.

Figure 2. Botrytis cinerea symptoms in strawberry fruits
Source: Haidar et al. (2016)

2.6 Chemical Control of Gray Mold (Botrytis cinerea) in Strawberry

The control of this pathogen remains a challenge and is still based on multiple
applications of fungicides. Chemical control is effective and efficient but, at the same time,
can lead to the development of chemical residue in fruits, pathogen resistance, phytotoxicity
to other organisms or environmental and public health problems (Cosseboom et al., 2019 ).
To minimize these factors and to comply with food safety standards, there is an increased
interest in bio-ecology studies of this pathogen and a worldwide trend to explore new

alternatives to synthetic fungicides.
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2.7 Biological Control of Grey Mould (Botrytis cinerea) in Strawberry

The difficulty in controlling Botrytis cinerea has necessitated the search to find
alternative methods, which include biological control (Nicot et al., 2016). Biological control
is an alternative to reduce botrytis infections and is successful in many other crops (Nicot et
al., 2016). Currently, several bio control agents have been recognized and are available as
bacterial agents, for example, Pseudomas, Bacillus, and Agrobacterinum, and as fungal
agents such as Aspergillus, Gliocladium, Trichoderma, Ampelomyces, Candida, and
Coniothyrium (Sylla et al., 2015). Strawberry flowers are important sites of primary B.
cinerea infections. After the establishment of infections, the pathogen remains quiescent until
harvest. Postharvest control of previously established B. cinerea infections through biological
controls is considered limited. For this reason, it is crucial to prevent infections of B. cinerea
during flowering (Droby & Lichter, 2014; Ippolito & Nigro, 2016). This was confirmed by
Lima et al. (2013), who found the high activity of A. pullulans and Candida oleophila against
B. cinerea during storage when biological control agents were applied during flowering,
whereas only low biological control agents activity was observed when biological control
agents were applied immediately before harvest.

Among these biocontrol agents Trichoderma spp. is one of the most versatile
biocontrol agents which has long been used for managing plant pathogenic fungi. A previous
study found that seed rot, damping-off and root rot of sunflower and mug bean both caused
by Sclerotium rolfsii can be prevented while at the same time plant growth is enhanced when
plants are treated with the conidial suspensions of Trichoderma spp. (Contreras et al ., 2016).
In addition, the pathogenic fungal growth of Ganoderma is inhibited by T. harzianumand T.
virens (Naher et al., 2012).

Trichoderma species have been identified as potential bio control agents of many
plant pathogenic fungi (Herrera-Parra et al., 2017). Trichoderma harzianumis one of the most
studied members within this genus as a biological control agent against an array of plant
pathogenic fungi, including B. cinerea (Chen et al., 2016). Recent studies have shown that T.
asperellum is effective and promising bio control agent in the control of several soil-borne
fungi, such as Phytophthora drechsleri (Hassan et al., 2020), Phytophthora capsici (Kim &
Knudsen 2013) and Fusarium oxysporum (Ommati & Zaker, 2012). The antagonism of
Trichoderma spp. to Fusarium solani and other soil-borne has been reported (Chen et al.,

2016). Trichoderma harzianum and T. viride have shown prospects in the control of soil-
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borne pathogens. For many years, Trichoderma isolates have been used in different fields of
production and protection in agriculture (Bendahamane et al., 2012). Trichoderma spp. has
no known harmful effects on human or animal health or the environment (Schuster &
Schmoll, 2010). Many companies use these fungi to produce biological plant protection
products or plant growth promoters (Kowalska, 2011).
2.8 Use of Trichoderma asperrellum in Grey Mould (Botrytis cinerea) Control in
Strawberry

Biological control involving Trichoderma spp. operates by way of mycoparasitism,
antibiosis, and competition. Antagonistic abilities of Trichoderma spp. are a combination of
several mechanisms including direct mycoparasitism, which involves the production of cell-
wall degrading enzymes (Qualhato et al., 2013). Trichoderma spp. secrete cell wall degrading
enzymes like chitinases and volatile and non- volatile compounds that enter the cell in the
form of signal and triggers secondary messengers and altering the metabolic pathway of the
pathogen (Komy et al., 2015). Most Trichoderma strains produce volatile (Mukherjee et al.,
2012) and non-volatile toxic secondary metabolites, among this production of harzianic acid,
alamethicins, tricholin, peptaibols, antibiotics, 6-penthyl-a-pyrone, massoilactone, viridin,
gliovirin, glisoprenins, heptelidic acid, and others have been described (Vinale et al., 2012).
They are frequently associated with bio control activity and the promotion of plant and root
growth (Saba et al., 2012).

Trichoderma spp. is a fungus present in nearly all agricultural soils (Zhang et al.,
2013). It has been demonstrated that Trichoderma strains can survive in the aerial part of the
plants for long periods (Perello et al., 2013) and can act as antagonists of foliar fungal
pathogens in a wide range of crops (Elad, 2016). Some authors have reported that biological
control is a promising strategy for managing. Fusarium wilt pathogen of tomato (Perello et
al., 2009). Trichoderma spp. are bio control agents effective against fungal phytopathogens.
They can act indirectly, by competing for nutrients and space, modifying environmental
conditions, or promoting plant growth and plant defensive mechanisms and antibiosis, or
directly, by mechanisms such as mycoparasitism (Vinale et al., 2012).

Trichoderma asperellum inoculum when used as a substrate in strawberry, the
incidence, and severity of Phytophtora cactorum and Verticilium dahliae septoria is reduced
(Martinez et al., 2009). The same activity has been reported for alternalia disease in tomato
when other beneficial leaf colonizing organisms like Cryptococcus laurentii, Candida tenuis,

C. oleophila and Pseudomonas putida are used (Segarra et al., 2013). The treated plants may
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produce natural substances, which induce defence reaction against pathogen infection and
help the host plant to take up more nutrients from the soil. Production of natural substances,
which induce plant defence, has been described for Pythium oligandrum. Pythium
oligandrum induces defence reaction in a plant by phytohormones stimulation, which is
involved in the resistance mechanisms against the pathogen (Komy et al., 2015).

2.9 Botanical Control of Grey Mould (Botrytis cinerea) in Strawberry

Plant extracts of many higher plants have been reported to exhibit antibacterial,
antifungal, and insecticidal properties under laboratories and field trials (Decorato et al.,
2017). Plant metabolites and plant-based pesticides provide better alternatives as they are
known to have minimal environmental impact and danger to consumers in contrast to the
synthetic pesticides (Tamuli, 2014). The antimicrobial properties of plant extracts from
various species have proven to affect fungal development in vitro and in vivo (Bhutia et al.,
2015). Spore formation and germination, mycelia growth, and infection can sometimes be
stimulated or inhibited by plant extracts (Decorato et al., 2017).

Among alternative methods of grey mould control, the use of plant extracts is
characterised by lack of toxicity for humans and environment, biodegradable activity
selectivity, and a great variety of chemical composition, with a large variety of secondary
metabolites (Choudhury et al., 2018). Plants extracts of the following crops, S. hortensis, A.
sativum, H. officinalis); were found to be effective in controlling Botrytis cinerea in
blackcurrant crop (Sesan et al., 2015). According to Senhaji et al. (2014) A. imbricatus and
P. mauritanica extracts were able to control Botrytis cinerea in tomato.

2.9.1 Mexican Sunflower (Tithonia diversifolia)

Tithonia, commonly known as Mexican sunflower is an invasive, perennial weed,
growing aggressively along road paths, abandoned farmlands, and hedges (Dahunsi et al.,
2017). Tithonia is a shrub and belongs to the family Asteraceae. Tithonia originated from
Mexico and it is now widely distributed throughout the humid and sub-humid tropics in
Central and South America, Asia and Africa Tithonia is well established in Kenya (Jamal et
al., 2000).

The reported uses of tithonia include as a fodder (Chagas et al., 2012), animal feed
(Obua et al., 2012), fuel wood compost, land demarcation, soil erosion control, building
materials and shelter for poultry (Shackleton et al., 2019). Besides addition, extracts from
tithonia plant parts reportedly protect crops from termites contain chemicals that control
insects diseases, and nematodes (Njenga et al., 2019). Extracts of Tithonia also have

medicinal value for the treatment of hepatitis and control of amoebic dysentery (Tagne et al.,
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2018). Tithonia is being used as a source of nutrients for crops in countries such as Malawi,
Zimbabwe, Kenya, and Nigeria (Adeniyan et al., 2008; Ajao et al., 2017). Liasu and Atayese
(2006) found that soil under Tithonia had higher pH, porosity, moisture content, N, P, K, Ca,
mycorrhizal fungi spores, earthworm casts, and lowers bulk density compared with bare soil.

Figure 3. Tithonia diversifolia plant

Source: Dahunsi et al. (2017)

2.9.2 Mineral Nutrient content of Tithonia

According to Hafifah et al. (2016) the quantity of nutrients found in tithonia is
significantly higher than those found in synthetic fertilizers. T. diversifolia plays an important
role in crops nutrition and control due to its biofertilising (Kandungu et al., 2013).The
moisture content of tithonia leaves is estimated to be 84%. Before the plant flowers, Tithonia
leaves on average contain the following nutrients: Nitrogen (N) 3.17%, Phosphorus (P) 0.3%,
Potassium (K) 4.1%, Calcium (Ca) 2.0%, Magnesium (Mg) 0.3% (Hafifah et al., 2016).
Olabode et al. (2007) also reported, chemical properties of Tithonia diversifolia as follows:
organic matter, N, P, K, Ca, Mg, C, and C/N 24.04%, 1.76%, 0.82%, 3.92%, 3.07%, 0.005%,
14.00%, and 8:1, respectively.

2.9.3 Antifungal Properties of Tithonia diversifolia

Studies have shown the effectiveness of plant extracts in controlling plant diseases in
the field. Tithonia diversifolia has been used widely because it has antifungal and anti-
bacteria properties and has shown a broad spectrum due to the presence of antimicrobial
compounds (Ogunfolakan, 2010). A study conducted by Kereru et al. (2010) showed that
extracts made from Tithonia diversifolia were able to control Fusarium oxysporum. The

inhibitory effects of Tithonia diversifolia was explained by Agboola et al. (2016) who
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reported that Tithonia was able to inhibit mycelial growth of fungal pathogens such as C.
lunatus, F. lateritium, and F. solani. The ability of Tithonia to control fungal pathogens in
plants is due to prescene Thithoniaquinone A and tithoniamide B, psoralen, and Iquebrachitol
which are fungicidal and antibactrial.

Extracts from several Asteraceae as well as Tithonia. diversifolia, were effective in
inhibiting of the mycelia growth of Trichophyton mentagrophytes and F. oxysporium
(Agboola et al., 2016). Several studies exhibited the efficiency of plant extracts in controlling
plant diseases in the field. Jimoh et al. (2016) reported that Cercospora leaf spot disease of
sesame (Sesanum indicum L.) was controlled with plant extracts including extract of Tithonia
diversifolia. Field evaluation of leaf extracts of some Asteraceae especially Tithonia
diversifolia were effective in the control of leaf spot disease of sweet potatoe. Jimoh et al.
(2016) reported that Cercospora leaf spot disease of sesame (Sesanum indicum L.) was
controlled by using plant extracts including Tithonia diversifolia. Field evaluation of leaf
extracts of some Asteraceae especially Tithonia diversifolia were effective in the control of
leaf spot disease of sweet potatoes in Abraka (llondu et al., 2014).

According to llondu et al. (2014), Tithonia diversifolia was found to have more than
10 compounds with antifungal properties and inhibited mycelial growth of fungal pathogens.
Tithonia diversifolia leaves are used for the treatment of various diseases including skin
diseases and possess many chemical components (Omokhua et al., 2018). These antifungal
properties help in controlling Botrytis cinerea in strawberry. Several reports also indicate that
Tithonia diversifolia controls fungal diseases in many plants as shown in the table below
(Linthoingambi et al., 2013).
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Table 3. Antifungal properties of Tithonia diversifolia

Fungal species

Source of isolation

Type of infection

Alternaria alternate
AlternariasolaniSorauer
Aspergillus flavus
Aspergillus niger
Curvularia lunata
Drechslera oryzae
Fusarium oxysporum
Penicillium expansum
Penicillium italicum

Trichoderma viride

French bean leaf
Potato leave
Groundnut seed
Groundnut seed
Rice grain

Rice grain
Tomato root
Apple fruit
Lemon fruit

Field soil

Leaf spot disease

Early blight disease
Aflatoxin contamination
Black mould disease
Grain discoloration
Brown spot disease
Wilt disease

Soft rot

Blue mould rot

Bio control agent

Source: Linthoingambe et al. (2013)
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Experimental Site

The study was carried out at the Horticulture Research and Teaching Field, Egerton
University, Njoro. The field lies at a latitude of 0°23’South, longitudes 35° 35’East in the
Lower Highland Il Agro-Ecological (LH3) at an altitude of approximately 2,238 meters
above sea level. Average maximum and minimum temperature range from 19°C to 22°C and
5°C to 8°C respectively, with a mean annual rainfall of 1000 mm. The soils are
predominately vitric mollicandosols (Jaetzold et al., 2006).

3.2 Materials and Lab Equipment

Disease-free strawberry (Fragariax ananassa var duch) splits were obtained from a
farmer in Thika. Trichoderma asperrellum was obtained from Real IPM Company (Thika)

while Tithonia diversifolia was obtained from farms in Murang’a.

Equipment which were used during the experiment were electronic balances (model:
Hangping JA 2003), incubators, sprayers, Petri dishes, refractometer (RHW Refractometer,
Optoelectronic Technology Company Ltd. UK), measuring cylinders and farming tools were

obtained from Horticulture Research and Teaching Field laboratory.
3.3 Preparation of Pathogen Inoculum

Botrytis cinerea was isolated from infected strawberry leaflets discs. The infected leaf
discs were cut into small pieces (1cm®) and surface sterilized using 70% ethanol for two
minutes. The infected leaf discs were rinsed several times in distilled sterilized water and
dried using sterile filter papers. After rinsing, the leaf discs were placed in Petri dishes
containing potato dextrose agar (PDA) with 100 mg/L streptomycin for culturing at 24-30 °C
for 10-14 days, under a 12:8 h (light: dark) photo regime. The developing mycelia were
transferred to fresh PDA medium for two weeks. The pathogen was identified using spore
morphology. Conidia suspension of the fungus was prepared by flooding the two-week
sporulation culture with one litre sterilized distilled water containing one drop of Tween 20
(Fisher Scientific, Pittsburg, PA), (Janisiewiez, 1998). Conidia suspensions were then filtered
through a sterile cheesecloth. Dilutions were adjusted to 1x10* spores per mL through serial

dilutions.
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3.4 Artificial Inoculation

All experiments were conducted under artificial inoculation in the field where Botrytis
cinerea conidia suspension (1x10 “ conidia per mL) was sprayed on each plant leaf until
runoff four weeks after planting. The open flowers were inoculated with 1x10 # conidia per
mL. Plants were sprayed 3 times, at an interval of 3 days. The inoculation was done late in
the evening to prevent moisture loss. Samples of the infected plant parts were cultured, and
the pathogen was isolated to confirm the presence of Botrytis cinerea.

3.5 Preparation of Materials of Tithonia diversifolia Extract and Trichoderma
asperellum

Tithonia diversifolia biomass was obtained by cutting the foliage above the ground,
which was then be cut into small pieces. Twenty kilograms of the cut foliage was mixed with
200 liters of distilled water to maintain the required ratio of leaf tea 1:10 (Altierri et al., 1986;
KATC & SCC, 2007). The mixture was stored in 200-liter plastic container which was
covered using sisal sack to reduce volatilization. The container was held then under room
temperature throughout the storage time.

The mixture was agitated once a day for three weeks to provide a sufficient aerobic
environment. After incubation, the mixture was sieved using a white cloth and the filtrate was
ready for application. Tithonia was applied at four concentrations; OmL, 250mL, 500mL and
750mL per liter of water. Trichoderma asperrelum was obtained from Real IPM Company
and the (Trade name: Real Trichoderma). Trichoderma asperellum was applied using a 20
liters backpack sprayer at three concentrations; OmL, 40mL, and 80mL per 20 litres of
chlorinated clean tap water.

3.6 Experimental Design and Treatment Application

The study was carried out as a factorial experiment in a Randomized Complete Block
Design (RCBD) with 3 replications. There were two factors Tithonia diversifolia and
Trichoderma asperellum. Tithonia diversifolia was applied at four concentrations (OmL/L,
250mL/L, 500mL/L, and 750mL/L) while T. asperellum was applied at three levels (OmL,
40mL and 80mL per 20 litres of water)) the blocks were used to block against soil factors to
reduce errors. The experiment covered an area of 33.3 m by 5.6 m with individual blocks

measuring 33.3 m by 1.2 m separated by a 1m path. Individual experimental units within a
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block measured 1.2 m by 2.10 m with an inter-plot spacing of 0.5 m (Fig. 1). The treatments

were applied two weeks after planting, during flowering, and one week before harvest.

Table 4. Treatment Combinations of Tithonia diversifolia and Trichoderma asperellum

T.asperellum in Tithonia diversifolia extracts in mL/L

millilitres Td1 (OmL) Td2 (250mL) Td3 (500mL) Td4 (750mL)
Tal(OmL) TalTdl TalTd2 TalTd3 TalTd4
Ta2(40mL) Ta2Tdl Ta2Td2 Ta2Td3 Ta2Td4
Ta3(80mL) Ta3Tdl Ta3Td2 Ta3Td3 Ta3Td4
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3.7 Land Preparation and Crop Maintenance

The field was manually dug to approximately 20 cm depth and prepared to a fine tilth
using a rake. Well decomposed cattle manure was applied at the rate of 5 ton per ha during
planting. Healthy and disease free splits of strawberry variety Chandler were planted at a
spacing of 30 cm x 40 cm giving 20 plants per plot. Cultural management practices such as
watering, weeding, and insect pest control was carried out uniformly in all plots to avoid
variations. Weeding was done manually, while insects were physically removed from the
strawberry plants. The cultural practices were carried out after planting until harvest.
3.9 Data Collection

Data collection for all variables commenced 28 days after planting and continued at
intervals of 14 days up to 100 days after planting (DAP). At each instance of data collection,
the mean for all variables from each replicate was computed. The mean number of the
variables was determined by computing the means of the replicate mean.

3.10 Growth Variables
3.10.1 Plant height

The average height of six plants was measured in centimetres using a standard meter
rule. The measurements were done from the crown level to the apex of the primary leaves.
This was carried out after every two weeks starting at 28 days after planting until the first
harvest.

3.10.2 Number of leaves per plant
Data on the number of leaves were recorded from six plants chosen at random from
two rows in the centre of each plot. The results were expressed as leaf number per plant.

These results were collected out after every two weeks until the first harvest

3.10.3 Number of flowers per plant

Data on numbers of flowers per plant were recorded from six plants chosen at random
from two rows in the centre of each treatment. The results were then expressed as the average
number of flowers per plant.
3.10.4 Fruit length

The length of ten randomly selected fruits from each treatment was measured in
centimetres from the calyx plug to the pointed end or apex of the fruit. The measurements
were done using an ordinary 30-centimeter ruler.
3.10.5 Fruit diameter
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The diameter (latitude) of ten randomly selected fruits from each treatment was measured in

centimetres using a vernier caliper. The diameter was taken at the full ripe stage.
3.11 Fruit Yield variables

3.11.1 Fruit weight
To determine the berry weight, ten berries from each treatment in tagged plants were
randomly selected and the average weight of berry was measured using an electronic balance

(model: Hangping JA, 2003). The results were then expressed as mean fruit weight in grams.

3.11.2 Number of fruits per plant
The number of fruits i.e., primary, and secondary, tertiary were counted from six

plants at the time of fruit maturity and were expressed as the number of fruits per plant.

3.11.3 Total fruit yield per plant
The total fruit production in each treatment was recorded from six plants per plot and
yield per plant were calculated and expressed in grams.

3.12 Quiality variables

3.12.1 Total soluble solids

Total soluble solids of the fresh fruits were recorded by using a digital refractometer
(RHWRefractrometer, Optoelectronic Technology Company Ltd.UK) at room temperature
and expressed in degrees, Brix. The refractometer was cleaned with distilled water after each
observation (Majidi et al., 2011)
3.12.2 Ascorbic acid

Ascorbic acid content was determined by using 2, 6- Dichlorophenol-indophenol
(AOAC, 1990). Ten grams of the fruit sample was extracted in 30mL of 5% oxalic acid in a
mortar and pestle, and then filtered Whatman No.1 filter paper. Standard indophenol solution
was prepared by dissolving 0.05g of 2, 6-dichlorophenolindophenol in distilled water, diluted
to 100 mL, and filtered. The ascorbic acid standard solution was prepared by dissolving 0.05
of pure ascorbic acid in a small volume of 5% oxalic acid solution and then diluted to 250 mL
with the same oxalic acid solution. Ten millilitres of the ascorbic acid standard solution was
titrated with the indophenol solution to a slightly pink endpoint. Ten millilitres of oxalic acid
was titrated as blank. The amount of ascorbic acid corresponding to 1 mL of indophenol
solution was then calculated. Ten mL of the filtered sample extract was pipetted into a 50 mL

flask and made to the mark with the 5% oxalic acid solution. The standard Indophenol
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solution was used to titrate 10mL of the filtrate. The vitamin C content was calculated as a
mg/100g sample (Majidi et al., 2011)
Calculation; Mg ascorbic acid/g or mL sample C=Vx (DF/WT)

Where C=mg ascorbic acid V=mL dye used for titration of diluted samples
DF= dilution factor, WT=sample weight in g

3.13 Disease variables

Twenty fruits from each treatment were surface sterilized by dipping into 2% sodium
hypochlorite for 2 min. Sterilized fruits were then put in plastic trays and stored at 10°C and
95% relative humidity for 10 days.
3.13.1 Disease Incidence

The percentage of decay incidence was identified using Koch’s postulate. It was
obtained by (i) considering the number of fruits that showed signs of decay over the initial
number of fruits. The cumulative decay during storage was expressed as a percentage of

infected fruits. The data was taken 10 days after storage.
Number of infected fruits

Disease incidence (DI )in Fruits = % 100
(oD The initial number of fruits

3.13.2 Disease Severity
(ii) Disease severity on strawberry fruits surface

Disease severity on the berries surface were assessed basing on a scale of 0-5 where
0 = no infection, 1 = 1-5% berry surface affected, 2 = 6-15% berry surface affected, 3 = 16-
50% berry surface affected and 4 = 51-95% berry surface affected 5- 100% berry surface
affected. This scale is similar to those used by other researchers investigating the same
disease organism, Botrytis. cinerea, on strawberries (Elad & Shtienberg, 1994; Archbold et
al., 1997). The percentage of fruit rot severity caused by Botrytis cinerea was estimated by

the equation adopted by Hanounik (1988)

Y(NPC X CR)
Disease Severity(D5)% = —————— X 100
NIP x M5C

Where:
CR= Class rate (scale based on Botrytis cinerea symptoms)

NPC=No of strawberry fruits infected by botrytis in each class rate
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NIP=No of fruits in each plot

MSC=Maximum severity class rate of infected strawberries fruits
Data Analysis

Data was analysed using GenStat 15" edition. The proc-univariate procedure was
used to check for normality of the data before analysis, and arcsine data transformation was
done for disease incidence and severity... All numerical data were subjected to analysis of
variance (ANOVA) at P< 0.05 and means for significant treatments were separated using
Tukey’s honestly significant difference test at P < 0.05.
3.8 Experimental Model

In the study growth, yield, quality and disease incidence and severity parameters were
considered dependent variables while Tithonia diversifolia extracts and Trichoderma
asperellum were considered independent variables. The model for the experiment was as
follows:

Yijk = M +Ti + Aj it (TA) it €ijk,

i=1,2,34;j=1,2,3,k=1,2,3
Where,
Yijk - An individual observation from an experimental unit receiving the ith level of Tithonia
diversifolia, jth level of Trichoderma asperellum in the kth block.
M - The overall mean (An unknown constant).
Ti - The effect of the ith level of Tithonia diversifolia
A -The effect of the jth level of Trichoderma asperellum
Bk - The effect of the kth block.
(TA)jj - The interaction effect between the i"" level of Tithonia diversifoliaandjth level of
Trichoderma asperellum
gijk - Random error component associated with response from an experimental unit receiving
the i level of Tithonia diversifoliaandj™ level of Trichoderma asperellum and in the k™
block. Is assumed to be independent and normally distributed with zero mean and a common

variance G.
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CHAPTER FOUR
RESULTS
Results obtained in this study are presented in this chapter following the order: growth

variables, fruit yield variables, disease variables, and quality variables.

4.1 Objective 1: Effect of Tithonia diversifolia and Trichoderma asperellum

concentration on growth and yield of strawberry

4.1.1 Plant height

The application of Tithonia diversifolia and Trichoderma asperellum significantly
influenced plant height throughout the growing period. However, application of Trichoderma
asperellum and Tithonia diversifolia did not have a significant (P<0.05) effect on the plant
height at 28DAP of growth (Table 5). Trichoderma asperellum 80mL and Tithonia
diversifolia at 750mL produced the tallest plants compared to untreated plants. There was a
significant (P<0.05) interaction effect of Tithonia diversifolia and Trichoderma asperellum
from week six of growth in the experiment.. The untreated plot produced the shortest plants
compared to treated plants at 42DAP. There was a significant (P<0.05) difference in plant
height at 56DAP 70DAP and 84DAP in both trials (Table 5). Treated plots produced the
tallest plants compared to untreated plots in all sampling dates. Trichoderma asperellum
40mL and Tithonia diversifolia 500mL had taller plants compared to other rates. At 84DAP
plant, height was significantly(P<0.05) affected by the treatments with Trichoderma
asperellum 80mL and Tithonia diversifolia 750mL producing the tallest plants ( 26.48cm)
while control produced the shortest plants (17.63) (Table 5).
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Table 5. Effects of Trichoderma asperellum and Tithonia diversifolia concentrations on

Plant height (cm)

Trichoderma asperellum

Concentration (mL)

Tithonia diversifolia concentration (mL)

0 250 500 750
Height in cm
0 5.05¢ 5.63abc 6.03abc 7.367a
28DAP 40 6.30abc 5.86abc 6.20abc 6.47abc
80 5.45hc 5.62abc 6.83ab 6.53b
42DAP 0 8.08d 8.92¢ 10.77b 11.05b
40 9.38c 9.57¢ 11.48ab 11.40ab
80 9.18c 9.02c 10.70b 11.87a
56DAP 0 11.85f 12.77e 13.70cd 14.55ab
40 12.85e 13.08de 13.87hc 14.53ab
80 13.52cde 13.05de 13.85bc 14.87a
70DAP 0 15.28d 15.27d 15.75cd 16.10bcd
40 15.68cd 16.07hcd 16.58hc 16.57bc
80 16.25bcd 16.08bcd 17.03b 18.53a
84DAP 0 17.63e 18.48de 20.15¢c 22.40b
40 18.47de 18.78cde 19.98cd 24 97a
80 18.48de 18.90cde 21.82b 26.48a

*Means followed by the same letter within a trial sampling date are not significantly different
according to Turkey’s HSD test at p<0.05.DAP refers to days after planting
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4.1.2 Number of leaves

Application Trichoderma asperellum and Tithonia diversifolia significantly (P<0.05)
influenced the number of leaves per plant throughout the growth period. The highest number
of leaves were recorded in treated plants (58.82) compared to control plants (43.63) (Table
6). Significant differences in the number of leaves were observed from 42 DAP in both trials.
The number of leaves remained significantly (P <0.05) higher at 56DAP, 70 DAP and
80DARP in treated plants compared to control plants in both trials. Trichoderm asperellum at
80mL and Tithonia diversifolia at 750mL produced plants with the highest number of leaves
(58.82) 84 DAP.

Table 6 .Effects of Trichoderma asperellum and Tithonia diversifolia concentrations on
number of leaves

Trichoderma asperellum | Tithonia diversifoliar concentration (mL)

concentration (mL) 0 250 500 750
Number of leaves per plant

28DAP 0 10.97f 11.52e 12.52¢ 12.73b
40 11.63def 11.85cde 12.62bc 12.95ab
80 12.15bcd 11.83cde 12.33d 13.17a

42DAP 0 15.52d 16.07d 19.20b 20.10a
40 15.62d 16.33d 19.05b 20.08a
80 17.63c 17.98c 19.90ab 20.10a

56DAP 0 21.22¢ 22.65cd 27.57e 27.48ab
40 21.87de 22.55d 27.23b 27.88a
80 23.43c 22.65cd 27.53a 28.27a

70DAP 0 32.42d 33.55cd 37.03ab 38.70a
40 33.33d 34.63c 36.67b 38.47a
80 37.28a 34.83bc 37.20a 37.78a

84DAP 0 43.63¢ 43.989 44.40fg 46.60e
40 44.47f 44.75ef 46.60e 48.60d
80 48.93d 51.33c 54.13b 58.82a
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*Means followed by the same letter within a trial sampling date are not significantly different
according to Tukey’s HSD test at P<0.05. DAP refers to days after planting

4.1.3 Fruit length

Interaction of Tithonia diversifolia and Trichoderma asperellum rates significantly
(P<0.05) influenced fruit length (Table 7). The longest fruits were recorded in treated plots
compared to untreated plots. Trichoderma asperellum 40mL and Tithonia diversifolia 750mL
produced fruits with a length of (6.03cm).There were significant differences in fruit length
with Trichoderma asperellum at 80mL and Tithonia diversifolia at 750mL recording the

highest fruit length (6.43). The lowest fruit length (2.36cm) was obtained in control

Table 7. Effects of Trichoderma asperellum and Tithonia diversifolia concentrations on
fruit length in cm

Trichoderma Tithonia diversifolia concentrations (mL)
asperellum
concentrations | 0 250 500 750
(mL)

Fruit length in cm
0 2.13e 3.03d 5.63c 6.36ab
40 2.73d 2.80d 6.16b 6.03bc
80 3.13d 3.20d 5.93bc 6.43a

*Means followed by the same letter within a trial sampling date are not significantly different
according to Tukey’s HSD test at p<0.05.

27



4.1.4 Number of flowers per plant

Application of both Tithonia diversifolia and Trichoderma asperellum resulted in a
significant (p<0.05) increase in the number of flowers. The highest number of flowers were
recorded at 750mL Tithonia diversifolia and 80mL Trichoderma asperellum (22.83)
respectively) (Table 8). However, there were no significant differences in plots treated with
both Tithonia diversifolia (750mL), Trichoderma asperellum (80mL) and Tithonia
diversifolia (500mL) and Trichoderma asperellum (40mL) in the experiment. The untreated
trials produced the lowest number of flowers. Plots treated with Tithonia diversifolia at
250mL and Trichoderma asperellum at 40mL were not significantly different from plots
treated with Trichoderma asperellum at 80mL and Tithonia diversifolia at 250mL (Table 8)

Table 8. Effects of Trichoderma asperellum and Tithonia diversifolia concentrations on
the number of flowers per plant

Trichoderma Tithonia diversifolia concentration (mL)
asperellum 0 250 500 750

concentration(mL)

Number of flowers per plant

0 8.329 9.30f 19.92¢c 22.30a
40 10.60de 10.37e 20.70b 22.75a
80

11.03de 11.12d 22.55a 22.83a

*Means followed by the same letter within a trial sampling date are not significantly different
according to Tukey’s HSD test at P<0.05.
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4.1.5 Number of Fruits per plant

The number of fruits per plant was significantly (P<0.05) affected by Trichoderma
asperellum and Tithonia diversifolia application rates. The highest numbers of fruits were
obtained in treated plots (12.80) while untreated plots registered the lowest number of fruits
per plant (6.5) in the experiment (Table 9). The application of Trichoderma asperellum at
80mL and Tithonia diversifolia 750mL produced plants with the highest number of fruits
(12.80) at (p<0.05) in the experiment. However, there was no significant differences between
Trichoderma asperellum 40mL and Tithonia diversifolia 500mL and Trichoderma
asperellum 80mL and Tithonia diversifolia 500mL in the trials. (Table 9).

Table 9. Effects of Trichoderma asperellum and Tithonia diversifolia concentrations on
the number of fruits per plant

Trichoderma Tithonia diversifolia concentration (mL)
asperellum conc | 0 250 500 750

entration (mL)

Number of fruits per plant

0 6.55e 8.27d 12.62a 12.43b
40 9.78c 9.20c 12.30a 12.43a
80 10.70b 9.13c 12.20a 12.80a

*Means followed by the same letter within a trial sampling date are not significantly different
according to Tukey’s HSD test at p<0.05.
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4.1.6 Fruit diameter

Growing strawberry using Tithonia diversifolia and Trichoderma asperellum
significantly (P<0.05) influenced fruit diameter in the study (Table 10).The highest diameter
(4.37cm) was recorded in treated plants compared to control plants (1.6cm) Application of
Tithonia diversifolia at 750mL and Trichoderma asperrellum at 80 mL resulted in fruits with
the highest diameter in the experiments (4.37cm) (Table 10). The untreated plots produced
fruits with the lowest diameter in the experiments.. In the experiment Trichoderma
asperrellum at 80mL and Tithonia diversifolia at 500mL (4.10cm) had no significant
differences (P<0.05) with Trichoderma asperellum at 80mL and Tithonia diversifolia at
750mL (4.37cm) (Table 10).

Table 10. Effects of Trichoderma asperellum and Tithonia diversifolia concentrations on
fruit diameter in cm

Trichoderma Tithonia diversifolia concentration (mL)

asperellum 0 250 500 750

concentration(mL)

Fruit diameter in cm

0 1.6e 247c 3.97a 4.05a
40 2.13d 2.47cd 4.12a 3.98a
80 2.88hbc 3.05b 4.10a 4.37a

*Means followed by the same letter within a trial sampling date are not significantly different
according to Tukey’s HSD test at p<0.05.
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4.1.7 Fruit weight

Fruit weight was influenced by the application of Trichoderma asperellum and
Tithonia diversifolia in the experiment study. Treated plants had fruits with significantly
(P<0.05) higher weight (16.10grams) compared to untreated plants (8.18grams) (Table 10).
The weight of the fruits was significantly (P<0.05) higher in plots treated with Trichoderma
asperellum at 80mL and Tithonia diversifolia at 750mL. Tithonia diversifolia at 250mL and
Trichoderma asperellum at OmL produced fruits with the lowest weight (8.50grams)
compared to other treatments. Untreated plots had the lowest weight in the experiments
(Table 11).

Table 11. Effects of Trichoderma asperellum and Tithonia diversifolia concentrations on
fruit weight in grams

Trichoderma Tithonia diversifolia concentration (mL)

asperellum 0 250 500 750

concentration(mL)

Fruit weight in grams

0 8.18f 8.50f 14.65d 15.28bc
40 9.80e 8.72f 14.73cd 14.78cd
80 9.65e 9.50e 15.58ab 16.10a

*Means followed by the same letters within atrial sampling date are not significantly different
according to Tukey“s Honestly Significant Difference Test at P<0.05
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4.1.8 Fruit yield per plant

Application of Tithonia diversifolia and Trichoderma asperellum influenced yield per
plant in the experiment study. Significant (P<0.0.5) higher fruit yields were obtained in
treated plants compared to control (Tablel2). During the experiment, the highest yield per
plant was recorded at Trichoderma asperellum at 80mL and Tithonia diversifolia at 750mL
(199.5grams) (Table 12). Among other treatments Trichoderma asperellum at 80mL and
Tithonia diversifolia at 500mL resulted to highest yields per plant. The lowest yields were
recorded in control plants in both experiments (53.9grams).In trial two, the means for
Tithonia diversifolia at 750mL and Trichoderma asperellum at8 OmL were not significantly

different from Tithonia diversifolia at 500mL and Trichoderma asperellum at 40mL.

Table 12. Effects of Trichoderma asperellum and Tithonia diversifolia concentrations on
yield per plant in grams

Trichoderma Tithonia diversifolia concentration (mL)

asperellum 0 250 500 750

concentration(mL)

Yield per plant in grams

0 53.9f 84.1de 188.9ab 187.3ab
40 96.9cd 80.1e 181.5b 186.6ab
80 103.8c 87.6d 193.6ab 199.5a

*Means followed by the same letters within a trial are not significantly different according to
Tukey’s Honestly Significant Difference Test at P<0.05
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4.2 Effect of Tithonia diversifolia and Trichoderma asperellum on Fruit Quality

The results on the effect of Trichoderma asperellum and Tithonia diversifolia on total
soluble solids (TSSs) and ascorbic acid.

4.2.1Total soluble solids

From the results, the application of Tithonia diversifolia and Trichoderma asperellum
influenced the amount of Total soluble solids in the experiments (Figure 4). Untreated plants
produced fruits with the lowest amount of Total soluble solids (7.97 brix %) compared to
treated plants (13.28 brix %) in the experiments (Figure 4). The highest amount of total
soluble solids was recorded at Tithonia diversifolia 750mL and Trichoderma asperellum at
80mL in both trials though there were no significant differences (P<0.05) between the means
in all the experimental units. In the experiments control produced fruits with the lowest Total

soluble solids.
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Figure 4. Effect of Tithonia diversifolia and Trichoderma asperellum on Total soluble solids
in brix %. Means followed by the same letter are not significantly different according
to Tukey’s HSD test at p<0.05.

4.2.2 Ascorbic acid

The ascorbic acid content in strawberry fruit was significantly influenced by the
application of Tithonia diversifolia and Trichoderma asperellum rates (Figure 5). Ascorbic
content was significantly (P<0.05) higher in treated fruits compared to fruits from control
plots. The highest level of ascorbic acid was recorded at Tithonia diversifolia at 750mL and
Trichoderma asperellum 80mL (55.12 mg/100g). Tithonia diversifolia at OmL and
Trichoderma asperellum at OmL produced fruits with the lowest ascorbic content
(38.75mg/100g).(Figure5).. There was a significant (P<0.05) difference between the means in

the experiments.
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Figure 5. Effect of Tithonia diversifolia and Trichoderma asperellum on ascorbic acid content
in (mg/100g).Means followed by the same letter are not significantly different
according to Tukey’s HSD test at p<0.05 .
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4.3 Effects of Trichoderma asperellum and Tithonia diversifolia Concentrations on

Disease severity and Incidence

The results on the effect of Trichoderma asperellum and Tithonia diversifolia

concentrations on Botrytis cinerea severity and incidence are outlined in Figure 6 below.

4.3.1 Disease Severity

Disease severity was significantly (P<0.05) affected by the application of Tithonia
diversifolia and Trichoderma asperellum rates. From the results, Botrytis cinerea severity
varied depending on the amount of Trichoderma asperellum and Tithonia diversifolia applied
(Figure 6). High rates of Trichoderma asperellum was observed to be effective for
management of Botrytis cinerea in the experiments but it depended on the levels of Tithonia
diversifolia applied. The disease severity index was significantly (P<0.05) high in untreated
fruits (89.04%) as compared to treated fruits (12.07%) in the experiment. Disease severity
indexes was lowest at Tithoinia diversifolia 750mL and Trichoderma asperellum at 80mL in
both trials(Figure 6).
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Figure 6. Effects of Trichoderma asperellum and Tithonia diversifolia concentrations on
disease severity percentage .Means followed by the same letter are not significantly
different according to Tukey’s HSD test at p<0.05
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4.3.2 Disease Incidence

Trichoderma asperellum and Tithonia diversifolia had significant (P<0.05) effects on

disease incidence percentage in strawberry fruits (Figure 7). Trichoderma asperellum at

80mL and Tithonia diversifolia at 750mL had the lowest disease incidence (16.49%).

Untreated fruits had the highest disease incidence (85.72%). High rates of Trichoderma

asperellum was observed to be effective for the management of Botrytis cinerea but it

depended on the levels of Tithonia diversifolia applied (Figure 7).
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Figure 7. Effects of Trichoderma asperellum and Tithonia diversifolia concentrations
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disease incidence percentage. Means followed by the same letter within a trial are not

significantly different according to Tukey’s HSD test at p<0.05.
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CHAPTER FIVE
DISCUSSIONS
This chapter presents a discussion of the results. The layout of this chapter follows

sequentially the order in which the results were presented in chapter four of this document.

5.1 Effects of different concentrations of Tithonia diversifolia extracts and Trichoderma

asperellum on growth and fruit yield of strawberry
5.1.1 Plant Height

In the present study, a combination of Trichoderma asperrellum and Tithonia
diversifolia significantly enhanced plant growth giving taller strawberry plants compared to
control. According to Elshahawy et al. (2019) and Zaghloul et al. (2017), Trichoderma
asperrellum produces phytohormones, vitamins and solubilizing minerals, which inhibit
pathogen growth, which leads to stronger and healthier plants consequently favouring an
increase in plant height. Trichoderma asperellum was found to contribute to plant height due
to the production of auxins, which stimulates plant growth (Contreras-Cornejo et al., 2009).
These arguments support the findings of the current study. The response of strawberry plants
to Trichoderma asperellum observed in this study is also supported by that of Mastouri
(2010) who reported the highest growth measured in terms of plant height in tomato
cultivated using Trichoderma asperellum compared to control. Similar results were observed
by Fontenelle et al. (2011) who found positive results on the growth and development of
seedlings in vegetable and non-vegetable crops grown with trichoderma species.
Trichoderma asperellum contributed to an increase in height in tomatoes grown under
different biotic and antibiotic stress (Mastouri, 2010). Hussain et al. (2011) findings reported
that trichoderma had significantly additional and promoting effects on vegetative and
qualitative traits of cut flowers, bulbs, and tulip. The synergistic effect between the microbial
rhizosphere and bio control agent increases the activity of Trichoderma asperellum which
leads to plant growth (Hajieghrari et al., 2016).

Several studies have documented the plant growth stimulation effect of trichoderma
species and other microbes in crops such as bean (Scala et al., 2007), tomatoes (Ozbayet al.,
2004), pea (Bisen et al., 2016). In the present study, Tithonia diversifolia produced the tallest
plant compared to the control. The enhancement of height in this study was as a result of high
levels of major nutrients (NPK) in tithonia extracts (Jeptoo et al., 2013). Similar results were
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observed by Mustonen (2012) who reported significant responses in rice, maize, and
vegetable crops to Tithonia diversifolia application. According to Babajide et al. (2012)
Tithonia diversifolia was able to increase the plant height in sesame. Similar results were
observed by Guong et al. (2010) who reported that tithonia amendment led to an increase in
soil organic matter content, available nitrogen and phosphorous, cation exchange capacity,
percentage base saturation, soil respiration, soil aggregate stability as well as reduce soil
compaction. Green leaf biomass of tithonia contains 3.5% N, 0.37% P, and 4.1% K on a dry
matter basis (Jamal et al., 2000). Similar to this finding, Babajide et al. (2012) reported that

tomato plant height increased with increasing compost rate.

5.1.2 Number of Leaves

In the present study, the use of Trichoderma asperellum and Tithonia diversifolia
significantly affected the number of leaves in both trials. A combination of Trichoderma
asperellum and Tithonia diversifolia increased the number of leaves compared to control
plants. The findings of this study are supported by those of (Bae et al., 2011; Biljana et al.,
2012; Ramot et al., 2004) who also observed that Trichoderma asperellum increased plants
growth and vigour in biotic and abiotic stress. Trichoderma not only attack other pathogenic
fungi but also promote the growth of host plants (Chen et al., 2015; Hermosa et al., 2012). Its
mode of actions includes antibiosis, mycoparasitism, and competition for nutrients and space
(Bisen et al., 2015; Keswani et al., 2014). This particular group of fungi induces stress
tolerance in host plants through the improved root and shoot development, inorganic nutrients
solubilization, and sequestration, pathogenic enzymes inactivation and inducing systemic
resistant (Bisen et al., 2016; Scala et al., 2007; Singh, 2014; Pill et al., 2009).

In the present study, strawberry plants treated with trichoderma exhibited more
growth in terms of an increase in the number of leaves. These results were similar to those of
Mastouri et al. (2010) who obtained a higher number of leaves in tomato after treating with
Trichoderma asperellum. Trichoderma asperellum can induce auxin production in plants,
which leads to an increase in plant growth, which results to the higher number of leaves
(Conteras et al., 2009). The leaf number in strawberry depended on application rates of
Tithonia diversifolia rates. According to Dauda et al. (2008), tithonia is rich in
macronutrients such as N, P, and K, which leads to vigorous growth in plants. These results
are similar to those of Aguyo et al. (2001) which showed a significant effect on watermelon

growth to different rates of tithonia. Liasu et al. (2008) observed similar results in okra where
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tithonia increased the number of leaves. A combination of tithonia and trichoderma led to the

high number of leaves due to production of nutrients and growth hormones respectively.

5.1.3 Number of Flowers

The number of flowers per plant were significantly affected by the application of
Trichoderma. asperellum and Tithonia. diversifolia rates. More flowers were observed in
treated plants compared to control. The efficiency of Trichoderma spp. as bio fertilizers have
gained support from numerous studies showing that when applied to plant surfaces soil and
seeds, increases the solubility of nutrients as well as the nutrient uptake capacity of the root.
According to Lopez- Bucio et al. (2015). Trichoderma spp were found to produce compounds
such as phytohormones which stimulate root growth, thus increasing the absorptive surface of
plant roots. These phytohormones include gibberellins cytokinins and indole-3-acetic acid,
which promotes flowering (Tjamos et al., 2010). This supports the findings of this study
where Trichoderma asperellum at 80mL and Tithonia diversifolia at 750 mL had the highest
numbers of flowers per plant. Kerroum et al. (2015) observed similar results where the

application of Trichoderma asperellum increased the number of flowers in tomato plants.

Similar observations were reported by Tondje et al. (2007) and Deberdt et al. (2008)
who observed a high number of flowers in the cocoa plants. According to Jayasundara et al.
(2016) tithonia produces nutrients, which lead to vigorous growth in plants leading to the
high number of flowers. This is in agreement with Ademiluyi (2012) who found tithonia to
have a significant effect on the number of shoot yield in Okra, which resulted to the higher
number of flowers. A combination of all these factors contributed to a higher number of

flowers in strawberry in both trials as a result of tithonia and trichoderma.

5.1.4 Fruit Weight and Fruit Yield

In the current study treated plants yielded higher compared to untreated plants in both
trials. Trichoderma asperellum at 80 mL and Tithonia diversifolia at 750 mL produced the
highest yields compared to other treatments. According to previous studies, Trichoderma spp
were found to be plant symbionts that confer positive effects on crop yield, plant growth, and
stimulation of plant defense through the production of secondary metabolites (Hermosa et al.,
2012). Mazhabi et al. (2011) revealed that, trichoderma had additional and promoting effects

on vegetative and qualitative traits of tulip bulbs and cut flowers.

Trichoderma spp influenced strawberry growth resulting to increase in the number of

fruits (Meunchang et al., 2006; Molla et al., 2005). Similar results were reported by Hague et
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al. (2012) and Uddin et al. (2017) who documented that application of Trichoderma
significantly influenced the weight of fruits, the number of fruits and the total yield of tomato
fruits. The results of this study supported the argument by Bal and Altintas (2006) that
reported that various species of trichoderma had a positive effect on the growth and yield of
various crops. Trichoderma asperellum increased yield in vegetable crops (Lei et al., 2015).
Tondje et al. (2007) reported that Trichoderma asperellum was able to increase the number

of the pod in the cacao plants.

Trichoderma species showed variable responses in cucumber, strawberry and soybean
(Gongalves et al., 2018). Besides, it was reported that the application of Trichoderma spp
dramatically increased the number of fruits per plant in pepper and tomato grown in the
greenhouse than untreated control (Vinale et al., 2012). The current study supports these
findings with strawberry yield being enhanced using Trichoderma asperellum. According to
Sallam et al. (2007), trichoderma increased the green yield of bean compared to untreated
plants. Elshahawy et al. (2019) and Zaghloul et al. (2017) reported that application of
selected trichoderma spp significantly increased the number of fruits/plant, the weight of

fruits and the total yield of tomato fruits.

The ability of Tithonia diversifolia extracts to increase fruit yield in this study was
due to its nitrogen, potassium, and phosphorous content (Hafifah et al., 2016). The results of
the present study were similar to those of Fahrurrozi et al. (2017) who observed an increase
in carrot root yield with an increase in tithonia level. Tithonia can substitute for urea as N
sources according to Opala et al. (2015) and as a complement of inorganic fertilizers in Kales
(Mwangi & Mathenge, 2014). Aghofack-Nguemezi and Dzukam (2016) reported that extracts
and powders of tithonia improved tomato growth and yield .Foliar application of tithonia
increased pechay plant weight and height (Pena et al., 2013). These findings are in agreement
with those of Aguyoh et al. (2010) who reported a significant and positively correlated
increase in a total yield of watermelon with increasing application rates of Tithonia
diversifolia with yields enhanced by between 8.5% and 31% in plants subjected to the highest

level Tithonia diversifolia compared to the control.
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1.5 Fruits Number

Fruit number significantly increased in treated plants compared to control. A higher
number of fruits were observed after application of Trichoderma asperellum 80 mL and
Tithonia diversifolia 500 mL in both trials. These results were similar to those of Zaghloul et
al. (2017) who observed a higher number of fruits in tomato as a result of Trichoderma
asperellum.This was in agreement with Vinale et al. (2012) who reported that Trichoderma
asperellum resulted to increase in the number of fruits in pepper and tomato. The
enhancement of fruits number was due to ability of trichoderma to convert unavailable
nutrients into available form leading to higher yields (Meunchang et al., 2006) In respect, to
this findings trichoderma species were reported to encourage growth resulting to higher yield

in cucumber, loofer and cucumber plants (Huang et al., 2020).

In the present study, Tithonia diversifolia significantly affected the number of fruits in
both experiments. Consistent with the findings of the present study, Setyowati et al. (2018)
reported a higher number of curds in cauliflower after treatment with Tithonia. Similar to this
finding, Babajide et al. (2008) reported that tomato plant yield increased with increasing in
tithonia rate. Green leaf biomass of tithonia contains 3.5% N, 0.37% P and 4.1% K on a dry
matter basis, which contributes to increasing in the number of fruits, and plant yields (Guong
et al., 2010). An increase in the number of fruits in this study also resulted due to the
availability of phosphorous in tithonia, which is a key element in fruiting (Muktamar et al.,
2017). According to Fahrurrozi et al. (2017), P-content of tithonia was 0.87% which
encourages root expansion to get nutrients from the soil as well as responsible for crop
maturity According to Jamal et al. (2000), Tithonia is very rich in nutrients which results to

plant growth and hence increase in fruit number per plant.
5.1.6 Fruit length and fruit diameter

Fruits were longest in plots treated compared to untreated plots in trials 1 and
2.Significant differences were observed in the combination with tithonia at 750 mL and
trichoderma at 80 mL producing the longest fruits. The results were similar to those of
Setyowati (2018) who observed an increase in cucumber length and diameter. This was as a
result of high nutrient content in tithonia green biomass (Babajide, 2012). Jayasundara et al.
(2016) observed an increase in the length of okra after the application of Tithonia
diversifolia. The ability of Trichoderma sperellum to stimulate plant growth and yield

resulted in longer and large fruits in strawberry fruits (Stringlis et al., 2018). According to
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Jayaraman et al. 2014 trichoderma spp can induce plant defence mechanism systems

resulting in healthy and strong plants, which can produce health large fruits.

5.2 Effects of Trichoderma asperellum and Tithonia diversifolia on Quality of strawberry

fruit

5.2.1Total Soluble Solids and Ascorbic Acid Content

Application of Trichoderma asperellum and Tithonia diversifolia significantly
influenced the amount of total soluble solids and ascorbic acid content in strawberry fruits.
The enhanced total soluble solids and ascorbic acid content were observed following the
application of higher levels of tithonia in this study could be attributed to the better levels of
macronutrients and micronutrients required for growth and quality (Rashidi &
Keshavarzpour, 2007). Strawberry total soluble solids and ascorbic acid content were
enhanced by Potassium, which is the key element in influencing the quality of fruits and
vegetables. Aguyo et al. (2010) observed an increase in the total soluble solids content of

watermelon supplied with higher levels of tithonia manure.

Ahmad et al. (2015) also reported a positive effect of Tithonia diversifolia on the total
soluble solids content of carrots compared to the control. The findings were similar to those
reported by Jama et al. (2000) who found 4.1%K and 3.5%N (on a dry weight basis) in
tithonia. According to Robinson et al. (2014). Trichoderma was found to enhance the fruit
quality parameters such as ascorbic acid content in grapes. The results were similar to those
of Pascale et al. (2018), who observed an increase in fruit quality parameters in grapes due to
application of Trichoderma asperellum. This supports the findings of this study where
Trichoderma asperellum resulted in higher levels of total soluble solids and ascorbic acid

content in fruits.

5.3 Effects of Tithonia diversifolia and Trichoderma asperrellum on Disease incidence

and Severity (Botrytis cinerea)

Beneficial microbes can also act as bio control organisms, helping plants defend
themselves from attack by pathogens. This is the case for fungi of the genus Trichoderma,
which are excellent mycoparasites of plant pathogens, directly protecting plants against them
(Faruk & Rahman 2015). In addition, Trichoderma spp. can also enhance the plant defence
system through priming, enabling the plant to respond in a much faster and stronger manner
to pathogen attack (Hermosa et al., 2012; Malmierca et al., 2015). This implies beneficial

42


https://apsjournals.apsnet.org/doi/full/10.1094/PHYTO-07-18-0218-RVW#b45
https://apsjournals.apsnet.org/doi/full/10.1094/PHYTO-07-18-0218-RVW#b64

microbes can modulate the plant defence system to enable the interaction (Hassani et al.,
2018; Jayaraman et al., 2014).

In the present study, Trichoderma asperellum at 80mL and Tithonia diversifolia at
750mL recorded the lowest disease incidence and severity compared to control in both
experiments. It was demonstrated that trichoderma spp. strains can survive in the aerial part
of the plants for long periods and can act as antagonists of fungal pathogens in a wide range
of crops (Loreto et al., 2010; Woo et al., 2014). Trichoderma spp. were able to control
Botrytis cinerea in strawberry because, they can secrete cell wall degrading enzymes like
chitinases and volatile and non- volatile compounds which enter the cell in the form of signal
and triggers secondary messengers and altering the metabolic pathway of the pathogen
(Zeilinger et al., 2016). According to Katatny and Emam (2012), trichoderma isolates were
able to control Rhizopusspp, Aspergillus, Fusarium, and Alternaria leading to post-harvest rot
in tomato. Similar results were observed by Carrero et al. (2016) who found trichoderma
species to be effective in controlling post-harvest rots on tomato in invitro. A study
conducted by Isabella et al. (2016) indicated that Trichoderma asperellum was effective in
controlling. Solanii in cucumber seedlings. Several reports indicate the success of
Trichoderma isolates in controlling damping-off and root rot caused by Pythium species in
different crops (Kipngeno et al., 2015).The Antimicrobial activities could be the result of
several secondary metabolites such as peptaibols, terpenes, polyketides, gliotoxin, and
gliotoxin produced by fungi (Vinale et al., 2012). Other metabolites include tricholin,
harzianic acid, viridian, gliosoprnins, heptelidic acid, 6-pentyl-a-pyrone, and massoilactone,
which inhibit phytopathogen fungi growth (Mukherjee et al., 2012). The ability of
trichoderma spp to suppress, parasitize, and even Kill other pathogenic fungi is documented

as a key mechanism for its success as biological control (Mukherjee et al., 2012)

Fernandez et al. (2014) found trichoderma being more effective in controlling Botrytis
cinerea in the field and after storage. In a research conducted by Martinez et al. (2009)
Trichoderma asperellum inoculum was used as a substrate to protect against Phytophtora
cactorum and Verticilium dahliae in strawberry. According to Pascale et al. (2018),
trichoderma species were able to control powdery mildew in grapes by inducing the
resistance in uninfected leaf tissue locally, systemically through decreasing the reactive
oxygen species or enhancing the development of phytohormones. Similar results were
reported by Tchameni et al. (2011) who observed the ability of Trichoderma asperellum in

controlling black pod diseases in cacao. The obtained data are in agreement with those
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obtained by Segarra et al. (2013), who found that Trichoderma asperellum strain suppressed

zoospore germination of Phytophthora capsici.

The use of plant extracts in the control of disease incidences and severity in
strawberry is worthwhile attempt to grow healthy plants in the humid tropics where the use of
synthetic agrochemicals is not allowed and hazardous to human and the general environment.
In the present study combination of Tithonia diversifolia and Trichoderma asperellum was
significant in controlling disease incidence and severity in strawberry fruits. Extracts from
various Asteraceae including Tithonia diversifolia, were effective inhibitors of the mycelia
growth of F. oxysporium and Trichophyton mentagrophytes (Agboola et al., 2016).
Enikuomehin (2005) reported that Cercospora leaf spot disease of sesame (Sesanum indicum
L.) was controlled with plant extracts including extract of Tithonia diversifolia. Research by
Llondu et al. (2014) confirmed that field evaluation Tithonia diversifolia extracts were
effective in the control of leaf spot disease of sweet potatoes. Barboza et al. (2018) reported
that leaf extract of Tithonia diversifolia consisted of thithoniaquinone A and tithoniamide B,
psoralen, and Iquebrachitol. Thithoniaquinone-A and psoralen were strongly fungicidal and
antibacterial. These compounds contributed to low Botrytis cinerea incidences and severity in
strawberry in the present study.
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions
Based on the findings, it can be concluded that;

1). Use of Tithonia diversifolia and Trichoderma asperellum influences growth and yield of
strawberry fruits. Tithonia diversifolia at 750mL and Trichoderma asperellum 80mL
produced the highest number of leaves and the longest stems in Strawberry. The increase in
nutrient uptake plants induced by Trichoderma asperellum as biological control is an
important factor contributing to plant growth promotion and disease suppressiveness.
Tithonia diversifolia is a botanical control rich in nutrients such as Nitrogen, Potassium and

phosphorous which enhances plant growth.

if). Use of Tithonia diversifolia and Trichoderma asperellum influences disease incidence and
severity in strawberry fruits. Interaction between Tithonia diversifolia and Trichoderma

.asperellum reduced disease severity by recording the lowest percentage compared to control.

iii). Different concentrations of Tithonia diversifolia and Trichoderma asperellum

significantly influences the quality of strawberry fruits and therefore improving the shelf life.
6.2 Recommendations
Based on the results of this study, the following recommendations can be made;

i) Production of both strawberry can be enhanced by the use of Tithonia diversifolia
750mL and Trichoderma asperellum 80mL especially in agro-ecological zones
similar to the current study area since it promoted total yield and also reduced disease
incidence and severity.

i) Since Trichoderma asperellum and Tithonia diversifolia reduced disease incidence
and severity, more research should be done on improvement of strawberry skin
hardness and outward appearance after harvesting so as to improve its shelflife.

iii) Application of Trichoderma asperellum and Tithonia diversifolia improved Total
soluble solids and Ascorbic acid content in strawberry.Strawberry growers are
adivised to use Trichoderma asperellum at 80mL and Tithonia diversifolia at 750mL
as it resulted in strawberries with the highest content of total soluble solids and
ascorbic acid content
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after Planting

APPENDICES
i). Effects of Trichoderma asperellum and Tithonia diversifolia on plant height at 28 Days

Source Df Type 1SS  MSE F Value P>F
TRIAL

Total 35 22.07

Block 2 0.7429 0.37 1.06

Ta 2 0.2112 0.10 0.30 0.742

Td 3 8.5035 2.83 8.11 <.001

Ta.Td 6 4.9288 0.82 2.35 0.066

Error 22 7.6904 0.34

Coefficient 9.7

of variation

i). Effects of Trichoderma asperellum and Tithonia diversifolia on plant height at 42

Days after Planting

Source Df Type 111 SS MSE F Value P>F
TRIAL

Total 35 53.28

Block 2 1.44 0.72 9.20

Ta 2 3.51 1.75 22.41 <.001

Td 3 44.30 14.76 188.56 <.001

Ta.Td 6 2.3 0.38 4.90 <.003

Error 22 1.72 0.07

Coefficient 2.87

of variation
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iii). Effects of Trichoderma asperellum and Tithonia diversifolia on plant height at 56

Days after Planting

Source Df Type 111 SS MSE F Value P>F
TRIAL

Total 35 27.40

Block 2 0.85 0.42 6.62

Ta 2 2.22 1.11 17.19 <.001

Td 3 20.45 6.82 105.41 <.001

Ta.Td 6 2.44 0.40 6.26 <.001

Error 22 1.42 0.06

Coefficient 1.9

of variation

iv). Effects of Trichoderma asperellum and Tithonia diversifolia on plant height at 70

Days after Planting

Source Df Type 111 SS MSE F Value P>F
TRIAL

Total 35 29.32

Block 2 0.09 0.04 0.29

Ta 2 11.37 5.68 36.22 <.001

Td 3 10.50 3.50 22.29 <.001

Ta.Td 6 3.89 0.64 4.14 <.006

Error 22 3.45 0.15

Coefficient 2.4

of variation
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v). Effects of Trichoderma asperellum and Tithonia diversifolia on plant height at 84

Days after Planting

Source Df Type 111 SS MSE F Value P>F
TRIAL

Total 35 268.79

Block 2 0.22 0.11 0.40

Ta 2 18.46 9.23 32.71 <.001

Td 3 228.93 76.31 270.40 <.001

Ta.Td 6 14.95 2.49 8.83 <.001

Error 22 6.20 0.28

Coefficient 2.6

of variation

vi). Effects of Trichoderma asperellum and Tithonia diversifolia on number of leaves per

plant at 28 Days after Planting

Source Df Type 111 SS MSE F Value P>F
TRIAL

TOTAL 35 16.27

Block 2 0.01 0.02 0.02

Ta 2 1.24 0.62 5.84 0.009

Td 3 11.19 3.73 35.00 <.001

Ta.Td 6 1.48 0.24 2.32 0.069

Error 22 2.3 0.11

Coefficient 2.7

of variation
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vii). Effects of Trichoderma asperellum and Tithonia diversifolia on number of leaves per

plant at 42 Days after Planting

Source Df Type 111 SS MSE F Value P>F
TRIAL

Total 35 114.90

Block 2 0.26 0.13 1.62

Ta 2 10.74 5.37 64.53 <.001

Td 3 96.54 32.18 386.38 <.001

Ta.Td 6 5.51 0.91 11.03 <.001

Error 22 1.83 0.083

Coefficient 1.6

of variation

viii). Effects of Trichoderma asperellum and Tithonia diversifolia on number of leaves per

plant at 56 Days after Planting

Source Df Type 111 SS MSE F Value P>F
TRIAL

Total 35 262.07

Block 2 0.01 0.01 0.07

Ta 2 3.67 1.83 22.98 <.001

Td 3 251.37 83.79 1047.72 <.001

Ta.Td 6 5.25 0.87 10.96 <.001

Error 22 1.75 0.07

Coefficient 1.1

of variation
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ix).Effects of Trichoderma asperellum and Tithonia diversifolia on number of leaves per

plant at 70 Days after Planting

Source Df Type 111 SS MSE F Value P>F
TRIAL

Total 35 161.82

Block 2 0.49 0.24 0.53

Ta 2 11.78 5.89 12.55 <.001

Td 3 106.21 35.40 75.46 <.001

Ta.Td 6 33.01 5.50 11.73 <.001

Error 22 10.32 0.46

Coefficient 1.9

of variation

x). Effects of Trichoderma asperellum and Tithonia diversifolia on number of leaves per

plant at 84 Days after Planting

Source Df Type 111 SS MSE F Value P>F
TRIAL

Total 35 739.58

Block 2 1.01 0.50 0.80

Ta 2 511.04 255.52 403.90 <.001

Td 3 169.61 56.53 89.37 <.001

Ta.Td 6 43.99 7.33 11.59 <.001

Error 22 13.91 0.63

Coefficient 1.7

of variation
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xi). Effects of Trichoderma asperellum and Tithonia diversifolia on fruit length

Source Df Type 1SS  MSE F Value P>F
TRIAL

Total 35 99.68

Block 2 0.08 0.04 1.59

Ta 2 0.90 0.45 16.53 <.001

Td 3 96.52 32.17 1179.77 <.001

Ta.Td 6 1.56 0.26 9.56 <.001

Error 22 0.600 0.02

Coefficient 3.7

of variation

xii). Effects of Trichoderma asperellum and Tithonia diversifolia on number of flowers

Source Df Type 1SS  MSE F Value P>F
TRIAL

Total 35 1278.05

Block 2 0.01 0.004 0.08

Ta 2 22.50 11.25 204.31 <.001

Td 3 1247.57 415.85 7551.55 <.001

Ta.Td 6 6.74 1.12 20.41 <.001

Error 22 1.21 0.06

Coefficient 15

of variation
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xiii).Effects of Trichoderma asperellum and Tithonia diversifolia on fruits per plant

Source Df Type 1SS  MSE F Value P>F
TRIAL

Total 35 144.59

Block 2 0.194 0.09 1.32

Ta 2 10.18 5.09 69.12 <.001

Td 3 112.07 37.35 507.12 <.001

Ta.Td 6 20.51 3.41 46.41 <.001

Error 22 1.62 0.07

Coefficient 2.5

of variation

iv). Effects of Trichoderma asperellum and Tithonia diversifolia on fruit diameter

Source Df Type 1SS  MSE F Value P>F
TRIAL

Total 35 30.004

Block 2 0.10 0.01 0.18

Ta 2 2.15 1.07 36.39 <.001

Td 3 25.87 8.62 290.67 <.001

Ta.Td 6 1.30 0.22 7.34 <.001

Error 22 0.65 0.03

Coefficient 53

of variation
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xv). Effects of Trichoderma asperellum and Tithonia diversifolia on fruit weight

Source Df Type 111 SS MSE F Value P>F
TRIAL

Total 35 351.12

Block 2 0.24 0.12 3.48

Ta 2 6.90 3.45 97.11 <.001

Td 3 339.39 113.13 3181.25 <.001

Ta.Td 6 3.79 0.63 17.77 <.001

Error 22 0.78 0.03

Coefficient 1.6

of variation

xvi). Effects of Trichoderma asperellum and Tithonia diversifolia on yield per plant

Source Df Type 11 SS MSE F Value P>F
TRIAL

Total 35 105079.55

Block 2 25.63 12.81 0.59

Ta 2 1860.92 930.46 42.60 <.001

Td 3 99553.53 33184.51 1519.20 <.001

Ta.Td 6 3158.92 526.49 24.10 <.001

Error 22 480.55 21.84

Coefficient 34

of variation
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xvii).Effects of Trichoderma asperellum and Tithonia diversifolia on Total soluble solids

Source Df Type 111 SS MSE F Value P>F
Total 35 99.03

Block 2 3.27 1.63 4.52

Ta 2 2.23 1.11 3.08 0.066
Td 3 81.29 27.09 74.77 <.001
Ta.Td 6 4.26 0.71 1.96 0.115
Error 22 7.97 0.36

Coefficient 5.7

of variation

xviii).Effects of Trichoderma asperellum and Tithonia diversifolia on ascorbic acid content

Source Df Type 111 SS MSE F Value P>F
TRIAL

Total 35 854.32

Block 2 3.27 1.63 0.86

Ta 2 118.64 59.32 31.03 <.001

Td 3 598.70 199.56 104.41 <.001

Ta.Td 6 91.64 15.27 7.99 <.001

Error 22 42.05 191

Coefficient 2.8

of variation
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xix). Effects of Trichoderma asperellum and Tithonia diversifolia on diseases severity

Source Df Type 111 SS MSE F Value P>F
TRIAL

Total 35 21914.02

Block 2 1.71 6.91 18.94

Ta 2 19481.45 13270.09 36333.79 <.001

Td 3 1459.89 880.94 2412.05 <.001

Ta.Td 6 884.18 406.34 1112.59 <.001

Error 22 86.78 0.36

Coefficient 4.2

of variation

xx). Effects of Trichoderma asperellum and Tithonia diversifolia on diseases incidence

Source Df Type 11 SS MSE F Value P>F
TRIAL

Total 35 13767.74

Block 2 50.06 25.03 1.30

Ta 2 11844.43 5922.21 306.84 <.001

Td 3 968.26 322.75 16.72 <.001

Ta.Td 6 480.38 80.06 4.15 0.005

Error 22 424.62 19.30

Coefficient 8.9

of variation
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Appendix B: Field layout

Block 1
2.1M
«—
1.2M Tal Tal Ta3 Ta3 Ta2 Tal Ta2 Ta3 Tal Ta2 Ta2 Ta3
' Td2 Td1 Td2 Td4 Td3 Td3 Td2 Td1 Td4 Td1 Td4 Td3
1M
Block 2
v
Ta3 Ta2 Tal Ta3 Tal Ta2 Ta3 Tal Ta2 Ta3 Ta2 Tal
Tdl Td3 Td2 Td3 Td1l Td2 Td2 Td3 Td4 Td4 Td1 Td4
Block 3
Ta2 Tal Ta3 Ta2 Ta3 Tal Ta3 Ta2 Tal Ta3 Tal Ta2
Td1l Td2 Td3 Td4 Td4 Td1 Td1l Td2 Td3 Td2 Td4 Td3

A

33.3M

Figure 9: Experimental layout
KEY:
Ta - Trichoderma asperellum(Tal - OmL, Ta2- 40mL and Ta3 - 80mL)

Td - Tithonia diversifolia(Td1 - OmL, Td2 - 250mL, Td3 - 500mL and Td4 - 750mL)
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Appendix C. Published Article
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Effects of Tithonia diversifolia Extract and Trichoderma
asperellum on Growth and Yield of Strawberry Fruit (Fragariax
ananrassavarDuch)

Wanjukia, J.W.."* Gesimba, R.M.'&Wolukau, J.N !

{ Department of Crops, Hoertteulture, amd Soils, Faculty of Agriculture, Egerton University, .0, Box
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*Cﬂrre.tpfmdr'ng .-"IJTJ'.I']I’)F.' I-I-'E.I'ﬂ!ﬁ]’l’rjﬂ“ﬂﬁ @gmar'f.cfmz

Abstract

A study on the effect of Tithenfa diversifolta extracts and Trichodermo asperellum on growth, yield, and quality
af atrewiber ry Jruit (F re.rgurr'c.rx aonenerssaverrDuch ) was conaducted in Horticw! e, Research and Teach f”ff.r fedd,
Egerton University. The fieldd e speriment was laid out in o Randomized Complete Block design (RCBD) with 3
replications. There were two factors | Tithonta. diversifolia and Trichoderma asperellum. Tithonta diverst fol fa
was applied af four concentrations (OmLL, 250mLA, S00mLAL, and F50mLA ) while Trichederma. asperellum
was appliedd at three levels (OmL, 40mE and S80mL per 20 liters of water ). Data were subjected to Analysis of
Varfance (ANOVA) and sigriffcant treatment means separated wsing Turkey's Honestly Stgniftcant Difference
Tect at I* 2 0L035. Application of Tithenia diversifolia and Trichoderma asperelinm fnereased plant height, number
af deaves per plant, mumber of flowers per plant, number of fruite per plant, increased fruie length and diam eter,
aind toted yiedd per plant compered to the controd,
Keywords: strawberry, yield, Tithonia diversifolia, Trichoderma asperellum,. Brix,
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