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ABSTRACT

BIOCONTROL OF Trichoderma spp. AND Saccharomyces cerevisiae AGAINST
Fusarium oxysporum f.sp. lycopersici IN TOMATO

RASUL, Shawen Zrar
M. Sc. Thesis, Department of Plant Protection
Supervisor: Assist. Prof. Dr. Emre DEMIRER DURAK
September, 2019, 75 Pages

This study discussed the effectiveness of the Trichoderma species and dry yeast
Saccharomyces cerevisiae in promoting tomato growth and managing Fusarium wilt
disease, and evaluated conditions in vitro and in vivo, with two methods (seed coating
and soil treatment). In vitro, the results indicated that Trichoderma virens significantly
inhibited the pathogen's mycelial development. Fusarium oxysporum f. sp. lycopersici
mycelium inhibition was more effective compared to T. harzianum (19.03 %), T.
asperellum (21.77 %) and T. virens (44.60 %). In vivo, all species of Trichoderma and
yeast also inhibited the development of Fusarium in tomato planting pots as indicated by
a reduction in the severity of the disease. T. virens had the lowest disease severity in seed
coating (10.22 %), but the highest was T. asperellum (53.33 %). However, the application
of S. cerevisiae with Trichoderma mixture of the highest severity of the disease was
found with S. cerevisiae and T. harzianum (58.33 %). According to the experimental
results, soil treatment with the Trichoderma species together did not give the disease any
severity (0), though; T. asperellum had the highest disease severity (25 %). Furthermore,
the best result was the application of S. cerevisiae with Trichoderma species in soil
treatment and had no disease. From the present in vitro and in vivo comparative studies, it
is evident that T. virens was the most efficient antagonist of the species Trichoderma to
F. oxysporum. Furthermore, T. harzianum, T. asperellum, and T. virens are capable of
controlling pathogen attacks in tomatoes and can be considered an applicable disease

control approach.

Keywords: Biological control, Fusarium oxysporum f. sp. lycopersici,
Saccharomyces cerevisiae, Tomato, Trichoderma spp.






OZET

DOMATESTE Fusarium oxysporum f.sp. lycopersici' nin Trichoderma spp. VE
Saccharomyces cerevisiae ILE BITYOKONTROLU

RASUL, Shawen Zrar
Yiksek Lisans Tezi, Bitki Koruma Anabilim Dali
Tez Danigmani: Dr. Emre DEMIRER DURAK
Eylil, 2019, 75 Sayfa

Bu calismada biyolojik miicadele elemanlar1 Trichoderma spp. ve kuru maya
Saccharomyces cerevisiae' nin tek ve kombinasyonlarmin domates bitkisinin gelisim
parametrelerine ve Fusarium solgunlugu hastaligma etkileri arastirilmistir. In vivoda
biyokontrol elemanlar1 tohum kaplama ve toprak uygulamasi olarak iki farkl sekilde
denenmistir. In vitro sonuglarina gore Trichoderma virens patojenin misel gelisimini
onemli oranda engellemistir. Fusarium oxysporum f. sp. lycopersici' yi sirasiyla T. virens
% 44.60, T. asperellum % 21.77 ve T. harzianum % 19.03 oraninda engellemistir. In
vivoda bitun Trichoderma tiirleri ve maya patojenin domates bitkilerindeki hastalik
siddetinde azalmaya neden olmuslardir. Tohum kaplama yonteminde T. virens uygulanan
bitkilerde patojenin olusturdugu hastalik siddeti degeri en diisiik (% 10.22) bulunurken T.
asperellum (% 53.33) en yiiksek degeri vermistir. Trichoderma tlrlerinin birlikte
kullanildig1 toprak uygulamasinda ise patojenin engellendigi belirlenmistir. Toprak
uygulamasinda digerlerine gére T. asperellum en yiiksek hastalik siddetine (% 25) sebep
olmustur. Ayrica, en iyi sonu¢ toprak muamelesinde S. cerevisiae' nin Trichoderma
tiirleri ile birlikte uygulandiginda gériilmiistiir. In vivo ve in vitro sonuglara gore T. virens
F. oxysporum' a en etkili antagonist olarak belirlenmistir. Ayrica bu calisma ile T.
harzianum, T. virens ve T. asperellum' un domateslerde patojeni kontrol edebildigi
belirlenmistir ve bu tiirler ile biyolojik miicadele uygulanabilir bir hastalik kontrol

yaklasimi olarak diisiiniilebilir.

Anahtar kelimeler: Biyolojik kontrol, Fusarium oxysporum f. sp. lycopersici,

Saccharomyces cerevisiae, Domates, Trichoderma spp.
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1. INTRODUCTION

Tomato (Lycopersicon esculentum) is one of the world's most famous vegetables
today (Rick, 1979). Its popularity as a source of vitamins A and C is due to its elevated
dietary value, distinct use and dietary value. This crop is also very essential for dieting
against prevalent cancers such as breast and prostate cancer (Barari, 2016). Solanum
lycopersicum the cultivated tomato is grown widely for its output. Tomatoes originated
in South America, but sometime in the 1500s were transferred to Europe, where they
quickly became popular and exported all over the world. Tomatoes have been known by
the name Lycopersicon esculentum for a long time, but the latest scientist’s actions have
shown that they really belong to the Solanum genus-as Linnaeus acknowledged when he
first described the species. Today, for the cultivated tomato researchers and crop
breeders all use the name Solanum lycopersicum. Tomato, Lycopersicum esculentum
(syn. Solanum lycopersicum and Lycopersicon lycopersicum) is an annual herbaceous
crop cultivated for its edible fruit in the Solanaceae family.

In many parts of the world, plant disease becomes the limiting factor in the
production of tomatoes when cultivars are not planted with resistance to numerous
diseases. Tomato diseases can be classified as parasitic caused by pathogenic
microorganisms and non-parasitic diseases caused by other abiotic factors
(physiological Disorders). Non-parasitic tomato diseases are triggered by extremes of
light, heat, soil moisture, soil and dietary imbalances, unfavorable relationships between
oxygen, atmospheric pollutants, herbicide, and other pesticides and lightning harm.
Bacteria, fungi viruses, viroid nematodes, and insects cause parasitic diseases. A
virulent pathogen and the proper environment must be present in order to develop a

susceptible part of a susceptible host (Al-Shugairan, 2008).

1.1. Tomato Diseases Caused By Fungi

Among the most common tomato diseases caused by fungi according to (Jones

et al., 1997) are stem canker or black mold (caused by Alternaria alternaria),
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anthracnose (caused by Colletotrichum spp.), black root rot (caused by Thielaviopsis
basicola), Fusarium wilt (caused by F. oxysporum f.sp. lycopersici), powdery mildew
(caused by Leveillula taurica), Septoria leaf spot (caused by Septoria lycopersici),
Verticillium wilt (caused by Verticillium albo-atrum and V. dahliae), white mold
(caused by Sclerotinia sclerotiorum), Rhizoctonia diseases and damping-off, root rot
basal stem rot (caused by Rhizoctonia solani). (Al-Shugairan, 2008).

1.1.1. Fusarium wilt disease of tomato

G.E. Massee was first described Fusarium wilt of tomato in England in 1895. It
has been reported in at least 32 countries around the world. In southern states in the
USA and Europe, the disease is particularly destructive in the field, but in northern parts
of the United States, it is limited by temperature variation to greenhouse crops (Walker,
1971). In particular, when favorable soil conditions are available, Fusarium wilt can
destroy tomato production under field conditions (Al-Shugairan and Mohammed, 2008).

The disease is caused by the vascular wilt fungus, F. oxysporum f. sp.
lycopersici (FOL). The fungus penetrates directly into the vascular tissue and colonizes
it (Inoue et al., 2002). After flowering and at the start of the fruit set, infestation often
happens on mature crops. Yellowing starts to appear on one side of a leaf and then on
the other half of the leaf all leaflets become yellow. Before maturation, an infected plant
often dies. In seedling infection the older leaves fall and curve downwards, the vascular
tissue darkens, and the plant fades and dies. The leaves yellow after blossoming in older
diseased crops. The vascular tissue is dark brown in the stem, but the pith stays healthy.
Infection of the fruit may occur, showing the same brown vascular discoloration (Mui-
Yun, 2003).

Vascular system browning is a feature of the disease and can usually be used to
identify it (Beckman, 1987). Fusarium is a type of genus producing macro-conidia,
micro-conidia, and chlamydospores in hyphomycetes (subdivision Deutromycotina).
Fusarium species are economically essential as pathogens on most plants cultivated
worldwide in agriculture, horticulture, and forestry. Some species are more located in
tropical or subtropical environments, temperate or cool, while others are cosmopolitan
(Al-Shugairan, 2008).
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In the culture of solid media like potato dextrose agar PDA, the various
extraordinary shapes of F. oxysporum may appear to shift. Commonly, the airborne
mycelium first appears white and then may change to a variety of shades-ranging from
violet to dim purple-agreeing to the strain or uncommon shape of F. oxysporum.in the
case of copious sporodochia, the culture may display color cream or orange (Smith et
al., 1988).

F. oxysporum is mainly distributed through short separations of water and
contaminated farm equipment from the water system. Furthermore, the fungus can be
distributed in contaminated transplants or soil over lengthy separations. Even though in
some cases the organism can contaminate the natural product and its seeds, it is
exceptionally uncommon to spread the organism by seed (Agrios, 1988).

All types of Fusarium oxysporum are saprophytic and can grow and survive in
the soil and rhizosphere of many plant species for lengthy periods (Garrett, 1970).
Furthermore, a few strains of F. Oxysporum are pathogenic to separate plant species,
when it invades the vascular system it penetrates the roots that induce either root-rots or
trichomycosis. Many other strains may penetrate roots, but they do not attack the

vascular frame or cause disease (Olivain and Alabouvette, 1997).

1.1.2. Control of Fusarium oxysporum

Diseases caused by Fusarium are difficult to control (Borrero et al., 2006;
Elmer, 2006). Several chemical fungicides are used to suppress the disease by causing
resistance, but they have a harmful effect on human health and are environmentally
dangerous. The use of chemicals as the only control technique can lead to non-target
impacts on populations of soil microorganisms. Soil microbes like Trichoderma
harzianum, T. asperellum, T. koningii, Penicillium spp. and Streptomyces griseoviridis
are a better option for chemicals residing in the plant rhizosphere and being able to
suppress pathogens and boost plant growth through phytohormone manufacturing and
complicated substrates degradation (Osuide et al., 2002; Syed et al., 2010; Borrero et
al., 2011).



4

Various fungi and bacteria, including current bio-control strains with recognized
activity against soil-borne fungal pathogens, as well as isolates from the roots and
rhizosphere of field-growing tomato crops have been evaluated for their effectiveness in
managing tomato wilt fusarium. Tomato seedlings have been treated within the nursery
with potential bio-control specialists and transplanted into pathogen-infested field soil.
Crop rotation is also used but is usually useless because of the pathogen's efficient
survival strategies. There is the potential to develop new races that can overcome the

resistance of cultivars (Anonymous, 2006).

1.2. Biological Control

Baker and Cook, (1983) defined the word biological control as reducing the
inoculum density or disease that produces the activity of a pathogen or parasite in which
one or more organisms are active or dormant, achieved naturally or by manipulating the
host or antagonist environment, or by mass introducing one or more antagonists. Agrios,
(2000) was described as the complete or partial destruction by other organisms of the
pathogen population.More closely, biological control relates to the purposeful use of
introduced or resident living organisms to suppress the operations and populations of
one or more plant pathogens, other than disease-resistant host crops.

In biological control techniques involving the use of biocontrol agents, the
potential for inoculum and host colonization by the pathogen could be impacted by the
number and activity of a biocontrol agent on and around the host plant (Vinale et al.,
2008). The methodology used during the soil-borne root pathogens biocontrol differs
significantly from disease to disease. The chosen antagonistic microorganisms can
generally be implemented in the following types: powder, transmitted straight to the soil
surface (Elad and Chet, 1987), suspension to dip the roots of seedling (Brammall,
1986), mixing directly with soil (Whipps, 2001; El-Tarabily, 2006), seed dressing or
coating of seed (Yuan and Carwford, 1995), some food substrates such as wheat bran
have been discovered to be effective in introducing antagonists to the soil as a media
(El-Tarabily, 2006).
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Tomato is affected by several diseases, negatively reflecting the improvement of
plants and crops. Especially out of these pathogenic parasites, the wilt caused by
Fusarium species remains a challenging administrative assignment. Trichoderma
species are well known for their biocontrol action against many plant pathogens, which
in the present rural situation causes significant problems. Trichoderma species are
known to produce corrupting chemicals from cell dividers that can be used for business
preparations. Some Trichoderma species genes can be used to resist biotic and abiotic
stresses such as salt, warm and dry season (Kuc, 2001). Trichoderma species are widely
used as bio-control experts as they have more advantages in plant development such as
enhancing plant development, expanding the extraction from the soil and reducing the
activity of soil-borne pathogens that have long-term effects on plant development
(Harman, 2004). Among the different species of the Trichoderma, T. Harzanum is
considered the leading effective specialist in bio-control (Gao et al., 2002). Since
Fusarium wilt is soil-born, it is not practical to use fungicides to control these
infections. Besides, chemicals pose serious health hazards to both an applicator and the
consumer of the material being treated. Biocontrol arrangements of parasites,
microscopic organisms, and yeast have been linked to seeds, seedlings and planting
media to decrease greenhouse and field disease with different degrees of success
(Sabuquillo et al., 2006).

1.3. Trichoderma spp.

Trichoderma species are well known for their bio-control action against various
plant pathogens that in the present agrarian situation cause serious problems.
Trichoderma species are known to generate enzymes that degrade cell walls that can be
used for commercial production. Some genes of the species of Trichoderma can be used
to resist biotic and abiotic stresses such as salt, heat, and drought (Kuc, 2001).

Trichoderma was introduced in the early 1930s as having the capacity to
biocontrol (Weindling, 1934). Trichoderma is an opportunistic, avirulent plant
symbionts fungus that acts as an antagonistic and parasitic fungus against many
pathogenic plant fungi and provides protection from plant diseases. Trichoderma spp.

has been proved in countless research. They are efficient biocontrol agents for plant
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disease management and are presently available as biopesticides or soil improvements
or as plant growth enhancers for Trichoderma commercial products (Papavizas, 1985;
Chet 1987; Harman, 2004; Vinale et al., 2008). The observation and basis of fungal
biocontrol today are based on Trichoderma spp. This fungus has attracted a great deal of
attention as a model of biocontrol (Chet, 1993). Experiments performed on several
crops such as peanut, tomato, cucumber, and durian show that chosen Trichoderma
strains may decrease important diseases induced by fungal pathogens including
Phytophthora palmivora, Rhizoctonia solani, Fusarium spp., Sclerotium rolfsii and
Pythium spp. Trichoderma species have a greater efficacy on soil-borne fungal disease
than fungicides and retain longer. The value produced through the growth, exploitation,
and use of Trichoderma products is not only plant disease control but has also provided
possibilities for local individuals to decrease health hazards, expenses and
environmental harm owing to over-use of fungicides. Also, crops treated with

Trichoderma grew better and yielded greater than without application.

1.3.1. Trichoderma spp. biocontrol mechanisms

Trichoderma spp. it is an efficient biocontrol agent against fungal pathogens.
They can behave indirectly by competing for nutrients and space by changing
environmental factors, or by promoting plant growth and plant defense and antibiotic
mechanisms, or directly by mechanisms such as mycoparasitic (Papavizas, 1985;
Howell, 2003; Vinale et al., 2008; Aydin, 2015).

1.3.1.1. Biocontrol by the nutrient and living space competition

Trichoderma spp., are fast-growing fungi with persistent conidia and a wide
range of use of substrates. They compete very well for nutrition and living space
(Hjeljord et al., 2000). Trichoderma spp. moreover, it is naturally resistant to many
toxic compounds, including herbicides, fungicides, and phenolic compounds. They can,
therefore, develop quickly and affect pathogens by generating metabolic compounds

that impede germination of spores (fungistasis), destroy cells (antibiosis), or alter the
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rhizosphere (E.g. acidifying the soil to prevent the growth of pathogens) (Benitez et al.,
2004).

1.3.1.2. Biocontrol by mycoparasitism

The direct interaction between pathogen and Trichoderma is called
mycoparasitism. Mycoparasitism is a complex mechanism generally involving the
production of a lytic enzyme from the cell wall (Chet et al., 1998), defined four
sequential steps in the process of mycoparasitism chemotropism and coiling, cell wall
penetration, and host cell digestion. Trichoderma strains detect other fungi, grow
directly towards them, and produce enzymes that degrade hydrolytic cell wall
sequentially. Trichoderma attaches to the host and coils around the host, creates
appressories on the host surface, penetrates the host cell and collapses the host hyphae
(Steyaert et al., 2003; Aydin and Turhan, 2009).

1.3.1.3. Production by Trichoderma spp. of antibiotics and secondary compounds

Trichoderma spp produces secondary compounds and antibiotics. Play an
important position in the antagonistic activity of biocontrol (Vinale et al., 2008; Ajitha
and Lakshmidevi, 2010). Antibiotics are often linked to the activity of biocontrol. The
first secondary metabolite discovered in Trichoderma spp. was the peptide antibiotic
paracelsin (Bruckner and Graf, 1983; Bruckner et al., 1984). Sivasithamparam and
Ghisalberti (1991) proposed that Trichoderma spp. produced secondary metabolites
could be grouped into three groups: (i) volatile compounds (e.g., 6-pentyl-alpha-
pyrone), (ii) water-soluble compounds (e.g., heptelidic acid), and (iii) peptaibol
compounds, These are linear oligopeptides made up of 12-22 amino acids that are rich
in alpha-aminoisobutyrate, N-acetylated in the N-terminus, and have an amino alcohol

group in the C-terminus.
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1.3.1.4. Enhancement of plant growth by Trichoderma spp

Trichoderma spp. not only are pathogens controlled, they also boost plant
growth and root development (biofertilizer) and enhance plant defense systems. It has
been shown that some Trichoderma strains penetrate the epidermis and create stable and
long-lasting root surface colonization (Harman, 2004). Trichoderma spp. the
development of lettuce, tomato, and pepper crops has been shown to be improved
(Vinale et al., 2006). Trichoderma spp. gluconic and citric acids were also produced,
soil pH reduced and phosphate solubilization, micronutrients and mineral elements such
as iron, magnesium, and manganese increased (Benitez et al., 2004; Harman et al.,
2004; Vinale et al., 2008).

Trichoderma species in particular soil-borne fungal pathogens play a major role
in controlling fungal plant pathogens. Using products based on Trichoderma is not only
safe for farmers and consumers, it is also good for the environment. However, much
more work must be done to develop formulations that are stable, cost-effective, easy to

produce and easy to apply.

1.4. Yeasts

Saccharomyces cerevisiae is considered to promote yeast for various plants as
new promising plant growth. It has become a positive alternative to chemical fertilizers
used safely in humans, animals and the environment in the last century (Omran, 2000).
Biological control of various plant diseases was mainly focused on bacteria or
filamentous fungi (Whipps, 2001). Thus, the application of yeasts as agents of
biocontrol acts as a new trend against various pathogens. The potential use of yeasts as
biocontrol agents of soil-borne fungal pathogens and as promoters of plant growth has
recently been explored (ElTarabily and Sivasithamparam, 2006). A wide range of yeasts
has been extensively used for the biological control of fruit and vegetable diseases after
harvest (Punja, 1997; Zheng et al., 2003), against moulds of stored grains (Petrsson et
al., 1999) and to control powdery mildews (Urquhart and Punja, 1997).

Yeast describes a wide range of unicellular fungi (Moyad, 2008).

Saccharomyces cerevisiae is one of the most widely used and studied yeast species and
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is widely known as the yeast of the baker or brewer. According to Herskowitz (1988), to
reproduce the S. cerevisiae are mostly asexual, with a budding period of approximately
1.5 hours. Notable features of S. cerevisiae include their capacity to grow in aerobic and
anaerobic conditions and undergo metabolic processes (Ter Linde et al., 1999).
Laboratory strains are also used as a model organism for all eukaryotic biology in
different fields of study (Botstein and Fink, 2011), yeasts are best grown in a neutral or
slightly acidic pH at optimal temperatures of 28-30 ° C under aerobic conditions with
adequate nutrient supply (O'Kennedy et al., 2008).

Saccharomyces cerevisiae yeast specie has been used as a bio-control agent for
soil-borne fungal plant pathogens F. solani and Rhizoctonia solani causing root-rot
disease (Shalaby and EI-Nady, 2008). The growth of the plant that promotes yeasts, S.
cerevisiae, Candida sake and Pichia membranifaciens were used as bio-control agents
for Fusarium wilt tomatoes under greenhouse conditions (Kamal et al., 2009).

The total number of soil yeasts is generally relatively low compared to the
number of bacteria and filamentous fungi (Phaff et al., 1978). Yeasts are common in
soils with a widely different texture, chemical composition, and moisture and pH values
at different geographical locations and under different climatic conditions (Do Carmo
Sousa, 1969; Alexander, 1977). Yeasts are especially numerous on the roots of certain
plants such as cabbage, maize, sugar beet and oat (Bab’eva and Belyanin, 1966;
Alexander, 1977; Phaff et al., 1978). Yeast populations are also affected by the depth in
the soil and are most numerous in the upper layers, from about 2 to 10 cm in depth
(Phaff et al., 1978). In summer, yeasts tend to be higher. The presence or absence of
capsules on yeast species inhabiting soils, particularly arid and semiarid species, can
affect the ability of yeast cells to survive under low humidity conditions (Spencer and
Spencer, 1997). The number of yeasts in the soil is highly dependent on the number of
nutrients available and is increased by adding metabolizable substances. Most of the
yeasts found in the soil were not fermenting species (aerobic) (Phaff and Starmer,
1987).

The antagonism mechanisms of yeasts involved in the biological control of
fungal plant pathogens were widely investigated in relation to leaves-related pathogens
(Fokkema et al., 1979; Sundheim, 1986; Buck, 2002; Urquhart and Punja, 2002), and in
relation to fruits (Wilson and Wisniewski, 1989; Droby and Chalutz, 1994; Filonow et
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al., 1996; El Ghaouth et al., 2002). Understanding the modes of action of the antagonists
among yeasts will assist not only to improve their efficiency as a result of enhancing
their efficiency as biocontrol agents, but also to develop rapid screening requirements
for superior biocontrol agents.

An increasing amount of research shows that yeasts in the rhizosphere can
increase the development of plant roots directly or indirectly (Nassar et al., 2005; EI-
Tarabily and Sivasithamparam, 2006; Cloete et al., 2009).

1.5. Research Purpose

This thesis is aimed at developing a methodology for the biological control of
tomato wilt disease induced by F. oxysporum f.sp. lycopersici. Laboratory experiments
on the inhibitory effects of Trichoderma species on the growth of tomato Fusarium
direct causal agent wilt (Fusarium oxysporum f.sp. lycopersici). Evaluation and
comparison of Trichoderma and Saccharomyces cerevisiae applications techniques (soil
and seed treatments) to determine the bio-agents effectiveness in decreasing the disease.
Estimate the effectiveness of Trichoderma species native isolates in promoting tomato
development parameters and managing Fusarium wilt infection under in vitro and in

vivo conditions. Evaluate yeast to control tomato Fusarium wilt diseases.



2. LITERATURE REVIEW

Chaur- Tsuen Lo (1998), was studied the general mechanisms of action of
microbial biocontrol agents. Understanding the mechanisms of biological control of
plant diseases through the interactions between antagonists and pathogens may allow us
to select and construct the more effective biocontrol agents and to manipulate the soil
environment to create a conducive condition for successful biocontrol. The mechanisms
of biocontrol may involve and be divided into (i) antibiosis, (ii) competition, (iii)
mycoparasitism, (iv) cell wall degrading enzymes, and (v) induced resistance. However,
these mechanisms of biological control are probably never mutually exclusive. They
may include one and more processes.

In the broader sense, (Gardener and Fravel 2002), used the term biological

control as they explained the current status of the study, business development, and
implementation of plant pathogens biocontrol techniques. They conclude by defining
prospects for the future for using biological control to reduce plant pathogen damage in
both conventional and organic agriculture.
Sharma et al. (2011), studied the various types of, fungal genus Trichoderma plays a
major role in controlling the plant diseases. The species of Trichoderma are known to
produce different kinds of enzymes that have a significant role in biocontrol activity like
cell wall degradation, biotic and abiotic stress tolerance, hyphal growth, antagonistic
activity against plant pathogens.

Sundaramoorthy et al. (2013), was evaluated the efficacy of the native isolates of
Trichoderma The species to promote the growth and yield parameters of tomato and to
manage Fusarium wilt disease under in vitro and in vivo conditions. Also, tomato plants
treated with Trichoderma harzianum (ANR-1) isolate showed a significant stimulatory
effect on plant height (by 73.62 cm) and increased the dry weight (by 288.38 g) of
tomato plants in comparison to other isolates and untreated control.

Efficacy of bio-control agents and organic amendments was evaluated by
Theradimani et al. (2018), for their potential to manage the Fusarium wilt of tomato
(Lycopersicon escluentum L.) caused by Fusarium oxysporum f. sp. lycopersici (FOL).

Yeast, Trichoderma viride, T. harzianum and Pseudomonas spp. were collected from
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tomato growing areas of Tamil Nadu, India, and tested for antagonistic activity against
the pathogen using a dual culture technique in Petri dishes. The field experiment
confirmed that Yeast 1 SA 2.5 kg ha-1 provided the best disease reduction over control
and increased fruit yield.

This study investigated the ability of ten Trichoderma isolates to control the
fusarium wilt pathogen of tomato, Fusarium oxysporum f. sp. lycopersici, as well as the
effect of these isolates on tomato plant growth in the presence and absence of the
pathogen. In the absence of the pathogen, none of the Trichoderma isolates consistently
increased all plant growth parameters. The biocontrol mechanism of these Trichoderma
isolates requires further investigation (Ghazalibiglar et al., 2016).

Demirer Durak (2018), studied the biological control of Rhizoctonia spp. from
pepper. In vitro tests the most effective isolates were determined as T. harzianum
(64,5%), T. viride (58,1%), T. virens (57,4%). According to in vivo test, while T.
harzianum was found to be the most effective species, T. viride and T. virens were
moderately, and G. roseum was the least effective genus.

Hesamadin (2010) studied the antagonistic effects of Trichoderma spp. against
F. oxysporum f.sp. lycopersici under pot condition and found that when antagonist
applied as a seed coating, could not reduce the disease significantly as wilt reduction
was only 23.7 %.

Devi et al. (2013), evaluated the Trichoderma spp. against F. oxysporum f. sp.
lycopersici for biological control of tomato wilt and found that seed coating with
different species of Trichoderma can significantly reduce the wilt incidence (34.47-
56.36 %) and also increase germination percent (65.56-77.78 %). Soil treatment and
seed + soil treatment proved better than seed treatment alone.

Sivan et al. (1987), found that when T. harzianum was applied as seed coating in
tomato seeds the crown rot incidence of greenhouse-grown tomatoes reduced up to 80
% by 75 days after sowing. Furthermore, S. cerevisiae utilized as a biocontrol operator
against soil-borne contagious plant pathogens causing root-spoil infection by Fusarim
solani and Rhizoctonia solani of sugar beet and also plant development advertisers were
ongoingly examined by ( El-Tarabily, 2004; El-Tarabily and Sivasithamparam, 2006;
Shalaby and EI-Nady 2008).
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Pandey and Upadhyay (1999), studied the chemical, biological and integrated
approach for the management of Fusarium wilt of pigeon pea and found that minimum
wilt incidence (10 %) and maximum disease control (81 %) has occurred when T. viride
applied as seed coating 0.01 % biomass powder (w/w). This treatment was followed by
seed coating with T. harzianum (c- isolate) with 13 % wilt incidence and 74 % disease
control.

Demirer Durak (2016), studied with T. harzianum, T. virens, T. asperellum, and
T. viride was isolated from the soil samples. At the in vitro tests, generally, it was
determined that Trichoderma isolates have inhibited to R. solani and in vivo, they were
reduced the effects of the disease and they were raised the development of the plant. In
particular, it was determined that some isolates of the T. harzianum and T. virens have
reduced the severity of the disease.

Singh et al. (2004), evaluated four antagonists viz., T. viride, T. harzianum, and
T. virens and Aspergillus nidulans as seed, soil and seed+soil treatment for the control
of tomato wilt disease caused by F. oxysporum f. sp. lycopersici under pot culture and
reported that seed coating of tomato seeds with T. viride, T. harzianum and T. virens
showed reduction in seedling mortality up to 85 % as compared to A. nidulans among
different combinations.

Pandey and Pandey (2005), observed that coating the tomato seeds with
bioagent T. viride was most effective against F. solani and Sclerotium rolfsii with 56.7
and 80.8 % seed germination, respectively. Whereas, T. virens was the best antagonist
against Rhizoctonia solani (71.7 %) and Macrophomina phaseolina (75.8 %) under pot
condition.

Verma and Dohroo (2005), tested six bioagents viz., T. viride, T. harzianum,
Pacellomyces lilacinus, G. virens, Laetisaria arvalis and P. fluorescens against F.
oxysporum f. sp. pisi under pot conditions on the pea. Among them, seed coating with
T. harzianum and T. viride were found most effective with 93.83 % disease control.

Mehra (2006) tested five antagonist fungi viz., T. viride, T. harzianum,
Chaetomium globosum, Aspergillus terreus and Penicillium cyclopium against F.
oxysporum f. sp. lycopersici under pot conditions and reported that tomato seed coated
with T. viride, T. harzianum and C. globosum showed higher seed germination 74, 72

and 68 % and disease control 71.5, 69.0 and 63 % over control.
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Gangopadhyay et al. (2009), studied the effect of fungicides and antagonists (T.
harzianum and T. viride) on Fusarium wilt of cumin and found that seed treatment with
talc-based formulation of bioagents could control 41 to 60 % wilt incidence.

Demirer Durak (2011), studied with 52 Trichoderma isolates were obtained from
strawberry plants. Trichoderma harzianum (28 isolates), T. virens (15 isolates), T.
asperellum (5 isolates) and T. rossicum (4 isolates) were identifed from the groups. In
the results of in vivo test, while T. harzianum was found to be the most effective
species, T. virens and T. asperellum were moderately, and T. rossicum was the least
effective species against Rhizoctonia spp.

Pan et al. (2009), reported that the application of Trichoderma as seedling dip +
soil application 75g/kg reduces the mortality of cabbage to root rot up to 25.57 % as
compared to 76.44 % mortality in control.

Kumar et al. (2010), studied the management of damping-off and powdery
mildew disease of sweet pepper and growth promotion by P. fluorescens and T.
harzianum and found that combined application of T. harzianum as seed biopriming +
root dipping showed growth-inducing effect up to crop maturity in sweet pepper .

Akkopri and Demir (2005), were investigated the effects of the arbuscular
mycorrhizal fungus (AMF) Glomus intraradices Schenck & Smith and four
rhizobacteria (RB; 58/1 and D/2: Pseudomonas fluorescens biovar Il; 17: P. putida; 21.:
Enterobacter cloacae), which are the important members of the rhizosphere microflora
and biological control agents against plant diseases, were examined in the pathosystem
of F. oxysporum f. sp. lycopersici [(Sacc) Syd. et Hans] (FOL) and tomato with respect
to morphological parameters (fresh and dry root weight) and phosphorous (P)
concentration in the roots.

Jamwal et al. (2011), studied the effect of biocontrol agents on wilt management
and plant growth of tomato by using fungal and bacterial biocontrol agent T. viride, T.
harzianum and P. fluorescens and found that dipping the tomato seedlings in bioagent
suspenssion of T. harzianum recorded least wilt incidence (5.6 and 6.0 %) followed by
T. viride (11.3 and 10.9 %) during two years.

Hadar et al. (1979), investigated that T. harzianum in the form of wheat bran
culture as soil treatment effectively controlled damping-off of bean, tomato and

eggplant seedlings caused by R. solani.
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Dutta and Das (2002), studied the management of collar rot of tomato by Trichoderma
spp. and chemicals and observed that soil application of FYM culture of T. harzianum
was most effective in inhibiting the mycelial growth (61.5 %) as well as sclerotial
production (90 %) of S. rolfsii.

Prasad et al. (2002), studied the effect of soil application of T. harzianum on
pigeonpea wilt caused by Fusarium oxysporum f. udum under field conditions and
found that soil application of T. harzianum at the rate 10 and 20 g/kg of FYM resulted
in disease incidence of 32.7 and 15.2 5 %, respectively.

Mishra et al. (2004), reported that an isolate of T. virens was antagonistic to F.
oxysporum f. sp. gladioli, a pathogen of gladiolus corm rot and wilt. The proliferation
and population density of the pathogen in the soil was significantly reduced after the
incorporation of T. virens along with FYM.

Rini and Sulochana (2006), studied the management of seedling rot of chilli
using Trichoderma spp. and P. fluorescens and revealed that soil application of FYM
based formulation of T. harzianum (TR20), and T. pseudokoningii (TR17) could
significantly reduce disease incidence 20 and 17.5 %, respectively.

Singh (2007) reported that soil application of talc based formulation of T. viride
and T. harzianum along with FYM significantly reduced severity of Fusarium wilt
disease of chilli up to 60 to 70 % under field condition.

Singh et al. (2007), evaluated different strains of Trichoderma for the control of
Fusarium wilt of tomato under greenhouse and field conditions and proved that soil
application of WBB formulation of T. viride strain TvSV-Il and TvSV-21 were most
effective with 22 and 24 % wilt incidence, respectively.

Demirci et al. (2011), studied with Forty-five fungal isolates were obtained from
sclerotia of Rhizoctonia solani on potato tubers. Some fungal isolates affected R. solani
by antibiosis and/or parasitism. Trichoderma harzianum isolates were able to overgrow
the mycelium of R. solani. Physical colony contact was observed between the remaining
21 fungal isolates and R. solani.

Kapoor (2008) tested efficacy of Trichoderma sp. against different soil borne
pathogens and found that wheat bran alone or in combination with FYM in the ratio of
1:1 and 1:2 respectively supported maximum multiplication of T. harzianum and soil

application of WBB formulation was found best delivery system in controlling the
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tomato root rot with 89.12 percent control followed by talc based formulation with
72.32 % control.

Sharma et al. (2003), found that the combined effect of Trichoderma spp. +
thiram was most effective in reducing the linseed wilt caused by F. oxysporum f. sp.
lini. Jambhulkar et al. (2011), studied the comparative efficacy of fungicides and
antagonists against Fusarium wilt of chickpea and reported that seed treatment with
combination of T. vride and carbendazim could significantly reduce wilt incidence
54.20 %.

Bhatnagar et al. (2013), studied the management of cumin wilt caused by F.
oxysporum f. sp. cumini through chemical and biological agents and found that
combined seed treatment of cumin seeds with carbendazim and T. vride resulted in only
10.6 % disease incidence.

Barari (2016) evaluated biocontrol of tomato fusarium wilt by Trichoderma
species under in vitro and in vivo conditions under in vitro conditions, the results
revealed that Trichoderma harzianum, isolate N-8, was found to inhibit effectively the
radial mycelial growth of the pathogen (by 68.22 %). Under greenhouse conditions, the
application of T. harzianum (N-8) exhibited the least disease incidence (by 14.75 %).
Also, tomato plants treated with T. harzianum (N-8) isolate showed a significant
stimulatory effect on plant height (by 70.13 cm) and the dry weight (by 265.42 g) of
tomato plants, in comparison to untreated control (54.6 cm and 195.5 g). Therefore, the
antagonist T. harzianum (N-8) is chosen to be the most promising bio-control agent for
F. oxysporum f. sp. lycopersici.

Ghazalibiglar et al. (2016), investigated the ability of ten Trichoderma isolates
to control the Fusarium wilt pathogen of tomato, Fusarium oxysporum f. sp. lycopersici,
as well as the effect of these isolates on tomato plant growth in the presence and
absence of the pathogen. The isolates were obtained from the Lincoln Bio-Protection
Research Centre Culture Collection and were inoculated into seed raising mix (0.5 %
w/w) in two glasshouse studies. Two Trichoderma isolates significantly (P<0.05)
reduced tomato Fusarium wilt incidence, as shown by 69 % fewer plants with vascular
discoloration. In the presence of the pathogen, one isolate significantly increased tomato

plant growth by 50 % or more. In the absence of the pathogen, none of the Trichoderma
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isolates consistently increased all plant growth parameters. The biocontrol mechanism
of these Trichoderma isolates requires further investigation.

Akrami and Yousefi (2015), were investigated biological control of Fusarium
wilt of tomato (Solanum lycopersicum) by Trichoderma spp. as antagonist fungi under
greenhouse conditions. Tomato cultivar inoculated with F. oxysporum f. sp. ciceri and
R. solani, showed greater wilt incidence, chlorosis of leaves and induced vascular
discoloration in roots. Soil administration with biocontrol agents adjusted the severity of
wilt in roots, substantially (P<0.01). The disease control was highest with a combination
of T. harzianum, T. asperellum, and T. virens (80-87 %) followed by binary
combination of Trichoderma. spp. (79-82 %), while the lowest control was done with T.
viride (65 %). It is concluded that T. harzianum, T. asperellum and T. viride could
control pathogen attacks in tomato and it can be considered as an applicable strategy in
control measures against pathogens.

Patel and Saraf (2017), studied the biocontrol efficacy of Trichoderma
asperellum MSST against tomato wilting by Fusarium oxysporum f. sp. lycopersici
this study was carried out to evaluate the efficacy of Trichoderma asperellum MSST to
promote the growth and yield parameters of tomato S-22, a susceptible variety. This
study was also undertaken to manage Fusarium wilt disease under in vitro and in vivo
conditions. A significant increase in vegetative parameters like root length, shoot
length, plant weight and chlorophyll content 60 days after sowing (DAS) were
observed. There was a reduction in the incidence of Fusarium wilt in tomato up to 85 %.
An increase in the level of total phenol, peroxidase, polyphenol oxidase, and
phenylalanine ammonium lyase activity on the 10th day of pathogen inoculation
showed enhancement of plant defense mechanism by T. asperellum MSST against FOL.
The Overall study revealed that isolate MSST was proven to be a potential biocontrol
agent showing induced resistance against FOL.

Wolebo et al. (2015), were studied the evaluation of antagonistic activities of
Trichoderma isolates against Fusarium wilt (Fusarium oxysporum) of tomato
(lycopersicon esculentum mill.) isolates. The pathogenicity of F. oxysporum was
determined on three different tomato varieties namely Cochoro, Miya and Fetane that
were grown in 20 cm plastic pots containing 3 kg of autoclaved soil under the

greenhouse. The antagonistic effect of Trichoderma isolates against the test pathogen
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was tested both in vitro and in vivo conditions. From the three tomato varieties, Miya
was more susceptible to F. oxysporum infection than both Cochoro and Fetane varieties.
The antagonistic effects of Trichoderma isolates on the mycelial growth of the test
pathogens, AUT9, AUT 8 and AUT10, showed 66 %, 61 %, and 58 % inhibition,
respectively, on the mycelial growth of F. oxysporum isolate. All Trichoderma isolates
achieved maximum mycelial growth at 25°C and minimum mycelial growth at 15°C.
From the current comparative in vivo and in vitro (greenhouse) studies it is evident that
the most effective antagonist of the Trichoderma isolates to F. oxysporum was AUT9
and the most resistant tomato variety was Fetane.

Prabha et al. (2017), were investigated the biocontrol effect of Trichoderma
viride against F. oxysporum on tomato vegetable crops under nursery study. In this
study, many types of fungal colonies were identified among the isolate the dominant
fungal pathogen and antagonistic fungi were selected. The biocontrol agent resulted in
an increase in soil fertility, control of minor pathogens and an increase in the general
health of plants, ultimately leading to an increase in plant metabolism. If enhanced the
growth producing stimulating factors.

Estifanos Tsegaye Redda et al. (2018), evaluated the antagonistic potential of
different 1solates of Trichoderma against Fusarium oxysporum, Rhizoctonia solani, and
Botrytis cinerea. The result indicated that the antagonistic potential of 380 isolates of
Trichoderma strains against Fusarium oxysporum, Rhizoctonia solani and Botrytis
cinerea were varied which inhibited Fusarium oxysporum ranges 10.12-70.70 %,
Botrytis cinerea (44.18-82.98 %) and Rhizoctonia solani (35.07-88.07 %). These
potential isolates of Trichoderma may be further exploited as a biocontrol agent against
F. oxysporum, R. solani and B. cinerea as well as other soilborne phytopathogenic
fungi.

Zaidi Sara et al. (2014), studied the effect of in vitro and in vivo Trichoderma
sp. (TR2) on the reduction of infection of the tomato variety (Elgon) contaminated with
Fusarium oxysporum f. sp. lycopersici. It could inhibit 95.09 % from the mycelial
growth of Fusarium oxysporum f. sp. lycopersici in comparison with test reference
during seven days of the incubation at 25 ° C. Interesting results were also obtained in
vivo: spraying tomato plants with a spore suspension of Fusarium oxysporum f.p.

lycopersici and Trichoderma sp. reduced the incidence of root and neck fusariosis
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compared to the untreated plants and inoculated ones by the pathogen. In addition,
plants treated with Trichoderma sp had a greater vegetative development.

Babychan and Simon (2017), studied the efficacy of Trichoderma spp. against
Fusarium oxysporum f. sp. lycopersici. (FOL) infecting pre-and post-seedling of
tomato. Under in vitro condition, the results revealed that Trichoderma isolate MiT-4
was found to be effectively inhibiting the radial mycelial growth of the pathogen by
58.4 %. Under the greenhouse condition application of Trichoderma isolates (MiT-1
and MiT-4) exhibits no wilt incidence in tomato seedlings. The germination of tomato
seeds is greatly influenced by Trichoderma isolate (MiT-3) over Fusarium oxysporium
f. sp lycopersici by 83.66 %. Application of Trichoderma isolates (MiT-3) on tomato
seeds, seedlings showed a significant stimulatory effect on a shoot and root height by
7.53 cmand 7.1 cm respectively which is higher than the control.

Andera S. Mohammed et al. (2008), investigated Laboratory and pot
experiments were conducted to evaluate the efficacy of Trichoderma viride, VA
mycorrhiza and, dry yeast, separately and in combination, as an integrated strategy of
Rhizoctonia disease management in potato crop. The challenge inoculation with T.
viride caused a significant reduction in vitro in the linear growth of Rhizoctonia solani,
particularly when it was performed closer to the time of pathogen inoculation. Except
for the number of stems, yield and growth attributes of potato plants infected with R.
solani were significantly affected. T. viride application significantly increased the
growth components (i.e., plant height, shoot fresh and dry weights, root fresh and dry
weights) and tuber yield (i.e., number and weight of tubers) compared to potato plants
inoculated with R. solani alone. The dry yeast appeared to be the least efficacious
biocontrol agent to Rhizoctonia compared to the other two organisms yet it also
significantly improved the disease situation of the infected plants. The combined effect
of T. viride and VA mycorrhiza with or without yeast excelled other treatments in the
alleviation of almost all tested facets of the disease development.

Fravel et al. (2003), studied among rhizosphere microflora, Fusarium
oxysporum is well known. Although all types are saprophytic, some are known to cause
wilt or root rots on crops, while others are considered nonpathogenic. Several
techniques have been created to characterize Fusarium oxysporum strains depending on

phenotypic and genetic traits. The study showed the wide diversity that affects
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Fusarium oxysporum's soil populations. Interactions between pathogenic and
nonpathogenic strains result in disease control in suppressive soils. Non-pathogenic
strains are therefore developed as agents for biocontrol.

Okungbowa and Shittu (2012), evaluated that the Fusarium species are vascular
wilt soil-borne pathogens, one of the most significant phytopathogenic and toxigenic
fungi. They are filamentous, belonging to the Ascomycetes class and Hypocreaceae
family. Typically, Fusarium species produce macroconidia and microconidia, as well as
mycelia and chlamydospores that act as propagules for host plants to be infected. It is
possible to divide the life cycle into dormant, parasitic and saprophytic phases. Most
species are harmless saprobes some species are parasitic, some of them on plants
produce mycotoxins. The disease is generally hard to manage as physical, chemical and
cultural control techniques are not only unsuccessful but also costly. Breeding for
resistant cultivars is the best control method. Also fungi of the rhizosphere like
Trichoderma harzianum, T. Asperellum, T. Koningii, and Penicillium spp. and the
disease has been controlled by Streptomyces griseoviridis.

Sreenu et al. (2017), was studied Fusarium oxysporum f. sp. lycopersici is the
causal organism that causes wilt disease in tomato all over the world. The least growth
of pathogen was recorded in Carbendazim (treated control) (94.00) followed by Neem
leaf (35.20) followed by Lantana camara (31.11), ginger bulb (26.31) and there was no
growth in carbendazim treatment in poison food technique. All treatments were
significantly decreased disease incidence.

Basco et al. (2017), studied the Biological management of Fusarium wilt of
tomato using vermicompost biofortified with selected biological control agents (BCAS)
i.e. Trichoderma harzianum, Pseudomonas fluorescens and Bacillus subtilis was the
hypothesis of this study. In vitro test showed that all the selected microbes were
antagonistic to F. oxysporum f. sp. lycopersici. The levels of different antioxidants,
different plant growth parameters, and incidence of disease were recorded at different
time intervals in designed treatments. According to the experimental results, significant
variations in a reduction of disease incidence, enhancement in plant growth, yield and as
well as higher stimulation of antioxidants were observed in tomato plants treated with
biofortified vermicompost as compared to the control. Maximum values were recorded

in plants treated with T. harzianum fortified vermicompost.
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Hooykaas et al. (2006), studied the yeast (Saccharomyces cerevisiae). It is one
of the best characterized eukaryotic organisms. This species has enabled a detailed
study of the (genetic) requirements for Agrobacterium-mediated DNA transformation.
For instance research with this yeast has led to the recognition that the transforming
DNA molecules integrate into the eukaryotic chromosomes either by homologous
recombination, which is the preferred pathway in S.cerevisiae, or by nonhomologous
end-joining. Based on the protocol for Agrobacterium-mediated transformation of S.
cerevisiae methodology has been developed for the transformation of many other yeast
and fungal species.

Sarhan et al. (2011), evaluated the Effect of bread yeast application and seaweed
extract on cucumber (cucumis sativus L.) plant growth, yield and fruit quality. The
results showed that spraying bread yeast or seaweed extract resulted in a positive
significant difference in shoot characteristics and in all yield traits as compared to
untreated treatment. The interaction between yeast and seaweed extract was
significantly enhanced by all detected traits. Since cucumber plant received 6 g.I-1
bread yeast and sprayed with a mixture of 0.33 ml.l-1 Alga 600 +2.5 ml.l-1 Sea force 2
were characterized by the highest values of all shoot and yield characteristics.

Applicability of Saccharomyces cerevisiae as a biocontrol agent of Fusarium
oxysporum and as plant growth promoter was investigated by (Shalaby, 2008).
Application of 5 g L-1 of yeast resulted in a reduction of the pre- and post-emergence
damping-off 6.67 and 11.67 %, respectively. Survival of treated plants increased to
83.33 % in comparison with 30.00 % for the pots inoculated with the pathogen
containing untreated seeds. Linear growth of F. oxysporum was inhibited with 39.52 %

and 50 % by using 5 g L-1 and 6.35 g L-1 of the yeast, respectively.






3. MATERIALS and METHODS

3.1. Materials

3.1.1. Test plant

The study was conducted using the tomato seeds (Lycopersicon esculentum)
Alsancak F1 hybrid which is the most widely grown tomato cultivar in the region.

3.1.2. Soil samples

Peat and perlite (1:1 w/w) were used.

3.1.3. Test pathogens

The Fusarium oxysporum f. sp. lycopersici and Trichoderma spp. (Trichoderma

harzianum, Trichoderma virens, Trichoderma asperellum), fungi were originally

isolated from tomato in Van, Turkey supplied by Yuzuncu Yil University in 2014.

Yeast was purchased commercially (Saccharomyces cerevisiae).

3.1.4. Media and water

Media and water sterilized for 15 minutes in autoclave at 121 ° C.

3.1.4.1. The culture media were used in the present study

In the studies conducted within the scope of this thesis, PDA, water Agar and

Yeast mannitol broth, Yeast extract media were used.
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Table 3.1 Chemicals and amounts required for PDA medium used

1000 ml of PDA broth (Dhingra and Sinclair 1985)

Chemical Amount
Potatoes 200 ¢
Dextrose 209
Agar 209
Distilled water 1000 ml

121 ° C for 15 min. autoclaved.

Table 3.2 Chemicals and quantities for water agar medium used

1000 ml water agar media (Barry et al. 1970)

Chemicals Amount
Agar 159
121 ° C for 15 min. autoclaved.

3.1.5. Working environments

The studies carried out within the scope of the master thesis were conducted in
vitro and in vivo. The studies conducted in vitro were carried out at Van Yiiziinci Y1l
University, Faculty of Agriculture, Plant Protection Department, Mycology
Laboratories. The studies in the in vivo environment were also carried out in Van
Yiiziinci Y1l University, Faculty of Agriculture, Department of Plant Protection,
Phytopathology climate room, The climate chambers were carried out at a temperature
of 25 to 27° C and 12 hours of light and 12 hours of darkness. Tomato plant cultivation

and pathogenicity test were carried out in such environments.
3.2. METHODS
3.2.1. Invitro
T. harzianum, T. virens and T. Asperellum were evaluated as antagonists in vitro
against F. oxysporum. All pairings were replicated three times. Mycelial disks (5 mm

diameter) were cut from 7 day old cultures of F. oxysporum and Trichoderma species

disk were placed on the opposite side of a plate 48 hours after inoculation with F.
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oxysporum, 15 mm from the Petri dish edge. PDA plates inoculated with Fusarium and
Trichoderma only served as controls. The inoculated plates incubated in the dark at 25
°C for 5 days and then were observed for overgrowth or other interactions.

Paired cultures have been incubated on incubator at 24° C for 5 days, then they
were scored for degree of antagonism on a scale of classes 1-5: (Bell et al., 1982).
1= Trichoderma completely overgrew the pathogen and covered the entire medium
surface.
2= Trichoderma overgrew at least two-thirds of the medium surface.
3= Trichoderma and the pathogen each colonized approximately one-half of the
medium surface ( more than one-third and less than two thirds) and neither organism
appeared to dominate the other.
4= the pathogen colonized at least two-thirds of the medium surface and appeared to
withstand encroachment by Trichoderma.
5= the pathogen completely overgrew the Trichoderma and occupied the entire medium
surface.

Paired cultures were observed for a total of 9 days before being discarded. the
researcher considered an isolate of Trichoderma to be antagonistic to the pathogen if the
mean score for a given comparison (when rounded to the nearest whole class number)
was < 2, but not highly antagonistic if the number was > 3. Selected organism was
recorded. Inhibition of the pathogens development in dual culture was assessed by two
parameters: the percentage inhibition of radial growth [100x(r1-r2) /r1] and the width of
the zone of inhibition (Z1) measured at the smallest distance between both colonies
(Figure 3.1). Zones of inhibition and inhibition of radial growth of the test organism by
the potential antagonist haven been analyzed using a randomized complete block (split-

plot) design with four replications.
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Test
organism

Potential
antagonist

Figure 3.1. Diagram of the mode of inoculation of agar plates with the test organism and
potential antagonist. Parameters for inhibition are the width of the zone of
inhibition (Z1) and the percentage inhibition of radial growth [100%(r1-r2)/
r1]. (Royse and Ries, 1977).

3.2.2. In vivo evaluations

Completely randomize designs of seed coating and soil treatment methods have
been accomplished in greenhouse and biocontrol effects of each Trichoderma and yeast
isolates mixture of Fusarium isolates:

1- F. oxysporum (F) alone.

2- Trichoderma harzianum (T1) alone.

3- Trichoderma virens (T2) alone.

4- Trichoderma asperellum (T3) alone.

5- Saccharomyces cerevisiae (S) alone.

6- T. harzianum + T. virens and T. asperellum.

7- T. harzianum + T. virens + T. asperellum and S. cerevisiae.
8- F. oxysporum + T. harzianum (T1).

9- F. oxysporum + T. virens (T2).
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10- F. oxysporum + T. asperellum (T3).
11- F. oxysporum + S. cerevisiae (S).
12- F. oxysporum + S. cerevisiae (S) + T. harzianum (T1).
13- F. oxysporum + S. cerevisiae (S) + T. virens (T2).
14- F. oxysporum + S. cerevisiae (S) + T. asperellum (T3).
15- F. oxysporum + T. harzianum + T. virens and T. asperellum.
16- F. oxysporum + T. harzianum + T. virens + T. asperellum and S. cerevisiae.

17- Control.

3.2.2.1. Seed coating method

Tomato seeds surfaced sterilized with 70% ethyl alcohol for 2 minutes followed
by several washings with sterilized water. Trichoderma isolates have been grown on
PDA at 24° C for 7 days. Spore concentration was determined by microscopic counting
in a hemocytometer. Trichoderma species were prepared at rate of 10’ conidium/ml
with hemocytometer. Arabic gum has been added to suspensions at a rate of 2%.
Tomato seeds were soaked with suspension for 10 minutes. Live commercial baker's
yeast (Saccharomyces cerevisiae) and dead culture (autoclaved) have been used. The
yeast grew in culture medium yeast extract and yeast mannitol broth for 5-7 days. The
yeast concentration was prepared at a rate of 10° cells/ml with hemocytometer. Arabic
gum was added to suspensions at a rate of 2%. Tomato seeds were soaked with
suspension for 10 minutes. Trichoderma and yeast coating seeds were transferred to
sterile paper. Seeds have been incubated one night at 25° C in an incubator.

Tomato seeds were sown in viols containing peat and perlite (1:1 w/w). After
two or three weeks of germination, seedlings were transferred to pots. During the
transfer, the pathogen has been inoculated to the seedlings. For this Fusarium isolate
has been grown on PDA at 24° C for 10 days. The spores were prepared by adding 10
ml of distilled water to the growing medium in the petri dish and then gently releasing
them with a sterile glass rod. The resulting suspension was transferred to a beaker, then

the concentration of the spores was determined under a microscope. The concentration
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of spores in the suspension was adjusted to approximately 10" conidia/ ml by adding
distilled water. Seedlings were inoculated with the root dipping method. The plants
have been removed from the pots and shaken gently, and the remaining soil particles on
the roots were washed away under the tap water and put in a spore solution and then put
aside for 10 minutes. The roots of the control plants were treated with distilled water for
the same period.

Three replications were kept for each treatment. The plants were grown in a
greenhouse, at a temperature range of 25 to 27°C, for up to 50-60 days. They received
10-12 hrs light and watered uniformly with tap water as required.

3.2.2.2. Soil treatment methods

Firstly peat and perlite (1:1 w/w) were contaminated with bio-control isolates for
this method. Trichoderma isolates were grown on PDA at 24° C for 7 days. spore
counting with hemocytometer of fungi, 20 ml of a Trichoderma suspension with 10’
spores/ml was poured into each pot. From the dry yeast, a 100 ml suspension at a
concentration of 2.5 gm/L was prepared and added to each pot. Sterile water was
applied to the control pots (Arafat et al., 2012). pots were kept in a greenhouse at 25 -
27°C for a few days. Pots were watered every day.

Tomato seeds were sterilized, sown to viols and transferred to pots when they
grew up. during the transfer process, the plants were inoculated with Fusarium isolate
as described above. Treatments were replicated three times. Six-eight weeks after
transplanting, all plant roots were cleaned and washed under running tap water. Disease
incidence and severity, and seedling survival were recorded. The disease rating scale
was as follows: 0 ¥4 healthy roots; 1 % slight brownings (usually at the tip of the root); 2
Y4 moderate brownings; and 3 ¥ severe browning. The experiment was repeated once.
The experimental design was a complete randomized block design with three replicates.
The parameters were measured plant height, fresh weights of shoot and root, which
were determined immediately after harvest, whereas the shoot and root dry weights

were determined after drying plant samples in an oven at 65°C for 48 hours.
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3.2.3. Statistical analysis

The results of various parameters obtained from the experiments have been

analyzed by statistical analysis using Duncan’s Multiple Range Test. (Gomez, et al.,
1984).






4. RESULTS

4.1. In Vitro Treatments

Cultural and characteristic of Trichoderma and Fusarium oxysporum isolates :
Fusarium sp. was incubated at an incubation temperature of 25 ° C on PDA media. The
colony appeared woolly to cotton, flat and spread. The color and pigmentation of the
isolate on the PDA medium were creamy white to light pink Figure 4.1. Fusarium sp. is
a slow-growing species that also agrees with this research in Figure 4.2. The Fusarium
sp. in general characterized by creamy white to creamy, light pink to violet and light
purple. Moreover, macro and micro-conidia characteristics that were thinly walled 3-5
septate, fusoid falcate macro-conidia with somewhat hooked apex and pedicellate base
confirmed the isolate identification (Joshi et al., 2013).

Figure 4.2. Growing of Fusarium oxysporum on PDA medium.
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The isolates Trichoderma were defined by the presence of rapidly growing
colonies producing white, green or yellow lesions on PDA medium and sporulating
stems with side-branched conidiophores with circular to oval-shaped green colored

spores (Figure 4.3).

-

Figure 4.3. Morphology of Trichoderma spp. isolates on PDA medium, A. Trichoderma
harzianum, B. Trichoderma asperellum, and C. Trichoderma virens.

4.2. In Vitro Biocontrol

All the Trichoderma species were tested inhibited mycelial growth of Fusarium
oxysporum in dual culture. There have been significant differences among the species of
Trichoderma. Growth inhibition of F. oxysporum was reduced by T. harzianum (T1)
(by 19.03 %), T. virens (T2) (by 44.60 %), and T. asperellum (T3) (by 21.77 %),
respectively. The antagonistic effect of Trichoderma species against the test pathogen
was shown in Table 4.1. and (Figure 4.5). Accordingly, Trichoderma virens showed that
the highest percentage inhibition of test pathogen growth with (44.60 %) compared
Trichoderma harzianum with a percentage inhibition of (19.03 %) was lowest, and

Trichoderma asperellum with (21.77 %), respectively.

Table 4.1. In vitro antagonistic activity of Trichoderma spp. against F. oxysporum f.
sp. lycopersici

N Antagonism
Treatments” Inhibition Rate (%6) (1-5 scale)
Mean + SD™ Mean + SD
F+T1 19.03 +7.86° 2.16 +0.40%
F+T2 44.60 +5.37° 3.00 +0.00°
F+T3 21.77 +14.83° 2.83 +0.40°
" F (Fusarium oxysporum),T1(Trichoderma harzianum), T2 (Trichoderma virens), T3 (Trichoderma
asperellum).

'SD: Standard diviasion.
:Data followed by the same letter are significantly different (P<0.05), according to Duncan’s multiple
range test.
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The difference between all applications and parameters is statistically significant
(P<0.05), as shown in Figure 4.4 and (Table 4.1). In the parameter, F+T2 and F+T3
have the highest values with (44.60 %), and scale (3.00), respectively. In general, the

F+T2 application was found to be significantly effective.

Inhibition rate

BF+T1 WMF+T2 WMF+T3

Figure 4.4. In vitro comparison of three species of Trichoderma's antagonistic activity
against F. oxysporum f. sp. lycopersici.

Figure 4.5. The antagonistic effect of Trichoderma species on the mycelial growth of
Fusarium oxysporum isolate in the dual culture technique A. T. virens+ F.
oxysporum B. T. harzianum + F. oxysporum C. T. asperellum+ F.
oxysporum and D. Control.

4.3. In Vivo Treatments

4.3.1. Seed coating

Two techniques have evaluated the efficacy of the parameters used in this

experiment: In the first technique, seed coating applications were investigated.
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As early as 45 days after seed potting, the effects of various Trichoderma species and
their application method on seedling growth promotion, and vigor were observed
(Figure 4.6).

Harvest and parameter analysis three plants were harvested 80 days after
transplantation from each treatment and the effect of each bioinoculant was registered
on different development parameters. Change in height of plant (cm), fresh weight (g),
and dry weight (g), Moreover, the results of this experiment revealed that T. harzianum
significantly increased plant height (by 94.00 cm), T. virens (by 103.66 cm), T.
asperellum (by 98.00 cm), S. cereviasiae (by 99.66 cm), T1+T2+T3 in conjunction (by
119.66 cm), S+T1+T2+T3 (by 94.50 cm), compared to untreated negative control (by
91.55 cm), and positive control (by 94.25 cm) (Figure 4.7) (Table 4.2).

Table 4.2. Effects of application groups on morphological development tomato plants

Treatment” Plant Height Plant Fresh Plant Dry Weight
m €lg t
(Cm) _ Weight (G) G)

C- 91.55+ 10.73? 68.18+ 20.31 9.03+ 3.34%°

C+ 94.25+ 6.70° 34.98+ 11.22° 3.99+ 1.19°

T1 94.00+ 7.54° 78.15+ 5.26° 33.48+ 5.55°

T2 103.66+ 9.07%° 87.64+ 8.13° 35.72+1.42¢

T3 98.00+ 9.53° 67.40+ 5.18% 25.05+ 2.53°

S 99.66+ 17.61° 39.50+ 25.13% 13.03+ 8.57°
T1+T2+T3 119.66+ 8.73° 60.76+ 9.89° 25.26+ 7.35°
S+ T1+T2+T3 94.50+ 17.44° 48.34+ 6.77° 13.22+ 3.31°

“: C(+): positive control C-: negative control T1: T. harzianum T2: T. virens T3: T. asperellum S:
Saccharomyces cerevisiae.

**. The difference between the means indicated by different letters in the same column is significant (P
<0.05), according to Duncan’s multiple range test.

Figure 4.6. Incubation in the climate chamber of tomato plant seedlings.
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As a result, T1+T2+T3 together showed that the highest development of height
plant (by 119.66 cm), but it did not have the same effect on the fresh and dry plant weight. T.
virens significantly increased fresh plant weight (by 87.64 g), and dry plant weight (by
35.72 g) that the largest growth proportion, compared with the T. harzianum, T.
asperellum, S. cereviasiae and untreated control (Figure 4.7). Application of dry yeast
alone provided a significant height improvement over the effect of pathogen
inoculation, but was still significantly shorter than other treatments to improve the

weight of fresh and dry plants. On the other hand, plant fresh weight was significantly

increased by yeast with Trichoderma spp. together (Figure 4.8) (Table 4.2).

tomato plants, A. Positive control, B. Negative control, C. S. cerevisiae, D.
T. harzianum, E. T. virens, F. T. asperellum .

Figure 4.8. Seed coating treatment effects of S. cerevisiae, on tomato root plants, A.
negative control, B. positive control, and C. Saccharomyces cerevisiae.

The antagonistic activity of Trichoderma spp. was investigated against the soil-

borne pathogenic fungi Fusarium oxysporum f.sp. lycopersici and the results were

summarized in (Table 4.3). The effect of Trichoderma species on tomato growth and the
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ability to reduce the effect of FOL when subsequently applied to the pot experiment
varied shown in (Figure 4.10). In the absence or presence of FOL inoculum, there have
been statistically significant effects of Trichoderma treatments on plant growth
parameters (Figure 4.9).

Table 4.3. The effect of Trichoderma species on the development of wilt disease in
tomato plant morphological development parameters, scale value and disease

severity
Plant height Plant Fresh Plant Dry Scale  Disease
Treatment” g Weight Weight Value Severit
(Cm) g g e rty
() () 03" (%)
C- 91.55+10.73% 68.18+20.31° 9.03+3.34® 0 0
C+ 94.25+ 6.70% 34.98+ 11.22° 3.99+1.19° 1.50 50
F+T1 106.00+23.45" 23.29+7.74® 3.28+1.22% 1.20 40
F+T2 100.20+4.43% 31.90+4.15° 5.57+2.83% 0.20 10.22
F+T3 82.40+8.17° 21.5145.48° 3.14+1.14° 1.60 53.33
F+T1+T2+T3 99.33+16.25% 76.65+6.02° 28.17+4.01° 1.0 33.33

e (+): positive control C-: negative control F: Fusarium oxysporum T1: T. harzianum T2: T. virens
T3: T. asperellum.

- Plants were evaluated using the 0-3 scale.

- Disease severity index was calculated by using percentage on the 0-3 scale.

"™ There are a difference between the means indicated by different letters (P<0.05), according to Duncan’s multiple
range test.

*k

120 -+

100

80

W plant height

H plant fresh weight
60 - .

= plant dry weight

M scale value
40 : ;

u disease veverity
20

F+T1 F+T2 F+T3 F+T1+T2+4T3

Figure 4.9. The effect of Trichoderma species on the development of wilt disease in

tomato plant morphological development parameters, scale value and
disease severity.
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Trichoderma spp. T. harzianum increased plant height significantly (by 106.00
cm), compared to T. virens and T. asperellum the highest in plant growth parameters,
but had no significant effects on plant fresh weight and plant dry weight compared to T.
virens increased plant fresh weight (by 31.90 g), and plant dry weight (by 5.57 g), T.
asperellum increased plant height (by 82.40 cm), plant fresh weight (by 21.5 g), and
plant dry weight (by 3.14 g), it was least of all. Although all three species of
Trichoderma, T. harzianum, T. virens, and T. asperellum were used together, plant fresh

weight (by 76.65 g) was significantly increased and plant dry weight (by 28.17 g) was

shown to be the highest in plant growth parameters (Figure 4.9).

Figure 4.10. The effect of Trichoderma species on the development of wilt disease in
tomato plant, A. F. oxysporum+T. harzianum, B. F. oxysporum+T .virens,
C. F. oxysporum+T. asperellum, D. F. oxysporum+T. harzianum+T.
virens+T. asperellum.

‘. =T o | — e

Figure 4.11. The effect of Trichoderma species on the development of wilt disease in
tomato plant roots, A. F.oxysporum+T. harzianum, B. F. oxysporum+T.
virens, C. F. oxysporum+T. virens, D. F. oxysporum+T. asperellum.

While F +T3 treatments had the highest results with 1.60 scales and 53.3%,

disease severity, F+T2 showed the lowest values with 0.20 scales and 10.22%, disease
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severity. In this group, the pathogenicity of the plant causing the most damage was
observed by F+T3 (Figure 4.11).

The total height and weight per pot were not significantly affected by the
different treatments, including inoculation with F. oxysporum, it was increased in
response to an application of T. asperellum with yeast S. cerevisiae (Table 4.4).
Treatment with yeast with F. oxysporum gave no improvement in the plant height ( by
87.75 cm), was compared used with Trichoderma spp. F+S+T1 (by 98.75 cm), F+S+T2
(by 99.50 cm), F+S+T3 (by101,25 cm) F+S+T1+T2+T3 (by 105.66 g). Treatments
F+S+T1+T2+T3 increased plant height (by 105.66 cm), and plant dry weight( by 17.12
g) that the largest growth proportion, but had no significant effect on plant fresh weight.
F+S+T1 significantly reduced the plant dry weight (by 11.22 g). On the other hand,
applications dry yeast with F.oxysporum produced the best plant fresh weight was
significantly increased (by 54.21 g), but F+S+T1 were significantly the least effective
treatment on plant fresh weight (by 37.40 g) respectively (Figure 4.12).

Table 4.4. The effect of Trichoderma and Saccharomyces cerevisiae against Fusarium
oxysporum f. sp. lycopersici on plant disease morphological development
parameters, scale value and disease severity

X Plant High Plant .Fresh Plant. Dry Scale Disea_se
Treatment (Cm) Weight Weight Valug* Sevellgy
(G) (G) (0_3) (%)
C- 91.55+10.73% 68.18+20.31° 9.03+3.34° 0 0
C+ 94,25+ 6.70° 34.98+ 11.22° 3.99+ 1,19 1.50 50
F+S 87.75+8.53% 54.21+22.19° 14.36+4.75° 1.50 50
F+S+T1 98.75+16.45° 37.40+12.46° 11.22+8.33° 1.75 58.3
F+S+T2 99.50+5.80° 50.63+3.75° 15.70+1.72% 0.25 8.3
F+S+T3 101.25+10.30° 52.64+16.24° 15.81+10.38% 0.75 25
F+S+T1+T2+T3 105.66+8.38° 47.96+23.40° 17.1243.48° 0.33 11.1

e (+): positive control C-: negative control F: Fusarium oxysporum T1: T. harzianum T2: T. virens
T3: T. asperellum. S: Saccharomyces cerevisiae.

. Plants were evaluated using the 0-3 scale.

. Disease severity index was calculated using percentage on the 0-3 scale.

FokkKk

multiple range test.

. Data followed by the same letter are significantly no different (P<0.05), according to Duncan’s
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Figure 4.12. The effect of Trichoderma and Saccharomyces cerevisiae against
Fusarium oxysporum f. sp. lycopersici on plant disease morphological
development parameters, scale value and disease severity.

While F+S+T1 treatments had the highest results with 1.75 scales and 58.3 %
disease severity index, F+S+T2 showed the lowest values with 0.25 scales and an 8.33
% disease severity index. In this group, the pathogenicity of the plant causing the most
damage was detected by F+S+T1. (Figure 4.13).

i g . ROV |
Figure 4.13. The effect of Trichoderma spp. and Saccharomyces cerevisiae against
Fusarium oxysporum on tomato root plant disease, A. F. oxysporum+S.
cerevisiae, B. F. oxysporum+S. cerevisiae +T. asperellum, C. F.
oxysporum+S. Cerevisiae +T. virens, D. F. oxysporum+S. Cerevisiae +T.
harzianum, E. F. oxysporum+S. Cerevisiae +T. harzianum+T. virens+T.

asperellum.

Bar I
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4.3.2. Soil treatment

The efficacy of the parameters used in this experiment was tested by two
methods: soil treatment applications were investigated in the second method. Individual
and mixture of biocontrol organisms evaluated significantly affected the morphological
development of tomato plants in greenhouse tests Figure 4.14. and results in Table 4.5

have been summarized.

Table 4.5. Effects of application groups on morphological development parameters of
tomato plants

* Plant Height Plant Fresh Weight Plant Dry Weight
Treatment (Cm) ) )

C- 91.55 +10.73% 68.18+20.31 9.03+3.34°

C+ 94.25+6.70° 34.98+11.22% 3.99+1.19%

T1 99.66+10.59° 87.96+10.80° 43.50+7.29°
T2 108.00+28.68% 81.59+15.06 40.13+16.68¢
T3 97.3316.42° 74.56+16.89° 21.33+10.78°
S 110.66+20.98° 71.61+28.06™ 20.46+3.78°
T1+T2+T3 111.66+10.50° 52.52+10.76° 8.35+4.10%
S+T1+T2+T3 98.33+5.50° 52.38+6.21° 18.18+3.40"

“: C(+): positive control C-: negative control T1: T. harzianum T2: T. virens T3: T. asperellum S:
iaccharomyces cerevisiae.

: There are a difference between the means indicated by different letters (P<0.05), according to
Duncan’s multiple range test.

The result is shown in Table 4.5 gives the significant increase in height plants in
treatment T1+T2+T3 (by 111.66 cm) as highest and least in T3 (by 97.33cm), and in a
seed coating we obtained the same result with T1+T2+T3 as a highest (by 119.66 cm),
but T. harzianum (by 94.00 cm) as a least.

Trichoderma spp. T1, T2, T3 and S. cerevisiae significantly increased plant
height compared with non-inoculated plant control but had no significant effects on
other plant growth parameters. In addition applications of T1+T2+T3 together were
most effective on plant height and highest, but had no significant effects on plant dry
weight and least (by 8.35 g), T. harzianum significantly increased plant fresh weight (by
87.96 g), and plant dry weight (by 43.50 g), as a highest respectively, but it had no the
same effects on plant fresh and dry weight in a seed coating treatment. Moreover, S.
cerevisiae was applied in a soil treatment given better results compare with the seed

coating treatment.
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Figure 4.14. Effects of application groups on morphological development parameters of
tomato plants, A. Control and T. harzianum, B. Control and T. virens, C.
Control and T. asperellum, D. Control and S. cerevisiae.

The antagonistic activity of Trichoderma species were screened against the soil
borne plant pathogenic fungi Fusarium oxysporum f.sp. lycopersici inoculated treatment
T. virens the plant high was increased (by 99.75 cm) as a highest, in tomato plant T.
harzianum (by 92.25 cm), T. asperellum (by 73.25 cm) was a least, and T1+T2+T3
together (by 99.00 cm), but T. harzianum was increased plant height (by 106.00 cm) as
a highest and T. asperellum (by 82.40 cm) was a least in a seed coating treatment.
However, treatments T1+T2+T3 together were increased plant fresh weight (by 68.67
g), and plant dry weight (by 25.04 g), was highest. The effects of Trichoderma species
against Fusarium oxysporum on tomato plant root was shown in Figure 4.16. In addition
species, T1+T2+T3 together gave the same result in seed coating treatments. T.
asperellum was significantly the least effective treatment in both seed and soil
treatments. T. virens was increased plant height but had no significant effects on plant
fresh and dry weight. When the results of the scale and severity of the disease were
investigated, it was seen that the highest isolate value T. asperellum (25 %), and
T1+T2+T3 together was the lowest value (0), (Table 4.6) (Figure 4.15). Wilt disease

symptoms on tomato plants caused by Fusarium oxysporum was seen in Figure 4.17.
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Table 4.6. The effect of Trichoderma species on the development of wilt disease in
tomato plant morphological development parameters, scale value and disease

severity

. Plant Fresh Plant Dry Disease

Treatment” Pla(rg:tnl;;lgh Weight Weight (ngl)e Severity
(G) G) (%)

C- 91.55+10.73"™"  68.18+20.31° 9.03+3.34% 0 0
C+ 94.25+ 6.70° 34.98+ 11.22° 3.99+1.19°  1.50 50
F+T1 92.25+8.00 ° 35.21+9.36 2 9.26+1.27% 0.50 16.66
F+T2 99.7549.74 " 37.94+7.29° 10524299%  0.25 8.33
F+T3 73.25+10.50 27.86+5.31 2 8.43+1.36 % 0.75 25
F+T1+T2+T3  99.00+14.00 ° 68.67+9.89 ° 25.04+1.32 ° 0 0

"1 C (+): positive control C-: negative control F: Fusarium oxysporum T1: T. harzianum T2: T. virens

T3: T. asperellum S: Saccharomyces cerevisiae.
™ Plants were evaluated using the 0-3 scale.
"™ Disease severity index was calculated.

. There are a difference between the means indicated by different letters (P<0.05), according to
Duncan’s multiple range test.

120
100
80 - m plant height
o plant fresh weight
60 -
plant dry weight
40 - M scale value
m disease severity
20 - ——
0 1
F+T1 F+T2 F+T3 F+T1+T2+T3

Figure 4.15. The effect of Trichoderma species on the development of wilt disease in
tomato plant morphological development parameters, scale value and
disease severity.
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Figure 4.16. Effects of Trichoderma species against Fusarium oxysporum on tomato
plant root F. oxysporum+ T. harzianum + T. virens + T. asperellum.

Figure 4.17. Wilt disease symptoms on tomato plants caused by Fusarium oxysporum.

On the other hand, infection with Fusarium oxysporum considerably decreased
plant height, with the addition of T.harzianum negating the impact with yeast. The
application of dry yeast alone resulted in a significantly lower improvement over the
effect of pathogen inoculation but was still significantly higher with other treatments
(Table 4.7) (Figure 4.18). The effect of T. asperellum and dry yeast Sachharomyces
cerevisiae on the plant dry weight were highest (by 46.84 g), compare with the other

treatments, but effects of Sachharomyces cerevisiae on fresh and dry plant weight alone
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against F.oxysporum was least (by 35.21, 10.22 g), but in a seed coating treatment
effects of Sachharomyces cerevisiae on fresh plant weight alone against F.oxysporum
was a highest (by 54.21 g).

Increase in the plant height and plant fresh weight parameters was highest (by
125.66 cm), and (by 78.66 g), in the plants treated by S+T1+T2+T3 with respect to the
untreated plant, but had no same effects on plant dry weight Figure 4.18, in the same
time isolates S+T1+T2+T3 increased height plant (by 105.66 cm), as a highest in seed

coating treatment.

Table 4.7. The effect of Trichoderma and Saccharomyces cerevisiae on plant disease
morphological development parameters, scale value and disease severity

R Plant High Plant Fresh Plant Dry Disease

Treatment (Cm) Weight Weight Scale Severity
G G) (0.3 (%0)
C- 91.55+10.73"""  68.18+20.31° 0.03+3.34® 0 0
C+ 94.25+ 6.70° 34.98+ 11.22° 3.99+ 1.19° 1.50 50

F+S 97.00+7.11° 35.21+9.36° 10.22+1.352 1.00 33.33

F+S+T1 89.00+7.81° 62.88+14.77°®  20.73+6.58"° 0 0
F+S+T2 97.66+10.01° 77.03+24.14° 22.636.77" 0 0
F+S+T3 98.00+11.78° 75.18. +12.07°  46.84+23.03° 0 0
F+S+T1+T2+T3 125.66+24.82° 78.66+25.18°  33.02+11.86™ 0 0

“: F: Fusarium oxysporum T1: T. harzianum T2: T. virens T3: T. asperellum S: Saccharomyces
cerevisiae.

™ Plants were evaluated using the 0-3 scale.

" Disease severity index was calculated.

"™ There are a difference between the means indicated by different letters (P<0.05), according to Duncan’s
multiple range test.
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Figure 4.18. The effect of Trichoderma and saccharomyces cerevisiae on plant disease
morphological development parameters, scale value and disease severity.

Figure 4.19. Applications effects against fusarium wilt disease on tomato root plants,
A. T. harzianum+T. virens+T. asperellum, B. F. oxysporum+ T.
harzianum+T. virens+T. asperellum, C. F. oxysporum+S. cerevisiae+ T.
harzianum+T. virens+T. asperellum.

Scale values were generally between 0 and 1 and the highest scale value was
found by F+S without Trichoderma, and disease severity was (33,33 %), but application
the dry yeast Saccharomyces cerevisiae with Trichoderma against soil borne plant
pathogenic fungi Fusarium oxysporum f.sp. lycopersici in soil treatment method gave
the highest significant development of tomato plant and suppressing the wilt incidence (
0), (Figure 4.19).

The difference between all applications and parameters is statistically not

significant (P<0.05), as shown in (Table 4.8). The antagonistic activity of Trichoderma
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spp. and yeast Saccharomyces cerevisiae was tested against soil borne pathogenic fungi
Fusarium oxysporum f.sp. lycopersici and the findings were summarized in Table 4.8.
compared both of seed coating and soil treatment techniques that yeast Saccharomyces
cerevisiae alone increased plant height (87.75 and 97.00 cm), plant fresh weight (54.21
and 35.21 gm), plant dry weight (14.36 and 10.22 gm), significantly increased plant
height in soil treatment to compare with seed coating but was still significantly shorter
than other treatments to improve the weight of fresh and dry plants. While S. cerevisiae
with T. harzianumt, T. virens, and T. asperellum were most efficient in seed coating
treatment at plant height to compare soil treatment, it did not have the same effect on
fresh and dry plant weight.In addition, Trichoderma spp. T1, T2, T3 and S. cerevisiae
together significantly increased plant height, fresh and dry plant weight in a soil
treatment compared with seed coating and non-inoculated plant control. Scale values
were normally between 0 and 1.50 and the highest scale value was found by F+S
without Trichoderma, and the highest disease severity was found by F+S+T1 (58.33 %)
in seed coating, but application the yeast Saccharomyces cerevisiae with Trichoderma
against soil borne plant pathogenic fungi Fusarium oxysporum f.sp. lycopersici in the
soil treatment method gave the highest significant development of tomato plant and

suppressing the wilt incidence (0).



Table 4.8. Comparison of seed coating and soil treatment against F.oxysporum with Trichoderma spp. and S. cerevisiae

Plant height Plant fresh weight Plant dry weight scale Disease severity
Treatments
Seed soil Seed soil Seed soil seed soil Seed soil
C- 91.55+ 10.73° 68.18+ 20.31° 9.03+ 3.34°
C+ 94.25+ 6.70° 34.98+ 11.22° 3.99+1.19° 1.50 50
F+S 87.75+8.53° 97.00+7.11*  54.21+22.19*  35.21+9.36° 14.36+4.75% 10.22+1.35% 1.50 1.00 50 33.33
F+S+T1 98.75+16.45° 89.00+7.81*  37.40+12.46° 62.88+14.77%  11.22+8.33% 20.73+6.58° 1.75 0 58.33 0
F+S+T2 99.50+5.80° 97.66+10.01*  50.63+3.75%  77.03+24.14*  15.70+1.72° 22.636.77° 0.25 0 8.33 0
F+S+T3 101.25+10.37? 98.00+11.78*  52.64+16.24*  75.18+12.07°  15.81+10.38*  46.84+23.03% 0.75 0 25 0
F+S+T1+T2+T3 105.66+8.38 125.66+24.82° 47.96+23.40°  78.66+25.18° 17.1243.48*  33.02+11.86° 0.33 0 11.11 0

“: C (+): positive control C-: negative control F: Fusarium oxysporum T1: T. harzianum T2: T. virens T3: T. asperellum S: Saccharomyces cerevisiae.

“*: Plants were evaluated using the 0-3 scale.
: Disease severity index was calculated.

*kkK

: There are a difference between the means indicated by different letters (P<0.05), according to Duncan’s multiple range test.
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5. DISCUSSION AND CONCLUSION

In order to maintain the quality and abundance of food, feed, and fiber produced
by farmers around the world, plant diseases must be controlled. Various approaches can
be used to prevent, reduce or control diseases of plants. The biological control of soil-
borne plant pathogens is a potential alternative to the use of chemical fungicides that
have already been shown to be environmentally harmful. Several strains of the
Trichoderma fungus under greenhouse and field conditions were isolated and found to
be effective biocontrol agents of various soil-borne plant pathogenic fungi. An increase
in plant growth was observed in all inoculated seedlings in the current investigation,
although the extent of plant growth in all treatments was different. Because of the
pathogen's soil-borne nature, it first attacks the host's root system and the root system of
Fusarium alone plants has also been poorly developed in the present investigation
compared with plants with bioagents. But perhaps due to Trichoderma spp. and dry
yeast's antagonistic and beneficial activity, Fusarium growth was checked and root
infection was reduced, producing healthier crops with a stronger root system.

Biological control includes the use of useful organisms, their genes and
products, such as metabolites, which decrease the adverse impacts of pathogens on
plants and promote positive plant reactions (Vinale et al., 2008). Suppression of disease
as mediated by agents of biocontrol is the result of interactions between plants,
pathogens and the microbial community (Vinale et al., 2008). Over the years, research
has been carried out to screen and test potential biocontrol agents in vitro and under
greenhouse and field conditions, as well as to develop improved delivery systems
(Donumbou et al., 2001; El-Tarabily and Sivasithamparam, 2006; Vinale et al., 2008).
Biological control using microbial antagonists has appeared as one of the most
successful options, either alone or as part of an integrated control approach to decrease
dependency on chemical pesticides (Whipps, 2001; Donumbou et al., 2001; Vinale et
al., 2008). Some of the most common and severe plant diseases are caused by soil-borne
fungal plant pathogens. Root diseases caused by these pathogens such as wilt, root rot,
collar rot, foot rot, pre- and post-emergence seedling damping are the main problems

that are becoming increasingly important in the world today and for which no direct
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control measures have been developed to date (Whipps, 2001; Schumann and D'Arcy,
2006). Fusarium spp. Is a common soil-borne plant pathogen and is the causative agent
of many economically valuable plants wilt disease (Jones et al., 1997). In most
agricultural soils, Fusarium spp. is a limiting factor in plant productivity. Tomato wilt
disease is a common problem in as well as almost every tomato field and greenhouse
(Jones et al., 1997). Fusarium oxysporum f. Sp lycopersici is the causal organism that
causes wilt disease in tomato all over the world (Sreenu et al., 2017).

(Crawford et al., 1993; Yuan and Crawford, 1995), used the dual culture
technique frequently to identify in vitro antagonisms between pathogens and
antagonists. This method's concept is focused on the antagonist's production of effective
metabolites, which diffuses into the agar medium and in tum inhibits pathogen
development. This method allows observations to be made on the antagonist's effects on
the agar culture's growth and survival of a pathogen.

Verma et al. (2017), researched that in the dual culture, the decrease in pathogen
mycelial development (Fusarium sp.) was significantly higher (p<0.05) relative to
pathogen control. It was probably due to the nutrient and space competition that was
available.

In this study, all the Trichoderma species were tested (T. harzianum, T. virens, T.
asperellum), inhibited mycelial growth of Fusarium oxysporum in dual culture. There
have been significant differences among the species of Trichoderma.

Similarly, in another study, all Trichoderma species inhibited the development of F.
oxysporum L-6 in dual culture. Zones of inhibition between pathogen colonies and
Trichoderma species were detected. The inhibition zone could be due to the effect of
diffusible inhibitory substances produced by the strains of Trichoderma, which
suppressed growth F. oxysporum L-6. The presence and size of the inhibition zone were
used as proof of antibiotic production by Trichoderma strains (Jackson et al., 1991;
Crawford et al., 1993).

Growth inhibition in our study of F. oxysporum was reduced by T. harzianum (T1)
(19.03 %), showed the lowest inhibition mycelial growth of Fusarium oxysporum. In
contrast, Singh, J.et al., (2011), studied through in vitro screening of three bioagents, an
extensive study was carried out to determine their potential as suitable bio-pesticides

against F. oxysporum f. sp. lycopersici. Data analysis showed that Trichoderma
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harzianum was very effective in controlling F. oxysporum f. sp. lycopersici where the
inhibition zone development was highest (75.9 %) accompanied by Trichoderma viride
and Trichoderma koningii with 67.7 and 55.6 % respectively inhibition zone.

In the present research Pathogenic radial mycelial growth was effectively
inhibited by Trichoderma harzianum (19.03 %). In addition, Seed coating of tomato
seeds with T. harzianum increased plant high (by 106.00 cm), fresh weight (by 23.29 g)
and dry weight (by 3.28 g).

Barari (2016 ), researched Trichoderma harzianum, isolate N-8, was found to
inhibit effectively the radial mycelial growth of the pathogen (by 68.22 %). Under
greenhouse conditions, the application of T. harzianum (N-8) exhibited the least disease
incidence (by 14.75 %). Also, tomato plants treated with T. harzianum (N-8) isolate
showed a significant stimulatory effect on plant height (by 70.13 cm) and the dry weight
(by 265.42 g) of tomato plants, in comparison to untreated control (54.6 cm and 195.5
g). Therefore, the antagonist T. harzianum (N-8) is chosen to be the most promising
bio-control agent for F. oxysporum f. sp. lycopersici.

Babychan and Simon (2017), found the findings revealed under in vitro
condition that Trichoderma isolate MiT-4 efficiently inhibited the pathogen's radial
mycelial growth by 58.4 %. There were no wilt incidences in tomato seedlings under the
greenhouse condition of Trichoderma isolates (MiT-1 and MiT-4).

The antagonistic effect of Trichoderma asperellum isolates against the test
pathogen, Fusarium oxysporum was induced in this study at a ratio of 21.77 % . In
another study the antagonistic activity of T. asperellum MSST against the pathogen
FOL was carried out by dual culture method. It has been observed that isolate MSST
inhibits the growth of FOL by (65 %), after 7 days of incubation (Patel and Saraf,
2017).

In the present research plant treated by Trichoderma harzianum isolate was
increased plant height (94.00 %), and increased plant dry weight (33.48 %), in seed
coating. However, in soil treatment Trichoderma harzianum isolate was increased plant
high (99.66 %), dry weight (43.50 %), it was highest. Similarly, Sundaramoorthy et al.
(2013), evaluated tomato plants also treated with Trichoderma harzianum (ANR-1)
isolate had a significant stimulating effect on plant height (73.62 cm) and increased dry

weight (288.38 g) of tomato plants compared with other isolates and untreated control.
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In our research seed coating and soil treatment with three Trichoderma species
(T. harzianum, T. virens, and T. asperellum) on the growth of the causal agent Fusarium
wilt (Fusarium oxysporum f.sp. lycopersici) caused disease decrease. In contrast,
Ramezani (2010), researched that the seed treatment of five species of Trichoderma (T.
harzianum, T. koningi, T. longiconis, T. hamatum and T. viride) on the growth of the
causal agent Fusarium wilt (Fusarium oxysporum f.sp. lycopersici) did not cause a
decrease in disease but soil treatment caused a decrease of 92 % in disease.

In the research, F. oxysporum development was inhibited respectively by the use
of dry yeast saccharomyces cerevisiae. Dry yeast increased plant height (87.75 %),
fresh weight (54.21 %) and dry weight (14.36 %) in seed coating treatment, but soil
treatment with dry yeast increased plant height (by 97.00 %), but reduced fresh and dry
weight (35.21- 10.22 %). Shalaby (2008), studied application of 5 g L-1 of yeast
resulted in a reduction of the pre- and post-emergence damping-off 6.67 % and 11.67
%, respectively. Survival of treated plants increased to 83.33 % in comparison with
30.00% for the pots inoculated with the pathogen containing untreated seeds. Linear
growth of F. oxysporum was inhibited with 39.52 % and 50 % by using 5 g L-1 and
6.35 g L-1 of the yeast, respectively.

Ghazalibiglar et al. ( 2016), investigated in the absence of the pathogen, none of

the Trichoderma isolates consistently increased all plant growth parameters. The
biocontrol mechanism of these Trichoderma isolates requires further investigation.
In the study Trichoderma spp. antagonistic effects on F. oxysporum f.sp. lycopersici
under pot condition and applied as seed coating could significantly reduce the disease.
In contrast, Hesamadin (2010) evaluated the antagonistic effects of Trichoderma spp.
against F. oxysporum f.sp. lycopersici under pot condition and applied as seed coating,
could not reduce the disease significantly as wilt reduction was only 23.7 %.

In the present research exanimate Trichoderma spp. against F. oxysporum f. sp.
lycopersici for the biological control of tomato wilt and seed coating with different
Trichoderma species can significantly reduce wilt incidence and increase plant weight,
fresh and dry, increases germination as well as observed. Devi et al. (2013), evaluated
the Trichoderma spp. against F. oxysporum f. sp. lycopersici for biological control of
tomato wilt and seed coating with different species of Trichoderma can significantly

reduce the wilt incidence (34.47-56.36 %) and also increase germination per cent
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(65.56-77.78 %). Soil treatment and seed + soil treatment proved better than seed
treatment alone.Sivan et al., (1987), found when T. harzianum was applied as a seed
coating in tomato seeds the crown rot incidence of greenhouse grown tomatoes reduced
upto 80 % by 75 days after sowing.

(El-Tarabily and Sivasithamparam, 2006; El-Tarabily 2004; Shalaby and El-
Nady 2008), examined the Saccharomyces cerevisiae utilized as biocontrol operator
against of soil-borne contagious plant pathogens causing root-spoil infection by
Fusarim solani and Rhizoctonia solani of sugar beet and also plant development
advertisers.

Verma and Dohroo (2005), studied seed coating with T. harzianum and T. viride
were found most effective with 93.83 % disease control under pot conditions on pea.
Mehra (2006), evaluated the under pot conditions tomato seed coated with T. viride, T.
harzianum and C. globosum showed higher seed germination 74,72 and 68 % and
disease control 71.5, 69.0 and 63 % over control.

Jamwal et al. (2011), studied T. harzianum was recorded least wilt incidence
(5.6 and 6.0 %) followed by T. viride (11.3 and 10.9 %) during two years of dipping the
tomato seedlings in bioagent suspenssion.

Mishra et al. (2004), investigated the proliferation and population density of the
pathogen in the soil was significantly reduced after the incorporation of T. virens along
with FYM.

In the present study least inhibition radial growth of Fusarium oxysporum was
recorded by Trichoderma harzianum in vitro. In contrast, Basco et al. (2017 ),
examinated maximum values were recorded in plants treated with T. harzianum fortified
vermicompost.

Akrami and Yousefi (2015) evaluated the disease control was highest with a
combination of T. harzianum, T. asperellum, and T. virens (80-87 %) followed by
binary combination of Trichoderma spp. (79-82 %), while the lowest control was done
with T. viride (65 %). It is concluded that T. harzianum, T. asperellum and T. viride
could control pathogen attacks in tomato and it can be considered as an applicable
strategy in control measures against pathogens.

Sara et al. (2014), studied that the interesting results were also obtained in vivo spraying

tomato plants with a spore suspension of Fusarium oxysporum f.p. lycopersici and
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Trichoderma sp. reduced the incidence of root and neck fusariosis compared to the
untreated plants and inoculated ones by the pathogen. In addition, plants treated with
Trichoderma sp. had a greater vegetative development.

The results agree with the idea that T. virens can promote plant growth by
preventing the pathogen's harmful effects and decreasing the disease level. Comparison
of applied Trichoderma spp. and yeast S. cerevisiae in soil and seed treatment has
resulted in more efficient use of soil treatment and stronger management of tomato wilt
disease. Moreover, further studies are required to confirm that Trichoderma induces
systemic resistance as a mechanism for biological control of tomato Fusarium wilt.
Also, applications of Trichoderma spp. were most effective against Fusarium
oxysporum f.p. lycopersici in a soil treatment to compare with seed coating treatment.

The direct evidence from this research suggests that Trichoderma species can be
used alone or with dry yeast Saccharomyces cerevisiae, would be an environmentally
friendly strategy to plant disease management. It is found from the results of the current
research that although all bio-control agents separately applied decreased incidence of
disease. As well as, the most successful biocontrol agent for Fusarium oxysporum f. sp.
lycopersici is the antagonist T. virens. Commonly known that environmental parameters
such as abiotic and biotic factors as well as other factors such as application technique
and timing may affect Trichoderma species biological control effectiveness. Based on
this research, plant disease biocontrol agents could be utilized to save health danger for
sustainable disease management programs. While several biocontrol agents were tried
against Fusarium wilt disease, including botanicals, this deadly disease could not be
completely controlled. In addition, a mixture of bioagents of different genera or a
mixture of fungal and bacterial bioagents with or without fungicides or botanicals must
be attempted to improve the level and extent of disease control under different

environmental and soil conditions.
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EXTENDED TURKISH SUMMARY
(GENISLETILMIS TURKCE OZET)

DOMATESTE Fusarium oxysporum f.sp. lycopersici' nin Trichoderma spp. ve
Saccharomyces cerevisiae ile BI'YOKONTROLU

RASUL, Shawen Zrar
Yiksek Lisans Tezi, Bitki Koruma Anabilim Dali
Tez Danigmani: Dr. Emre DEMIRER DURAK
Eylil, 2019, 75 Sayfa

o0z

Bu ¢alismada biyolojik miicadele elemanlar1 Trichoderma spp. ve kuru maya
Saccharomyces cerevisiae' nin tek ve kombinasyonlarmin domates bitkisinin gelisim
parametrelerine ve Fusarium solgunlugu hastaligina etkileri arastirilmistir. In vivoda
biyokontrol elemanlar1 tohum kaplama ve toprak uygulamasi olarak iki farkl sekilde
denenmistir. In vitro sonuglarina gore Trichoderma virens patojenin misel gelisimini
onemli oranda engellemistir. Fusarium oxysporum f. sp. lycopersici' yi sirasiyla T.
virens % 44.60, T. asperellum % 21.77 ve T. harzianum % 19.03 oraninda engellemistir.
In vivoda bitln Trichoderma tiirleri ve maya patojenin domates bitkilerindeki hastalik
siddetinde azalmaya neden olmuslardir. Tohum kaplama ydnteminde T. virens
uygulanan bitkilerde patojenin olusturdugu hastalik siddeti degeri en diisiik (% 10.22)
bulunurken T. asperellum (% 53.33) en yiiksek degeri vermistir. Trichoderma tdrlerinin
birlikte kullanildig1 toprak uygulamasinda ise patojenin engellendigi belirlenmistir.
Toprak uygulamasinda digerlerine gore T. asperellum en yiiksek hastalik siddetine (%
25) sebep olmustur. Ayrica, en iyi sonu¢ toprak muamelesinde S. cerevisiae' nin
Trichoderma tiirleri ile birlikte uygulandiginda goriilmiistiir. In vivo ve in vitro
sonuglara gore T. virens F. oxysporum' a en etkili antagonist olarak belirlenmistir.
Ayrica bu caligma ile T. harzianum, T. virens ve T. asperellum' un domateslerde
patojeni kontrol edebildigi belirlenmistir ve bu tiirler ile biyolojik miicadele

uygulanabilir bir hastalik kontrol yaklasimi olarak diisiiniilebilir.

Anahtar kelimeler: Biyolojik kontrol, Domates, Fusarium oxysporum f. sp.

lycopersici, Saccharomyces cerevisiae, Trichoderma spp.
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1. GIRIS

Domates (Lycopersicon esculentum), diinyanin en g¢ok iretilen ve tiketilen
sebzelerin basinda gelmektedir (Rick, 1979). Bu firiiniin tazesi, konservesi ve
kurutulmusu tiiketilebilmekte olup ayni zamanda son yillarda kansere karsi koruyucu
ozelligi bulundugu da bildirilmektedir (Barari, 2016).

Diinyanin bir¢cok yerinde bitki hastaliklar1 domates iiretiminde sinirlayici bir
faktor haline gelmistir. Domates hastaliklar1 patojenik mikroorganizmalarin neden
oldugu paraziter ve diger abiyotik faktorlerin (fizyolojik hastaliklar) neden oldugu

paraziter olmayan hastaliklar olarak simiflandirilabilir.

Domates Fusarium Solgunluk Hastahgi

G.E. Massee ilk olarak 1895 yilinda Ingiltere'de domateslerde Fusarium
solgunlugunu tanimlamistir. Hastaliga sebep olan etmen vaskiiler solgunluk fungusu
olan F. oxysporum f. sp. lycopersici (FOL)' dir. Fungus, dogrudan vaskiiler dokuya girer
ve orada kolonize olur (Inoue ve ark. 2002). Vaskiiler sistemde koyulagsma hastaligin bir

ozelligidir ve genellikle onu tanimlamak i¢in kullanilabilir (Beckman, 1987).

Fusarium oxysporum*un kontroli

Fusarium'un neden oldugu hastaliklar1 kontrol etmek zordur (Borrero ve ark.
2006; Elmer, 2006). Direnise neden olarak hastaligi bastrmak icin c¢esitli kimyasal
fungisitler kullanilir, ancak bunlar insan saglig1 lizerinde zararh bir etkiye sahiptir ve
cevre acisindan tehlikelidir. Kimyasallarin tek kontrol teknigi olarak kullanilmasi,
toprak mikroorganizma popiilasyonlar: ilizerinde hedef olmayan etkilere yol agabilir.
Toprak mikroorganizmalar1 olan Trichoderma harzianum, T. asperellum, T. koningii,
Penicillium spp. ve Streptomyces griseoviridis, bitki rizosferinde kalint1 birakan

kimyasallara gore daha iyi bir segenek olup patojenleri baskilayabilir ve fitohormon
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iretimi ile komplike substratlarin bozunmasi yoluyla bitki biiylimesini arttirabilir

(Osuide et al., 2002; Syed vd., 2010; Borrero ve ark., 2011).

Biyolojik Kontrol

Biyolojik miicadele bazi arastiricilara gore “bir organizmanin diger
organizmanin zarar verici aktivitelerini kontrol altina almas1” olarak tanimlanmaktadir.
Biyolojik mucadele mekanizmalar1 antibiyosis, yarigsma, hiperparazitizm, hipovirilens,
uyarilmig dayaniklilik ve ¢apraz koruma olmak fiizere alti ana baglik altinda
toplanmaktadir. Ayrica, biyokontrol organizmalarm bitkilerin kdklerindeki mikroflora
kompozisyonunu degistirmesi, bitkilerde dayaniklilig1 uyarmasi, besin maddesi alimmi
arttirmasi ve kok gelisimini tesvik etmesi ve bunlara bagl olarak bitki bliyiimesini ve

gelisimini arttirmasi gibi etkilerinin de oldugu bildirilmektedir.

Trichoderma spp.

Trichoderma tirlerinin, 1930'larm basinda biyolojik kontrol kapasitesine sahip
oldugu belirlenmistir (Weindling, 1934). Trichoderma, pek cok patojenik bitki
fungusuna kars1 antagonistik ve paraziter bir organizma gorevi goren ve bitki
hastaliklarindan korunma saglayan, firsatci, avirulent bir bitki simbiyont fungusudur.
Trichoderma tiirlerinin etkinliligi bir¢ok arastirmada kanitlanmustir. Bitki hastaligi
yonetimi i¢in verimli biyolojik kontrol ajanlaridir ve su anda ticari biyopestisitler veya
toprak iyilestirmeleri i¢in bitki biliylime arttiricilar1 olarak piyasada mevcuttur

(Papavizas, 1985; Chet 1987; Harman, 2004; Vinale ve digerleri, 2008).

Maya

Saccharomyces cerevisiae, eski ¢aglardan beri gidalarda kullanilan bir maya
tiirlidlir ve son arastirmalarda bitki biliylimesini tesvik edici 6zelligi de bulundugu
belirlenmistir. Son yiizyilda insanlarda, hayvanlarda ve cevrede giivenle kullanilan

kimyasal giibrelere olumlu bir alternatif haline gelmistir (Omran, 2000).
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Mayalarin ¢esitli patojenlere kars1 biyokontrol ajanlar1 olarak kullanilmasi yeni
bir trend olmustur. Mayalarin, toprak kaynakli fungal patojenlerinin biyolojik kontrol
ajanlar1 ve bitki biliyimesinin destekleyicileri olarak potansiyel kullanimi son

zamanlarda arastirilmistir (ElTarabily ve Sivasithamparam, 2006).

Arastirma amaci

Bu tezde, F. oxysporum f.sp. lycopersici' nin neden oldugu solgunluk
hastaliginin biyolojik kontrol imkanlar1 arastirilmistir. Trichoderma tirlerinin patojenin
gelisimi lizerine etkisi in vitroda test edilmistir. Bununla birlikte hem Trichoderma
turlerinin hem de Saccharomyces cerevisiae' nin in vivo kosullar altinda domates
bitkisinin gelisim parametrelerine etkisi ve hastali§i baskilama durumu iki yontemle

(tohum kaplama ve toprak muameleleri) denenmistir.

2. MATERYAL VE YONTEM

Materyal

Domates ¢esidi olarak yorede en ¢ok yetistirilen Alsancak kullanilmigtir. Patojen
Fusarium oxysporum f. sp. lycopersici ve biyokontrol Trichoderma spp. (Trichoderma
harzianum, Trichoderma virens, Trichoderma asperellum) funguslar1 Van Yiiziincii Yil
Universitesi Bitki Koruma Béliimii Mikoloji kiiltiir stogundan temin edilmistir. Ticari
kuru maya (Saccharomyces cerevisiae) diger biyokontrol organizma olarak
kullanilmistir. Calismada organizmalarin gelistirilmesinde patates dektroz agar, su

agar1, yeast mannitol broth ve yeast extract kullanilmistir.



69

Yontem

1. In vitro

T. harzianum, T. virens ve T. asperellum’ un antagonistik etkisi in vitroda F.
oxysporum' a kars1 denenmistir. Petri kaplarmma karsilikli ekim yOontemiyle yapilan
denemede antagonizmin derecesini belirleyen 1-5 skalas1 kullanilmistir.

Antagonizmin derecesini belirleyen 1-5 skalasi:

1= Trichoderma tamamen patojenin iizerinde gelismekte ve besiyerini tamamen
kaplamaktadir.

2= Trichoderma ortam yiizeyinin {igte ikisini kaplamaktadir.

3= Trichoderma ve patojen her ikisi de hemen hemen ortam yiizeyinin yarisini
kaplamakta ve hicbiri bir digerine baskin olamamaktadir.

4= Patojen ortamin tigte ikisini kaplamakta ve Trichoderma’nin baskisina
dayanmaktadir.

5= Patojen tamamen Trichoderma’nin iistiinde gelismekte ve yiizeyi kaplamaktadir.
Bu skalaya gore eger sonug <2 olursa Trichoderma izolat1 patojene kars1 yiiksek oranda
antagonistik ozellik gostermekte, >3 olursa antagonistik 6zellik yiiksek olmamaktadir
(Bell et al. 1982).

Fusarium izolatlarinin gelisiminin antagonist tarafindan engellenmesi asagidaki
formiil ile hesaplanmistir (Royse and Ries 1978).

RI= (R1-R2)/R1x100

Burada;

RI (inhibisyon oran1 %): Biiyiimenin antagonist tarafindan engellenmesi,

R1: Patojenin koloni yar1 ¢ap1

R2: Patojenin antagonist yoniindeki biiyiime yar1 ¢api.

2. In vivo

Iklim odasinda denemeler tohum kaplama ve toprak uygulamasi olarak iki

yontemle yapilmustr.
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Tohum kaplama yontemi

Tohumlar yiizeysel sterilizasyon islemine tabi tutulduktan sonra Trichoderma
tiirleri ile muamele edilmiglerdir. Bunun i¢in izolatlar gelistirilmis, hemositometre
yardimiyla spor konsantrasyonlari 107 konidi/ml olarak ayarlanmis ve %2 oraninda arap
zamk1 eklenen siispansiyon hazirlanmistir. Tohumlar 10 dakika siispansiyonda
bekletilmistir. Maya (Saccharomyces cerevisiae)' da besiyerinde gelistirildikten sonra
hemositometre ile 10° cells/ml olarak ayarlanmis ve %2 oraninda arap zamki eklenen
stispansiyonda 10 dakika bekletilmistir. Tohumlar bir gece inkiibatorde tutulmustur.
Viyollere ekilen tohumlar fide olunca saksilara sasirtilmis ve patojen ile inokule
edilmistir. Bunun i¢in gelistirilen Fusarium izolat: hemositometre ile 10" konidi/ ml
olarak ayarlanmis ve sasirtma islemi sirasinda bitkilere 10 dakika kok daldirma yontemi

uygulanmustir. Ug tekerriirlii kurulan deneme iklim odas1 kosullarinda yapilmustir.
Toprak uygulamasi yontemi

Bu kisimda biyokontrol izolatlar hazirlanan ortama bulastirilmistir. Gelistirilen
Trichoderma izolatlar: 10" spor/ml olarak hazirlamp 20 ml siispansiyon her bir saksiya
dokiilmiistiir. Maya ise 2.5 gm/L hazirlanip 100 ml siispansiyon olarak saksilara
dokiilmiistiir. kontrol saksilara ise steril su ilave edilmistir. Bu sekilde hazirlanan
saksilar iklim odasinda birkag¢ giin tutulmustur.

Domates tohumlar1 steril edilmis, viyollere ekilmis, gelistiklerinde saksilara
sagirtilmistir.  Sasirtma islemi swrasinda daha oOnce anlatilan sekilde Fusarium ile
bulastirilmiglardir. Alti- yedi hafta sonra biitlin bitkiler sokiilmiis, kokler yikanmis
hastalik siddeti skalas1 kayit edilmistir. Kullanilan skala: 0, saglikli kokler, 1, genellikle
kok uclarinda goriilen hafif kahverengilesme, 2, orta derecede kahverengilesme ve 3,
siddetli kahverengilesme. Ayrica bitki boylar1 6l¢iilmiis, yas agirliklar: tartilmis, 65°C'
de 48 saat tutulduktan sonra kuru agrlhklar1 da belirlenmistir. Duncan c¢oklu

karsilastirma testi kullanilarak istatistiksel analizler yapilmaistir.
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3. BULGULAR

In Vitro

Test edilen tum Trichoderma tirleri, ikili kiltirde Fusarium oxysporum'un
miselyel bliylimesini inhibe etmistir. Fakat Trichoderma tiirleri arasinda 6nemli
farkliliklar olmustur. F. oxysporum'un biiyiime inhibisyonu, sirasiyla T. harzianum (T1)
(% 19.03), T. virens (T2) (% 44.60) ve T. asperellum (T3) (% 21.77) ile azaltilmustir.

Buna gore, Trichoderma virens, test patojeninin gelisimini en yiiksek yiizde (%
44.60) ile inhibe etmistir.

In Vivo

1. Tohum kaplama

Bu denemede kullanilan organizmalarin etkinliligi 1iki teknik ile
degerlendirilmistir. Ik teknikte tohum kaplama uygulamalar1 incelenmistir. T1 + T2 +
T3 birlikte uygulandiginda bitki boyunun (119.66 cm) en yiiksek oldugu, ancak taze ve
kuru bitki agirhigr iizerinde ayni etkiye sahip olmadigi belirlenmistir. T. virens, diger
uygulamalar ile karsilastirildiginda taze (87.64 g) ve kuru (35.72 g) bitki agirhigini
onemli 6l¢tide arttrmustir. Patojen bulunan uygulamalarda T. harzianum, bitki boyunu,
T. virens ve T. asperellum'a kiyasla onemli 6lglide arttrmustir (106.00 cm), ancak
bitkilerin taze ve kuru agirliklar1 iizerinde anlamli bir etkisi olmamustwr. F +T3
denemesinde 1.60 skala ile % 53.3 en yiiksek, F+T2 uygulamasinda 0.20 skala ve %
10.22 hastalik siddeti ile en diisiik degerleri vermistir. Maya ile beraber T. virens
uygulandiginda skala degeri (0.25) ve hastalik siddetinin (% 8.3) en diisiik oranda
oldugu belirlenmistir. Maya ile F. oxysporum muamele edildiginde, bitki boyunda artis
olmazken (87,75 cm), F+ S+ T1(98.75¢cm), F+ S + T2 (99.50 cm), F+ S + T3 (10, 25
cm) F+ S+ TI1 + T2+ T3 (105.66 g) olarak belirlenmistir. F + S + T1 + T2 + T3 bitki
kuru agirhigm (17,12 g) arttirmis, ancak bitki taze agirhigi lizerinde 6nemli bir etkisi

olmamustir.
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2. Toprak uygulamasi

Tek olarak ve biyolojik kontrol organizmalarmin karigimi, iklim odasi
denemesinde domates bitkilerinin morfolojik gelisimini 6nemli Ol¢iide etkilemistir.
Sonug olarak, T1 + T2 + T3 muamelesinde boylarda belirgin bir artisin (111,66 cm)
oldugu ve en az T3 (97,33 cm) uygulamasinda oldugu belirlenmistir. T1 + T2 + T3
uygulamasi bitki boyu {izerinde etkili olmus ancak bitki kuru agirlig: tizerinde 6nemli
bir etkisi olmamistir. Patojen ile Trichoderma virens' in birlikte uygulandiginda en
yuksek bitki boyunun oldugunu (99,75 cm), F+T1+T2+T3 uygulamasinda ise en yiiksek
yas (68.67) ve kuru (25.04) agirlik degerlerine sahip oldugu, ayrica bu uygulamada
hicbir hastalik belirtisi gostermedigi belirlenmistir. Mayanin tek basina uygulandiginda
patojene etkisinin ¢ok yiksek olmadigi, fakat Trichoderma tarleri ile birlikte

uygulandiginda degerlerin yiikseldigi ve hastalik siddetinin O oldugu belirlenmistir.

4. SONUC

Diinyadaki ciftcilerin tirettigi gida iiriinlerinin kalitesini ve bollugunu korumak
icin bitki hastaliklarinin kontrol edilmesi gerekir. Bitki hastaliklarnin 6nlenmesi,
azaltilmasi1 veya kontrol altma alinmasi i¢in ¢esitli yaklasimlar kullanilabilir. Toprak
kaynakl1 bitki patojenlerinin biyolojik kontrolii, daha 6nce g¢evreye zararli oldugu
gosterilen kimyasal maddelerin kullanimina potansiyel bir alternatiftir.

Bu ¢alismada, test edilen tim Trichoderma tdrleri (T. harzianum, T. virens, T.
asperellum), Fusarium oxysporum' un miselyal biyumesini ikili kiltirde inhibe
etmistir. Bunun yanisira Trichoderma tiirleri arasinda antagonizm agisindan onemli
farkliliklar olusmustur. Fusarium oxysporum f. sp. lycopersici' yi sirasiyla Trichoderma
virens % 44.60, Trichoderma asperellum % 21.77 ve Trichoderma harzianum % 19.03
oraninda engellemistir.

In vivoda biyo organizmalar iki yontem ile denenmistir. Tohum kaplama
yonteminde T. virens uygulanan bitkilerde patojenin olusturdugu hastalik siddeti degeri
en disiik (% 10.22) bulunurken T. asperellum (% 53.33) en yiiksek degeri vermistir.

Trichoderma tdrlerinin  Dbirlikte kullanildig1 toprak uygulamasinda ise patojenin
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engellendigi belirlenmistir. Toprak uygulamasinda digerlerine gore T. asperellum en
yiiksek hastalik siddetine (% 25) sebep olmustur. Ayrica, en iyi sonug¢ toprak
muamelesinde S. cerevisiae' nin Trichoderma tirleri ile birlikte uygulandiginda
goriilmiistiir. In vivo ve in vitro sonuglara gére T. virens F. oxysporum' a en etkili
antagonist olarak belirlenmistir. Ayrica bu ¢alisma ile T. harzianum, T. virens ve T.
asperellum' un domateslerde patojeni kontrol edebildigi belirlenmistir. Mayanin etkisi
tek basma 6nemli olmazken diger izolatlarla birlikte uygulandiginda hem bitki gelisim
parametrelerinde hem de hastalik iizerinde 6nemli oranda etkili bulunmustur.

Bu arastirmadan elde edilen sonuclar, Trichoderma tiirlerinin tek basina veya
kuru maya ile kullanilabilecegini gdstermektedir. Saccharomyces cerevisiae, bitki
hastaliklarmin yonetimi i¢in ¢evre dostu bir strateji olacagini gostermektedir. Mevcut
aragtirma sonuglarina gore, tim biyo-kontrol ajanlar1 ayri ayri uygulandiginda da

hastalik siddetinin azaldig tespit edilmistir.
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