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ABSTRACT

[bookmark: _Hlk202353901]This study examined the fungal species responsible for rotting tomatoes in Enugu, Nigeria. Tomatoes are a vital part of the Nigerian diet, but fungal infections significantly impact their quality and safety. The study highlighted the significance of fungal diseases in tomato production. A total of six tomato samples were collected from three markets in Enugu State. Microbiological methods were employed in the isolation and characterization and identification of the fungal species present. The results showed that Aspergillus fumigatus was the most prevalent fungal species, accounting for 50% of the isolates, followed by Paecilomyces variotii (33.3%), Aspergillus niger (25%), and Aspergillus flavus (16.7%). The study highlights the need for proper handling and storage practices to prevent fungal growth and mycotoxin production. The observations of this research has implications for food safety and human health, as mycotoxins produced by these fungi can be toxic and carcinogenic. The study recommends regular examination of tomatoes for fungal contamination, proper agricultural practices, and education of farmers, handlers, and consumers on the risks of fungal contamination. Further research is needed to develop effective strategies for controlling fungal contamination and reducing the risk of mycotoxin production in tomatoes. Overall, this study contributes to the understanding of fungal contamination in tomatoes and highlights the importance of addressing this issue to ensure food safety and quality.
















CHAPTER 1
INTRODUCTION
1.1 Background
The present study is able to make a profound difference on current knowledge in the context of fungal pathology regarding tomato fungal infections. Nevertheless, fungal disease-causing organisms that trigger these fungal infections can lead to extraction and characterization granting scientists the ability to formulate interventions for prevention and management. Tomatoes are vulnerable to infection by a variety of fungi among the fungal pathogens that can infect tomatoes are Alternaria solani, Botrytis cinerea, and Fusarium oxysporum (Jones et al., 2017).
Some of the points of ingress for the problem include the susceptibility of the tomato to lesions, Insect vector (Smart and Fry, 2018). The fungal presence on a tomato can be identified by the softness of the tomato, the presence or the mold-like structure alongside change in coloration from being reddish to other light colors (Khan and Ahmad, 2019). The fungus multiplication on the tomato fruit, or the manifestation of the presence of fungi detrimental effects on the tomato fruit depends on the level of infection by the disease causing organism or by the pathogen (Jones et al., 2017). Also the mitigation on how the fungus grow or spread on part of the tomato or the leaves depends on the causal agent responsible for the fungi invasion, proper prevention and control measures are taken in consideration so as to prevent the further spread of fungi also eliminate existing fungus on tomato how to prevent it from spreading to other parts of a tomato or other parts of other tomato plants (Wang et al., 2020) by proper evaluation and proper analysis of several rotten tomato and diseased tomatoes scientists are be able to pick point specific organisms responsible for causing this fungi disease on a tomato leaves of fleshy fruits.(Patel and Saraf, 2021).
Results from previous research has helped scientist to understand how to tackle such fungi disease on tomato by bringing out strategic preventions and control measures which then to promote the yield of tomato alongside its qualities (Lewis et al., 2022).  The actions for several fungi diseases on tomato plant drastically reduced the yield of tomato production which was there by bringing about low quality tomatoes production (Alam and Hossain, 2020).
 In several studies of the pathogen of fungi, disease on tomatoes have proven that such diseases will occur or occurred based on some environmental factors alongside malnutrition of the tomato plant (Adhikari and Panthee, 2021). Some scientist cannot develop strategic techniques which can be used to enhance tomato production alongside tomato farming in order to prevent it from being attacked by fungal disease by creating a kind of variant resistant species which will tackle any fungi related issue thereby increasing the yield and quality.
1.2 Statement of the problem
The widespread spoilage of tomatoes due to fungal infections results in significant economic losses and food waste. However, the specific types of fungi responsible for rotting tomatoes in Enugu are not well understood. This knowledge gap hinders the development of effective fungal management strategies, exacerbating the issue. Therefore, this study aims to isolate and identify the fungal species associated with rotting tomatoes, providing valuable insights for improving tomato preservation and reducing food waste.
1.3 Aim
The aim of this study is to isolate and identify the fungal species responsible for rotting tomatoes.
1.4 Objective include to:
1. Collect and analyze rotting tomato samples from different sources.
2. Isolate fungal species from the collected tomato samples using appropriate laboratory techniques.
3. Identify the isolated fungal species using morphological, and cultural methods.
4. Determine the frequency and distribution of the identified fungal species among the collected tomato samples.
5. Provide recommendations for controlling fungal growth and reducing tomato spoilage based on the findings of the study.















	




	CHAPTER TWO
LITERATURE REVIEW
In the course of tomatoes farming, fungi has proven to be the major agent that causes the destruction of tomato plants due to its fast nature of growing and spreading, thereby bringing about loss of capital alongside wastage of time and resources (Byrne et al., 2022). Fungi isolation requires the use of some agar which has several district agar alongside potato dextrose which is used to isolate a particular fungus species for proper identification research and more understanding on its violent nature and how it transmits and causes infection to a tomato plant. In this chapter, proper evaluation of fungal characteristics around side the transmitter method of isolation is being captured and alongside the prevention and control.
2.1 Methods of Fungal Isolation
This elaborates more on the fungal isolation which involves isolating fungi from rotten tomato, sample culturing, growing and identification of its fungi species, morphology, propagation and transmission, adverse effect alongside economic importance (Keinath et al., 2021). Sabouraud dextrose agar or potato dextrose agar have been used over the years in culturing of fungi species due to that its nutrient level and also for the selection of fungi groups particularly in terms of growth they provide full environmental space for its growth along is spread, fungi is cultured under room temperature in a kind of humid environment which this agar provides (Foolad et al., 2020). Fungi can be cultured in a liquid medium known as broth, this also provide it with his nutrient for its proper growth (Kumar et al., 2019).
2.2 Types of Fungi associated with tomato spoilage
 Some of the fungi that have been discovered from rotten tomatoes include Botrytis cinerea and Fusarium oxysporum (Sherwood et al., 2021). Several kinds of fungi have been brought into isolation from rotten tomatoes including Alternaria solani, a common fungal pathogen that causes early blight in tomatoes (Ahmad et al.,   2019).
2.2.1 Alternaria solani
 Alternaria solani it is the pathogenic agent that causes a fungi disease which is called early blight a famous fungal infection of plants (Hossain et al., 2020). In this fungus, its sexual reproductive part involves conidia, which is used as a morphological identification for this particular fungus and it is propagated by wind.
2.2.2 Botrytis cinerea
Botrytis cinerea is a fungus also causes coloration on the fleshy aspect of a tomato. The coloration involves a gray mold color which is pigmented on the surface of the tomato or the leaf of the plant of tomatoes (Panchal et al., 2022). This can be identified from a sexual reproductive organs which is known as the conidiospores producing conidia (Kumar et al., 2019).  Fusarium oxysporum is a fungi that is commonly inhibiting the soil it is a soil organism which causes fusarum wilt of tomato plants(Fletcher et al., 2021). This fungus can be identified morphologically by the production of microconidia spores (Dees et al., 2020).
2.3 Factors Influencing Fungal Growth and Infection
 The growth of fungi involves several criteria alongside environmental factors such as the temperature space humidity nature medium and type of agar (Kumar et al., 2019).
2.3.1 Temperature
 Fungi growth in a simple medium is highly influenced by the temperature of that particular environment as it  doesn't grow in a very hot environment for very cool environment it grows within the temperature range of 20-30°C .
2.3.2 Humidity
 Humidity is also an important factor; most fungal pathogens grow best in humid environments .
2.3.3 pH
Another important factor that affects fungal growth and infection is the pH, the pH of 5.5-7.0 is good for the optimal growth of fungi .
2.4 Molecular Techniques for Fungal Identification
Molecular method is used for the isolation of fungus from rotten tomatoes. They involve sequencing of the fungus genetic material. This process is fast and very reliable but very expensive and hard to operate (Gao et  al., 2019).
2.4.1 Polymerase Chain Reaction (PCR)
 The Polymerase chain reaction (PCR) is a molecular technique which is applied for the identification of fungal species (Chen  et  al., 2020). PCR is a method of amplifying specific DNA sequences using primers and DNA polymerase. The products of PCR can be seen through gel electrophoresis and can be used to identify fungi by their unique DNA sequences (Khan et al., 2020).
2.4.2 DNA Sequencing
Fungi can be identified by employing the methods like DNA sequences which involve the sequence of the nucleotides of that particular fungi specie. It has proven to be one of the most effective ways of identifying and classifying fungi based on a DNA structure (Zhang et  al., 2019).
2.4.3 Types of Molecular Markers Used for Fungal Identification
There are several types of molecular markers employed for fungal identification:
1. ITS (Internal Transcribed Spacer) region: this marker is able to identify a particular fungi with ease it is one of the most efficient DNA marker that when you can prove effective. (Huang et al., 2020).
2. 18S rRNA gene: this marker involved the use of rrna Gene to identify a particular fungus species it is also very effective in fungal identification (Liu et al.,  2019).
3. β-tubulin gene: this type of Gene can be used to locate identify are classified a particular specie based on the B-turbulin gene. This is widely used this is effectiveness in fungi identification (Xu et al.,  2020).
 Some of the advantages of molecular techniques in the identification of fungi include:
1. Fast identification: fungal identification using molecular techniques as proven to be one of the most fastest way to identify fungi as it is not hard and does not require much work (Alvarez  et al., 2020).
2. Very precise: using molecular techniques less error is accommodated if at all none and they can easily identify that fungi with a lot of difference to differentiate them between them and other fungus.
3. Non-invasive method: allegations of fungus using molecular techniques has been shown to be safe as it does not eradicate or eliminate the fungus sample or changes it genetic makeup. .
2.4.4 Limitations of Molecular Techniques for fungal Identification
However, molecular techniques also have the following limitations:
1. Expensive: to make use of genetically molecular techniques it involves high consumption of capital as machines which are used in the process involves a lot of money to purchase nearby making it very high to afford.(Chen et al., 2020).
2. Inaccessibility: the molecular techniques involve series of large machines which cannot be easily found in areas that are not developed like Africa if available it will be only the few that can be seen and this will increase the cost of such usage but in essence genetical molecular technique machines or equipments like Uganda( Smith et al., 2020).
3. Susceptibility to contamination: fungi identification using molecular techniques is to be done in a sterile environment to avoid contamination which will affect the results obtained thereby giving false results (Johnson et al., 2020).
 2.5 Biological Control of Fungal Infections in Tomatoes
 This is one of the most effective way of controlling fungus in an environment this involves the use of living organisms such as bacteria, fungus, parasites, protozoans in controlling the population of a particular specie(Sharma et al., 2022). This leisure has been showed to be less expensive more effective are more safe to use in the environment bringing about high yield and productivity. Some biological control  agents, including Trichoderma harzianum, is being used to effectively tackle fungi diseases it is used as a bio agent. (Patel et al., 2021).
2.5.1 Types of Biological Control Agents
 There are several types of biological control agents that can be utilized to control fungal infections in tomatoes.  These include:
1. Fungi: Trichoderma harzianum is one of the most effective bio agent that tackles rotting tomato fungi diseases. It has proven to be more effective and less expensive and is widely used by scientists (Byrne et al., 2022). Its mechanism of action is by destruction of the focus cell wall which is made up of chitin, thereby eradicating the fungi attacks and this is done by secreting and enzyme that dissolves the cell wall.
2. Bacteria: Some bacteria, for example Pseudomonas fluorescens, have been found to effectively tackle fungal diseases on tomato plants by its antifungal activities. It eradicates fungus when present on the plant leaf or on the tomato fleshy fruits (Kumar et al., 2019).
3. Nematodes: Nematodes are natural predators for fungus as they consume and eradicate fungus from the tomato plants. Nematodes are those are tiny worms which by their bioactivity eliminates fungus from the plant leaves or fruits.                                                   
2.5.2 Advantages of Biological Control
The advantages of biological control over the conventional methods of controlling fungal diseases in tomatoes are as follows;
1. Environmentally friendly: Biological control is a sustainable and environmentally friendly way to manage fungal diseases in tomatoes.
2. Cost-effective: Biological control can be more cost effective than traditional methods of controlling fungal infections in tomatoes.
3. Targeted control: Biological control agents can be targeted to specific fungal pathogens, thus reducing the risk of harming beneficial microorganisms.
2.5.3 Limitations of biological control:
1. Variable efficacy: The efficacy of biological control agents can vary with temperature, humidity and soil type (Jones et al., 2017).
2. Shelf Control Life: (DuBose et al., 2019).
3. Unintended Shelf Consequences: Biological control agents can have side effects such as harming beneficial microorganisms or encouraging the growth of fungal populations that are resistant to pesticides (Paret et al., 2022).
2.5.4 Future Directions for Biological Control
 Although biological control has its restrictions, it is still a potential solution for the management of fungal diseases in tomatoes. Future research should concentrate on:
1. Improving on existing and developing new biological control agents: This means that researchers should still keep on identifying new biological control agents and enhance the efficiency of the current ones.
2. The mechanisms of biological control: More studies are required to understand mechanisms of (Panchal et al., 2021).
3. Combining biological control and other management techniques: This enhanced study suggests that biological control should be combined with other management techniques such as cultural practices and chemical control when trying to control fungal diseases in tomatoes (Fletcher et al., 2019).
2.6 Tomatoes Fungal Diseases
Fungal diseases are a major problem in tomato production leading to substantial economic losses of nutrients and the reducing fruit yield quality (Bhat et al., 2018). Several fungal diseases affect tomatoes; these include; early blight, septoria leaf spot, powdery mildew, fusarium wilt, anthracnose, and botrytis gray mold.
 2.6.1 Early Blight (Alternaria solani)
 This fungus disease destroy the tomato plant by a coloration which is dark in color which with time turns brownish thereby initiating the process of necrotic or death process on the tomato plants (Dhingra et al., 2017). This fungus disease tends to spread widely and fast to other area parts of the tomato plant alongside to another tomato plant. 
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Figure: 2.1: Early blight on Tomatoes
Source: Syed Danish Yaseen Naqvi













2.6.2 Septoria Leaf Spot (Septoria lycopersici)
This disease affect the tomato plant and cause a lot of damage to both the farmer and the consumer by reducing the yield and quality of the tomato. The disease comes as a dark spot like structure on the tomatoes which initiate tomato rot (Kaur et al., 2019). The fungi with time causes a necrotic damage on the tomato plant there by slowly turning into the reddish color of the tomato to yellowish in color and brings about the loss of leaves to the tomato plant.
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Figure: 2.2: Infected fruit
Source; Dr. Bruce Watt











2.6.3 Powdery Mildew (Oidium neolycopersici)
The powdery mildew is a very ubiquitous fungal disease which spreads fast among the tomato crops. This fungal disease is known to cause a white coloration on the flesh tip part of the tomato fruit alongside on the apical level of the plant which is the leaf and also on the root (Rao et al., 2018). Oidium neolycopersici  has been known to be the major pathogen that influences the powdery mildew which courses the destruction of the tomato leaf and the tomato fruit.












.[image: IMG_256]
Figure: 2.3: Powdery mildew of tomato
Source: Dan Egel











2.6.4. Fusarium Wilt (Fusarium oxysporum)
This is a common fungus disease that has been known to cause severe death of tomato fruits. It affects the tomato by the appearance of yellowing coloration on the body of the fruit which with time result to wilting which damages the tomato tissue causing necrosis also known as death of a tomato (Singh et al., 2018). Fusarium oxysporum has been known to be the major pathogen that initiates this tomato rot.
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Figure: 2.4: Fusarium with disease on tomato plant
Source: Clemson University










2.6.5 Anthracnose (Colletotrichum coccodes)
This type of tomato disease is very harsh due to is ability to produce very little lesions which are sunken on the fruit. (Tiwari et al., 2019). Colletotrichum coccodes is the main pathogen that brings about this infection on tomato thereby reducing the size and nature such as the quality of the tomato fruit.
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Figure 2.5: Anthracnose fruit rot on ripe tomato fruit
Source: Andy Wyenandt











2.6.6 Botrytis Gray Mold (Botrytis cinerea)
Botrytis is known to cause a coloration on the tomato Leaf and the tomato fruit which in color is gray. It is also classified as a mold which causes rotting of the tomato from the inside (Yadav et al., 2018). Botrytis cinerea is known to be the genesis of this infection it however reduces the rate of production of the tomato thereby reducing the yield alongside the quantity. It is a fungus that grows on the fleshy part of the fruit which is tomato.
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Figure: 2.6: Botrytis infection on tomato fruit, showing rotted tissue spores
Source: Shawn Butler, NCSU PDIC










2.7 Management and Control
 The following are some strategies that can be employed to manage and control fungal diseases on tomatoes:
1. Crop rotation: This can help break the disease cycle and minimize the chance of fungal diseases (Bhat et al., 2018).
2. Sanitation: this is being achieved by proper disposal of infected tomatoes and debris such as the plants the roots which have been infected already by diseases and also infected person should properly be taken to the medical center for proper care in order to avoid the spread of a particular infection. (Dhingra et al., 2017).
3. Irrigation management: Best irrigation practices should be achieved in order to prevent the spread of this fungi diseases, overhead irrigation should not be implemented this is done so as to prevent the spread or the fungus from one tomato plants to another. (Kaur et al., 2019).
4. Fungicides: fungicide used for eliminating wide range of fungus should be made available to use in order to prevent fungi diseases on a tomato leaf or the tomato fleshy fruit. (Rao et al., 2018).
5. Resistant varieties:  this is one of the safest method to prevent tomato fungi diseases this is achieved by introduction of resistant varieties of tomatoes which have high immunity to resist guide disease attack and in order to strive in an environment colonized by fungi this makes them possess the mechanism to make them to survive without being infected by the fungal disease (Singh et al., 2018).
6. Biological control: Trichoderma harzianum approving to be an active and efficient bio agent used in tackling fungi attacks on tomato fruits them alongside with other biological agents prevents on tomato fruits (Tiwari et al., 2019).

CHAPTER 3
METHODOLOGY
3.1 Study Site and Location
The study was carried out at Godfrey Okoye University, Enugu state. The samples were gotten from Ogbete market, Mami market and Abakpa market from tomato sellers. Both rotten and fresh tomatoes were selected. 
 3.2 Preparation of Culture Medium
Potato dextrose agar is a common microbiological basal growth media made from potato infusion, and dextrose is used for the growth of the fungi.
Materials: petri dish, conical flask, measuring cylinder 
Equipment: Autoclave
Medium: Potato dextrose Agar
Methodology:
Based on the manufacturer’s guide, 39 grams of the agar was suspended in 1000 ml of distilled water then the media was autoclaved at 121°C for 15 minutes to be sterilized. After sterilization, the media were poured into sterilized Petri dishes and left to solidify.
This agar was used to isolate and culture fungal pathogens.
CALCULATION FOR MEDIA PREPARATION;
1000ml   =39gram
240ml      = X gram
Therefore;
1000ml x X gram =  240ml x 39gram
1000X = 9360
1000      1000
Hence, 9.36 gram was dissolved in 240ml of water.
X = 9.36gram
3.3 Preparation of Normal Saline Solution
Materials: sterile container, stirring rod, weighing balance, distilled water
Equipment: autoclave
Media: Sodium chloride
Methodology: 8.5 grams of sodium chloride (NaCl) was measured using a weighing balance then the content of it was poured into a sterile container. One liter of distilled water was added to the container with NaCl. After that, the solution was gently stirred with a sterile stirring rod until all the sodium chloride had completely dissolved. The solution was autoclaved at 121°C for 15 minutes to sterilize it.
This normal saline was used to dilute fungal spores and prepare fungal suspensions. 
3.4 Sample Collection
Tomato samples were collected from various sections of Ogbete market, Mami market and Abakpa market all in Enugu state. The samples comprised of two fresh tomatoes and four rotten tomatoes already exhibiting visible growth of fungal species. Photographs of samples were taken for documentation purposes.
3.5 Preparation of samples
The tomatoes were thoroughly washed with a large volume of distilled water to remove any surface debris. The tomatoes were then crushed and homogenized, and their extracts were dissolved in test tubes containing distilled water using a serial dilution method. Six samples of tomatoes were prepared for each of the eight test tubes used in serial dilution. The diluted samples were inoculated on the potato dextrose agar using pour plate method.
3.6 Serial dilution
Serial dilution is one of the most old and usable method used in the isolation of fungi.
Materials: tomato samples, spatula, mortar, pestle, syringe, beaker, test tubes, test tube stands, media plates, conical flask, aluminum foil, micro pipette, wire loop, ethanol, tweezers, permanent marker
Equipment: autoclave, incubator
Methodology: 
3.6.1   Preparation of sample
The tomato samples were placed on the work surface and using a tweezer, the spoilt part of the tomato was picked and placed inside the mortar. Using a pestle, it was crushed into tinier bits, to release fungal spores and structures, making it easier to isolate and grow fungi.

3.6.2 Isolation of fungi
 For each of the tomato samples, 8 test tubes were placed on the test tube holder. Ten millimeters of distilled water was poured into the 1st test tube and then 9ml was poured into the remaining tubes and labelled. 1 gram of the tomato sample was placed into the 1st test tube (Master test tube) that contained 10ml of distilled water. Using a syringe the sample solution from the first test tube was distributed into the remaining test tubes in a sequential order. One millimeter of the sample solution was taken from the first tube and put in the second tube. This sequence was done for the remaining tubes. The prepared plates (PDA) were brought and the pour plate method was utilized. Using the micropipette, 5ml of sample solution was taken from one of the tubes for each sample and dropped on the media plates. The plate was twirled in a circular motion to allow the solution to spread round. The plates were left to solidify then placed on a surface at room temperature. 

3.6.3 Sub-culturing of fungi 
After four days, there was growth of fungi on the plates then sub-culture was carried out for isolation of pure culture. A new set of potato dextrose agar was prepared and poured into plates and Bijou bottles, they were allowed to solidify. A single piece of inoculum from each growth cultured plate was picked and inoculated on each fresh potato dextrose agar plates and Bijou bottles. After inoculation, the plates were incubated at 25°C for 7-10 days to allow the fungus to grow.

3.7. Identification of fungi
Slide culture is a rapid method of preparing fungal colonies for examination and identification. Fungal isolates are grown directly on the slide on a thin film of agar. Therefore there is no need to remove a portion of the fungus from a culture plate and transfer it to the slide. Identification of fungi depends largely on their macroscopic features (colony, characteristics, growth, rate, color, texture, aerial and submerged hyphae) and microscopic features (arrangement of spores and sporing bodies). Arrangements of conidiophores and the way in which spores are produced help in accurate identification of filamentous fungi. Materials: scalpel, glass slide, filter paper, petri dish, toothpicks, forceps, wire loop, conical flask 
Equipment: autoclave, microscope, weighing balance
Reagent: Lactophenol cotton blue, chloramphenicol
Media: Potato dextrose agar
Methodology:
3.7.1    Slide culture
1.8 grams of potato dextrose agar was weighed and turned into a conical flask and 30ml of distilled water was added with 0.05 gram of chloramphenicol and autoclaved for 15 minutes at 121°C. A sheet of sterile filter paper was placed in the petri dish, then two toothpicks were placed on the paper to form a V shape. Using a Pasteur pipette, distilled water was poured on the filter paper to hinder dehydration. A sterilized glass slide was placed on top of the toothpicks, then the prepared PDA medium was poured on to a petri dish and left to solidify. Using a sterilized scalpel blade, the agar was cut into small blocks and added to the surface of the glass slide which was placed on top of the toothpicks. Using a sterilized wire loop, the fungal isolate was collected and inoculated on the four quadrants of the agar block and a sterile cover slip was placed on it. It was then incubated at room temperature for growth, for 6-8 days. After incubation, the cover slip was removed using sterilized forceps, then it was placed on a clean grease free slide. 

3.7.2 Microscopy 
A drop of lactophenol cotton blue was placed on the slide with the agar block discarded, then a sterilized cover slip was placed on it. This staining was carried out to enhance visibility of fungi structures and identify the fungal pathogens. The glass slides were then observed microscopically for the characteristic shape and arrangement of spores.











CHAPTER FOUR
RESULT
Four unique fungus species were isolated from the tomatoes which included Aspergillus flavus, Aspergillus fumigatus and Aspergillus niger with Paecilomyces. Various fungal species were studied because they displayed special features which included morphological characteristics about colony appearance together with their conidium and conidiophore formations. This research study demonstrates the significance of identifying tomato-related fungal communities because they carry numerous health implications for people alongside ecological impacts.
Aspergillus niger:
The examination of tomato samples showed that Aspergillus niger appeared most often among fungal species. The colonies of Aspergillus niger produced black powdery developments which grew to dimensions of 3 to 5 centimeters. The fungus generated spherical conidia with dimensions between 3 to 5 micrometers. Time has revealed that Aspergillus niger functions as a fungus which spreads through soil and creates different plant diseases. 










Aspergillus flavus: 
The study showed that Aspergillus flavus occurred frequently in tomato samples hence demonstrating its extensive presence in this agricultural product. Aspergillus flavus developed yellow-green colored colonies of 2-4 centimeters across diameter. The fungus created elliptical conidium shapes with dimensions between 2-3 μm across. Aspergillus flavus acts as a plant pathogen to create leaf spot and root rot diseases which cause severe negative consequences for both tomato quantity and quality.


















Aspergillus fumigatus:
Aspergillus fumigatus represented the fungal isolate detected from spoiled tomatoes because this microorganism causes plant decaying frequently in biological materials. The scientist identified this fungus based on its established pattern of morphological features which included its colonial form and hyphal structure and spore production. Aspergillus fumigatus colonies displayed a velvety texture although they had a blue-green coloration. The spores measured between 2–3 μm while the branched hyphal structure contained septate walls. Different tests used genetic methods to verify the isolate's identity.

















Paecilomyces variotii:
Paecilomyces variotii represented the fungal isolate detected from spoiled tomatoes because this microorganism causes plant decaying frequently in biological materials. The scientist identified this fungus based on its established pattern of morphological features which included its colonial form and hyphal structure and spore production. Paecilomyces variotii colonies displayed a velvety texture although they had a greenish-yellow coloration. The spores measured between 2–3 μm while the branched hyphal structure contained septate walls. Different tests used genetic methods to verify the isolate's identity.


















Table 4.1: Morphology and Microscopic Characteristics of Fungi Isolated
	Organism
	Microscopic Features
	Macroscopic Features

	Paecilomyces variotii
	Hyphae:Septate, branched, and hyaline
Conidia: Ellipsoidal to fusiform, 2-5 μm in length, and hyaline to pale green
Conidial chains: Long, unbranched, and formed by the disarticulation of the phialides

	Colony color: White to pale yellow or greenish-yellow
Size: 2-6 cm in diameter
Margin: Entire, smooth, and regular
Reverse: Pale yellow to cream-colored
Exudate: None or pale yellow


	Aspergillus niger
	Hyphae septate branched;conidiosphores brown, spherical;conidia black, spherical. 
	Black colonies, 2-5mm in diameter; velvety texture;white or yellowish reverse

	Aspergillus flavus
	Hyphae septate ,        branched;conidiophores yellowish-green,spherical.
	Yellowish-green colonies, 2-5mm in diameter; velvety texture; yellowish or orange reverse

	Aspergillus fumigatus
	Hyphae:Septate,branched, and hyaline
Conidiophores:Long, slender, and hyaline
Conidia: Globose to subglobose, 2-3 μm in diameter, and greenish-yellow to brown
Conidial heads: Radiate, with phialides arranged in a single layer
Phialides:Flask-shaped, with a narrow neck and a swollen base
Vesicle:Present, spherical to oval in shape.
	Colony color: Greenish-yellow to grayish-green
Colony texture: Velvety to powdery
Colony shape: Circular, flat, and spreading
 Size: 2-5 cm in diameter
Margin: Entire, smooth, and regular
Reverse: Pale yellow to cream-colored





4.1   Frequency and distribution of fungi isolated
The following table presents the frequency and percentage distribution of fungi isolated from rotten tomatoes collected from different markets. The table shows the type of fungal organisms isolated, their frequency of occurrence, and the market from which they were obtained.




















Table 4.2: Frequency of Distribution of Fungi Isolated 
	Organism
	Abapka Market
	Mami Market
	Ogbete Market
	Total Frequencies
	Percentage

	Paecilomyces variotti
	_______
	   2 colonies           
	2colonies
	4 colonies
	33.3%

	Aspergillus niger
	1 colonies
	         _______
	2 colonies
	3colonies
	25%

	Aspergillus 
flavus
	 _______
	_______
	2 colonies
	2colonies
	16.7%

	Aspergillus 
fumigatus
	3 colonies
	2 colonies
	1 colonies
	6colonies
	50%








CHAPTER FIVE

5.1 Discussion
A laboratory examination was performed to isolate and identify fungi present in spoiled tomatoes. The examination revealed four fungal species among the rotten tomatoes, these include Aspergillus flavus, Aspergillus niger, Paecilomyces variotii and Aspergillus fumigatus.
Among all fungus isolates, Aspergillus fumigatus appeared as the most common species in 50% of plate. The fungus exists as a frequent vegetable and fruit contaminant which produces health-threatening mycotoxins (Latge, 1999). The fungal-generated toxin substances named mycotoxins create various health hazards which manifest as allergic reactions as well as cancer risks among other complications (Bennett and Klich, 2003). 
From all fungus isolates, Paecilomyces variotii ranked as the second most common species with 33.3% occurrence. This is however different from what was reported by many researchers (Akinmusire, 2011; Bello et al., 2016, Ibrahim et al., 2011) who reported Aspergillus niger as the most frequent in their studies. However, results of this study agreed with the work of Samuel and Orji (2015), who also found Rhizopus stolonifer, Aspergillus flavus, Aspergillus fumigatus as fungi with the highest occurrence in the rotten
tomato samples.
 This fungus exists naturally in soil environments where it leads to vegetable and fruit degeneration. In addition to antibiotic production, Paecilomyces variotii creates various secondary metabolites which generate positive health benefits to humans.
The research revealed Aspergillus niger alongside Aspergillus fumigatus. Presence in rotten tomatoes although their isolation frequency remained lower. The fungi exist as widespread vegetable and fruit contaminants which cause food spoilage and develop decay (Pitt and Hocking, 2009). Aspergillus niger strains create ochratoxin A together with other mycotoxins that represent health risks for humans (Abarca et al., 2003).
This study shows that fungi cause contamination of tomatoes throughout their treatment by human hands and during storage and shipping periods which results in both deterioration and spoilage. Human well-being is threatened by fungal contaminations because these microorganisms produce deadly toxins known as mycotoxins (Bennett and Klich, 2003).

5.2 Conclusion
Aspergillus flavus, Paecilomyces variotii, Aspergillus niger and Aspergillus fumigatus were the fungal species detected in decayed tomatoes according to the present research. The research identified Aspergillus fumigatus as the most common fungus and Paecilomyces variotii followed as the second most common fungus.
Fungal infections on tomatoes develop during the processing stages of handling and storage along with transportation and produce decay while spoiling the fruits. Fungal infestation causes health dangers to humans because it leads to mycotoxin formation.







5.3 Recommendation
Based on the findings of this study, the following recommendations were made:
1. Proper handling techniques along with storage habits and transportation procedures for tomatoes need to be established for preventing fungal contaminations.
2. Routine examinations of tomatoes for fungus contamination must take place to avoid decay and spoilage conditions.
3. Specific agricultural practices including crop rotation together with sanitation methods and proper irrigation management help decrease the chances of fungal contaminants affecting the produce.
4. Additional research must evaluate mycotoxin production abilities of isolated fungi because it will help create efficient control strategies.
5. Particular education programs must be created to teach farmers, handlers, and consumers how dangerous fungal infections can be in tomatoes.
6. The regulatory agencies need to set standards with proper guidelines to stop fungal contamination during all tomato handling procedures.
By implementing these recommendations, the risk of fungal contamination of tomatoes can be reduced, and the quality and safety of tomatoes can be improved.








5.3.1 Future Research Directions
Future research studies should focus on the following areas:
1. We need to develop practical methods to manage fungal contaminations which affect tomatoes.
2. Determination of the mycotoxin-producing potential of the isolated fungi.
3. Investigation of the effects of fungal contamination on the nutritional value and quality of tomatoes.
4. Training should be provided to farmers, handlers and consumers about fungal contamination risks of tomatoes.
More research in these particular areas will help us understand tomato fungal contamination risks better while building effective measures for fungal contamination prevention and control.
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