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Fungi are divided into various categories following different criteria, where the most popular criterion in the relationship of fungi and other kingdoms in the ecosystem, groups them into pathogenic and non-pathogenic fungi. Pathogenic fungi include the phytapathogenic fungi which are characterized with destruction of cell walls of plant cells. These phytapathogenic fungi are so popular in causing crop diseases that scientists believe every crop has encountered one of phytapathogens at any given period in its life. Thus, massive research has been conducted and chemical preventive measures such as the use of fungicides have been invented. Although these chemicals may be advantageous to the maintenance of crop production and plant population, they also have their setbacks especially on the ecosystem surrounding the plant.
Some of the major disease causing pathogens in plants from the kingdom Fungi are all the species of the genus Alternaria. Alternaria are also attributed to various minor diseases in humans although they mainly affect humans whose immunity is low. Yet, on the plants research has shown that Alternaria cause massive destruction in the area of agriculture. For the treatment of crops against phytapathogenic fungi such as Alternaria, biological control has been rampant in farms and other areas of plant growth with the use of biocontrol agents. Bacteria has been the most widely used type of bio control agent against fungi as they are not only less harmful but also beneficial to the growth of the plant. This study explores phytopathogenic fungi, and most importantly Alternaria, and their harmful effects on crops. It also dives into the control measures of the phytopathogenic fungi and the antagonistic role of bacteria in the eradication of most phytopathogens including the special case of Alternaria.



Phytopathogenic Fungi
Phytopathogenic fungi are known to have various enzymes that break down and destroy the carbohydrate polymers that make up the building materials of the walls of cells. The enzymes of the parasitic fungi usually penetrate into the walls of the cells and feed on its nutrients as the first step of the breakdown (Jiang et al., 2017). The enzymes are very active in some necrotrophic parasites that they degrade a significant portion of the wall of the cell (Gupta et al. 2020). The protoplast is destroyed by the osmotic process with the strong frame removed (Sain et al., 2017). The cell then dies and loses its immune properties of a living organism (Wehner et al., 2017). The intercellular cement that binds the cells together called the septum is also destroyed by the parasites and that allows them to move further into the infected tissues of the plant (Nizioł-Łukaszewska et. al., 2017). The parasites further feed on the degradation products of the polymer of the walls of the cell called monosugars (Hao et al., 2019). It is essential to understand the nature and functioning of phytopathogenic fungi to comprehend their impact within plants (Cao et al., 2019). It is also essential to understand how phytopathogenic fungi functions within plants to develop effective ways of managing their impact on the global population in terms of the economy and the environment. 
Fungi are eukaryotic, non-chorophytic, spore-forming organisms and most of the true fungi are branched and filamentous. Most fungi, which amount to more than 100,000 are saprophytes (Alvarez-Munoz et al., 2019). A significant proportion of the population of fungi are parasites, however, and cause different diseases in plants and crops (Zakutnova et al., 2019). All crops and plants are invaded by one species of phytopathogenic fungi at some point in their life span (Hiruma et. al., 2019). A single species of fungi can become a parasite to one or several species of plants. The thallus, or body, of most of the higher fungi is referred to as mycelium in singular form and mycelia in pluralistic terms (Li 2016). The mycelium of fungi is composed of hyphae which refers to thread-like structures that grow on it (Hagenbo et. al., 2017). Hyphae, or hypha in plural, grows only on their tips and can grow indefinitely if exposed to favourable conditions (Brabcová et. al., 2016). Hyphae are most commonly partitioned by septa which are cross walls (Yang et. al., 2017). Septate hyphae are segmented into individual cells by these internal walls. Septa typically have central pores that are used for nuclei and small organelles to pass from one cell to the other (Lehmann et. al 2018). Parasitic fungi are the most dominant pathogenic organisms in plants across the world.
The work of phytapathogenic fungi is much more complex within the set-up of a cell. The hyphae of classes Zygomycetes and Oomycetes are coenocytic or nonseptate while the hyphae of the classes Deuteromycetes, Basidiomycetes, and Ascomycetes are septate (Saiga et al. 2018). Coenocytic hyphae are characterised by having multiple nuclei in one cytoplasm (Clark et al., 2019). Hyphae produce branched or simple specialized projections called haustoria that are used to penetrate the tissue of the host and serve as organs of absorbing nutrients (Spatafora et al., 2016). Haustoria have nuclei and a concentrated population of mitochondria (Oddó et. al., 2019). Haustoria invaginates itself into the cell and does not rupture the protoplasmic membrane of the host thereby increasing the absorptive surface of the fungus (Wang et. al., 2017). The reproduction processes of fungi happen primarily through the spores. Spores are bodies of reproduction that have one or more cells. Spores are also analogous to the seeds of green plants in function (Ichihashi et al., 2018). Spores are produced through asexual and sexual reproduction. 
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The work of parasitic functions in destroying plants and crops has a significant impact on the global population in terms of the environment and the economy. Phytopathogenic fungi should be controlled within a balanced framework to reduce their impact on plants and crops (Syrova et al., 2019). Fungicides have been used to protect plants against disease attack by fungi for a very long period (Martínez et al., 2017). The effectiveness of treatment, the area and frequency of their use, the range of chemicals available, the number of diseases and crops treated, and their general application has increased significantly in the many years that they have been in existence. 
The complexity of the use of chemicals to treat fungal disease in plants therefore points to the advancements that have been made in the field. Very two old-established remedies of sulphur and copper-based formulations are still very widely used in the market and are proving to be effective (Avramidis et al., 2017). Several mid-aged fungicides including chlorophenyls, dinitrophenols, dithiocarbamates, and phthalimides have been used steadily for close to 5 decades. A significant number of potent fungicides with systemic activity and some of novel structure not found in earlier products have also found their way into the market in recent times (Higashi et al., 2020). Some of these chemicals include sterol demethylation inhibitors (DMIs), phenylamides, dicarboximides, morpholines, phosphorothiolates, carboxanilides, benzimidazoles, and 2-amino-pyrimidines (Frank & Silva, 2018). There have been various other developments in the field leading to even more chemical agents in dealing with fungal diseases in plants. 
The introduction of many other chemicals into the market has been an introduction of analogues of existing fungicides. Some of the new fungicides have been observed to have improved properties, however, as the industry grapples with ways of achieving the most effective results (Chen et al., 2016). Several novel compounds have been introduced in the commercial space over the past few years with the sole objective reaching an advanced level of development (Tran & Tran 2019). Some of the new compounds include carboxylic acid amides, benzamides, quinone outside inhibitors (QoIs, including strobilurin analogues), anilinopyrimidines, and phenylpyrroles (Garnault et al., 2019). It is worth noting, however, that the more recent fungicides are generally used in relatively small portions because of their more targeted action on plant pathogens (Goldenhar et al. 2019). Their potent action and portions are further measured because their margins of safety to non-target organisms and mammals are often greater and not in any way smaller when compared with older materials weight-to-weight. 
[bookmark: _Toc36584005]Advantages & Disadvantages
It becomes critical to evaluate the various advantages and disadvantages of chemical agents in dealing with Phytopathogenic fungi. Many systemic and contact fungicides are used to control plant pathogens to clear disease from crops (Jiang et al., 2017). Most farmers use these chemicals to primarily safeguard their harvests and protect their crops from disease (Gabriel et al., 2016). The use of fungicides can sometimes guarantee farmers that they will harvest good yields that are free from the effects of disease. Fungicides bear a significant positive economic impact, within this context, as they give boost to crop yields. Such chemicals can also be used to sustain the growth of other plants thereby contributing to environmental conservation. 
It is worth noting, however, that some of the chemicals have very harmful effects to the soil and may end up causing more loss than benefit in the long run. Chemicals sometimes affect mycorrhizal fungi and decomposers in the soil thereby causing imbalances in the ecosystem of soil microorganisms (Wehner et al., 2017). Fungicides with certain chemical elements have also been proven to have far reaching health implications on human beings (Jiang et al., 2017). The hazardous impact of chemicals also rolls over to various forms of water and soil pollution (Gabriel et al., 2016). Some types of fungi play a crucial role in increasing the fertility of soil. Fungi such as Aspergillus, Penicillium, and Trichoderma show very antagonistic effect against plant pathogens (Jiang et al., 2017). Such beneficial microorganisms are also killed using chemicals. Instead of using chemicals for reducing the impact of parasitic functions, it is essential to use some biocontrol agents and plant extracts that show antimicrobial activity (Wehner et al., 2017). It is possible to save the environment from pollution and get a healthy environment for all living organisms if nano-materials, botanicals as well biocontrol agents are used to control plant pathogens. 
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Alternaria species are a major pathogen in plants and are known to have a significant impact within their ecosystem (Mansour et al., 2015). Alternaria is also a genus belonging to the ascomycete fungi (Ara et al., 2012). Alternaria are common allergens in human beings and sometimes lead to asthma by causing hypersensitivity reactions or hay fever (Ara et al., 2012), (Gabriel et al., 2016). The allergens usually cause opportunistic infections in immunocompromised individuals such as persons suffering from AIDS. There exist a total of 299 species in the genus Alternaria which are ubiquitous in their environment. The species are also a natural part of the flora of fungi almost everywhere across the world (Ara et al., 2012). Most of these fungi are normal agents of decomposition and decay. The spores are airborne and found in the water and soil as well as on objects and indoors (Jaber & Ownley, 2018). The spores form long chains and are club shaped (Gabriel et al., 2016). The can grow thick colonies which are usually gray, black or green. There is a lot of information on the Alternaria species but most of it centres around the fact that they cause significant destruction in plants. 
There are various statistics that point to the fact that the Alternaria species of fungi cause significant destruction to plant life. The Alternaria species of fungi cause at least 20% of Agricultural damage (Ara et al., 2012). Some of the most severe cases of loss in agriculture may reach highs of 80% at the hands of the Alternaria species (Mansour et al., 2015). The Alternaria species of fungi are also known to cause significant health disorders that can grow on mucous membranes and skin including within the respiratory tract and on the eyeballs. Allergies are common but severe infections are rare in human beings except in persons who have compromised immune systems. It is worth noting, however, that various species of this genus of fungi are often very high producers of various toxins and compounds (Gabriel et al., 2016). Some of the effects that such toxic compounds have on the population of human beings, other animals and plants are not very well known or understood. Many species of the species under review are able to change their secondary metabolites through sulfoconjugation. The role of this process is also not very well understood. 
The terms alternariatoxicosis and alternariosis are used for disorders in animals and human beings caused by a fungus in the genus Alternaria. It is worth noting that not all fungus in the genus Alternaria are pathogenic, however (Ara et al., 2012). Some of the fungi in this genus have shown some biocontrol properties (Ara et al., 2012). Most of the fungi that have shown biocontrol promise usually act against invasive species of plants. Some of the species of fungi in this genus have also been reported to be endophytic microorganisms that have very high bioactive metabolites (Gabriel et al., 2016). The genus is now known to be polyphyletic (Jiang et al., 2017). The nature and interaction of various fungi from the genus Alternaria continue to have a significant adverse impact on the population of plants and animals, however. 
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Biological controls refer to alternative approaches towards the systematic prevention, mitigation and treatment of the harmful effects of fungicides and other chemical agents on plants and crops. In a more specific sense, biocontrol refers to the suppression of disease in plants through the application of biological agents to a host plant, crop or animal to prevent the development of pathogen or disease (Jaber & Ownley, 2018). The use of biological controls in pest and fungal management must be understood from the perspective of complex interactions among the environment, people and plants. Pest management researchers continue to focus their energies towards developing alternative inputs to synthetic chemicals that can have the least impact to human, animal as well as plant and crop life. 
Biocontrol agents are usually fungal or bacterial strains that are isolated from the rhizosphere or endosphere with regard to plant disease. It has also been observed that viruses can also be used as biocontrol agents and there is a re-emerging interest in the use of bacterial viruses for purposes of controlling diseases among plants (Jaber & Ownley, 2018). The extent to which pathogens and disease are prevented in plants as a consequence of biocontrol mechanisms can be compared to that of the use of chemicals. The use of biocontrol mechanisms has evolved significantly over the course of the past few years with the development and application of genetic modification techniques and genomics. There have also been various advancements and an enhanced understanding of how various agents interact with the plant and the other members of a microbial community associated with plants being controlled. An understanding of such mechanisms has proven to be essential in the isolation and effective biocontrol of disease and growth of pathogens. 
Diseases in plants need to be under constant control to maintain the abundance of food across the world. There are various methods that can be adopted in the control of diseases in plants as discussed above. Different approaches can also be used to control, mitigate or prevent the occurrence and spread of disease in plants. Growers often rely upon pesticides, chemical fertilizers, horticultural practices, and good agronomic guidelines to ensure that they maintain high yields. Various trends in the agricultural sector have led most people to reduce their reliance on chemicals, however, as the global outlook leans towards more sustainable practices. The contribution of chemical agents in agriculture cannot be discounted, however, because it has led to various gains over the course of history. 
The environmental pollution caused by the misuse and use of agrochemical agents has significantly led people to shift to the use of biocontrol mechanisms to fight fungal infections in plants and crops. The fact that there is a lot of fear-mongering regarding the impact of such chemicals has also fostered the trends towards biocontrol mechanisms (Jaber & Ownley, 2018). The use of pesticides in agriculture continues to be opposed from various angles given that most people are learning of its negative impact. People’s attitudes towards fungicides, for instance, have changed over the years because increased research and flow of information. There are also very strict regulations on the use of certain products in various agricultural jurisdictions that inhibit the application of such fungicides. Political pressure continues to push various other jurisdictions to remove harmful products from the market. 
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The reduced use of chemicals in pest control in agriculture has led to an increase in the use of biocontrol agents. Bacterial biocontrol agents have played a critical role in reducing the adverse impact of chemicals on the environment. Sustainable plant disease control calls for the continued use of measures that are friendly to the environment. Efficient antagonists must be obtained, however, for biocontrol to be possible through such mechanisms. Soil microorganisms coexist with plants and sometimes interfere with their performance within the ecosystem. It is estimated that bacterial occupies between 7% to 15% of the total surface of the roots (Hiruma et. al., 2019). Some bacteria have been observed to have a positive effect on plants to become plant growth promoting rhizobacteria (Jaber & Ownley, 2018). It has also been observed that rhizobacteria can have a direct or indirect positive impact on plants. Bacteria directly solubilize minerals and lead to several changes in the rhizosphere. This leads to higher efficiency levels in terms of the absorption of macro-nutrients, micro-nutrients and water. The process also leads to changes in concentration of phytohormone, production of siderophore, and nitrogen fixation (Jaber & Ownley, 2018). Rhizobacteria indirectly suppress pathogens mediated by production and competition of lytic enzymes and antimicrobial compounds. 
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Antagonistic Activity of Bacteria Against Alternaria
Antagonistic activity of bacteria against Alternaria has been an area of significant focus over the years. These relationships have elicited a lot of interest because the genus is one of the most prevalent parasitic fungi affecting plants (Mansour et al., 2015). The phylloplane is a source of antagonists in addition to rhizosphere (Ara et al., 2012), (Hiruma et. al., 2019). Bacteria from this area are still very underutilized, compared to rhizobacteria, as biological control agents for fungi (Ara et al., 2012). Bacteria that colonize the shoots, in addition, have been observed to show a better chance of survival and multiplication in an environment such as the soil where there is good nutrition. Phylloplane, on the other hand, are exposed to limited nutrient availability, fluctuations in the content of moisture and high temperatures. It becomes essential, therefore, for any control mechanisms to make such considerations before adopting an appropriate mechanism. 

[bookmark: _Toc36584010]Mode of Action Against Phytopathogenic Fungi
There are various mechanisms of action that are exhibited by antagonistic bacteria including induction of plant resistance, biofilm formation, antibiosis, hydrolytic enzymes, suppression via sidephores, and competition for space and nutrients (Hiruma et. al., 2019). Some of these modes happen in complementarity with other mechanisms to allow for effective prevention of disease and growth of pathogens (Ara et al., 2012). These various mechanisms suppress phytopathogen growth that impacts various plants and crops. It becomes essential, therefore, for any approach in biological control to consider all factors to implement a framework that will not only give positive results but also ensure sustainability. These actions are safe, ecological and economically sustainable in the long run. 
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Conclusion
In conclusion, the use of synthetic chemicals on curbing the spread of plant and crop disease as well as the growth of pathogens will remain one of the biggest threats to human health and the environment. There is a necessity for continued regulatory restrictions to reduce the use of chemical compounds to enhance agriculture. The development of various alternatives to chemical prevention of pathogens is increasingly leading to the growth of the biological control of phytopathogenic fungi. The use of bacteria as a biological control measure has significantly enhanced agriculture and other led to better prevention of disease. The use of biological approaches continues to be an essential area of focus as far as research and development is concerned. Commercial use of biological control approaches will eventually lead to a better safeguard and environmental friendly framework. 
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