Sustainable Solution for Green Environment https://www.kdpublications.in
ISBN: 978-81-19149-97-1

8. Environmental Impact of Alternaria and Possible
Solutions

Akrati Shrivastava, Satyam Kumar

B.Sc. Student in Agriculture,
School of Agriculture,
Lovely Professional University,
Jalandhar.

S. Ravichandran

Professor in Chemistry,
School of Mechanical Engineering,
Lovely Professional University,
Jalandhar, Punjab, India.

Jyoti Rajput

Associate Professor,
Dept. of Physics,
School of Mechanical Engineering,
Lovely Professional University,
Jalandhar, Punjab, India.

Abstract:

Alternaria diseases on crop plants cause huge yield losses and reduce the economic value
of the crop plants in conventional production system and are very difficult to manage
Alternaria belongs to the family Pleosporaceae. It includes a diverse group of fungi, many
of which are plant pathogens. Alternaria species are characterized by their dark-colored,
mycelium and conidia (asexual spores) produced in long, chain like structures.
Taxonomically, the genus has undergone several revisions due to advances in molecular
techniques. This has led to the identification of numerous species and the reclassification
of some previously known ones. Alternaria species can have both positive and negative
effects on agriculture. On the one hand, some Alternaria species are saprophytic and play
a role in decomposing organic matter, aiding nutrient cycling in ecosystems. On the other
hand, several Alternaria species are notorious plant pathogens that cause diseases in a
wide range of crops. For example, Alternaria solani causes early blight in tomatoes and
potatoes, while Alternaria affects cruciferous vegetables like cabbage and broccoli. These
diseases can lead to significant crop losses, impacting food production.
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8.1 Introduction:

Figure 8.1: Alternaria impacts

Control of plant disease is a pressing need for Indian agriculture given the growing human
population and reducing land availability. The increasing demand for sustainable food
supply is met through higher inputs including chemical applications in the form of fertilizers
and pesticides. However, the repeated use of chemicals results in the environmental
pollution and in the pathological purview, may also lead to development of resistance in the
target organism. As the country is now advocating natural farming and for organic farming,
it is important to address plant disease management also using eco-friendly approaches, for
maintaining ecosystem health and human nutrition through balanced food chain in agro
ecosystems. Eco-friendly methods™*, using bio-control agents and many plant products to
suppress plant disease, offers a powerful alternative tool to synthetic chemicals with similar
targets. The rich diversity of microbial population and the availability of numerous
medicinal plants provides a resource for this purpose. Many of the fungal pathogens causing
foliar diseases in plant species. Alternaria®>’ is a genus of fungi with a long history of
significance in various fields,particularly in agriculture and ecology. The genus was first
described by French mycologist Jean Baptiste Francgois Pierre Bulliard in 1791. Its name,
"Alternaria,"refers to the alternating spore formation often observed in these fungi.

Figure 8.2: Impacts on leaf due to Alternaria
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A. Importance of Alternaria in Ecology:

Alternaria fungi play a vital role in the decomposition of plant material and organicmatter
in natural ecosystems. They contribute to nutrient cycling by breaking downdead plant
tissue, which releases essential nutrients back into the environment.

Thisdecomposition process supports the overall health and functioning of ecosystems®™*°,
Additionally, Alternaria species can also form symbiotic relationships with certainplants,
aiding in nutrient uptake and stress tolerance.

B. Morphological Characteristics of Alternaria Species:

Morphologically, Alternaria species share several common characteristics. They typically
have septate mycelium, which is a branching network of filaments. One ofthe distinguishing
features is the production of conidia (asexual spores) in long, chain-like structures called
conidiophores. These conidia are often dark-colored, ranging from brown to black, and have
a distinctive spindle or oblong shape.

The size and shape of conidia can vary between different species, aiding in their
identification. Alternaria colonies on culture media are usually dark-colored and canbe
fuzzy or velvety in appearance.
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Figure 8.3: Morphological Characteristics of Alternaria
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Figure 8.4: Various characteristics of Alternaria
C. Spore Formation and Dissemination:

Alternaria fungi reproduce asexually through the production of conidia. Conidia areformed
at the tips of conidiophores and are easily released into the environment. Dissemination
typically occurs through air currents, water, or physical contact. Thedark color of conidia
provides protection against ultraviolet (UV) radiation, allowing them to survive longer
when exposed to sunlight. Once dispersed, conidiacan land on plant surfaces, germinate,
and initiate infection, making them a crucial part of the pathogenic life cycle of Alternaria
species.

Mycotoxin Production: Implications for Human and AnimalHealth: Several alternariol
(AOH) and its derivatives. These mycotoxins have been foundin various food products,
including grains, fruits, and vegetables. Mycotoxin contamination can occur during crop
growth, harvest, or storage under suboptimal conditions. Consumption of food or feed
contaminated with Alternaria mycotoxins can lead to health concerns, such as
mycotoxicosis. Health implications include gastrointestinal distress, immune system
suppression, genotoxicity, and potentially carcinogenic effects. Mycotoxin regulations and
monitoring are in place to reduce the risk of exposure, but vigilance in food and feed safety
remains essential to prevent mycotoxin-related health issue.

8.2 Ecological Significance:

Habitat Preferences and Distribution of Alternaria: Alternaria species are highly
adaptable and can be found in a wide range of habitats. They are commonly associated with
plant materials, including leaves, stems, fruits, and decaying plant matter. However, they
can also thrive in soil, on indoor surfaces,and in aquatic environments. Alternaria fungi are
distributed worldwide, but their prevalence and diversity can vary depending on geographic
location, climate, and host plants. They are especially prevalent in regions with warm,
humid conditions that promote fungal growth.
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Interactions with Plant Hosts and Other Microorganisms: Alternaria species exhibit
diverse interactions with plant hosts and other microorganisms. Some Alternaria species are
plant pathogens, causing diseases by infecting various crops. They can also form mutualistic
relationships with certain plants, aiding in nutrient uptake and stress tolerance. In natural
environments, Alternaria can participate in complex ecological interactions with other
microorganisms, such as mycorrhizal fungi, bacteria, and other plant-associated fungi.
These interactions can influence plant health, nutrient cycling, and ecosystemdynamics.

Alternaria and Indoor Environments: Health Implications: In indoor environments,
Alternaria can become a concern due to its ability to growon various surfaces, including
building materials, wallpapers, and textiles. The presence of Alternaria indoors can lead to
health implications, particularly for individuals with respiratory conditions or allergies.
Inhalation of Alternaria sporescan trigger allergic reactions in sensitive individuals, causing
symptoms such as sneezing, coughing, congestion, and exacerbating conditions like asthma.
Controlling indoor moisture levels and improving ventilation can help mitigate indoor
Alternaria growth and reduce associated health risks.

Figure 8.5: Impacts on health implications due to Alternaria
8.3 Pathogenicity and Disease Development:

A. Alternaria as Plant Pathogens: Impact on Crops: Alternaria species are notorious
plant pathogens that can have a significant impact on various crops. They cause diseases
such as early blight in tomatoes and potatoes,black spot in citrus fruits, and leaf spot in a
wide range of vegetables. These diseases result in reduced crop yields, lower quality
produce, and economic losses for farmers. The pathogens typically infect plant tissues,
leading to wilting, browning, and reduced photosynthetic capacity. Fungal toxins and
mycotoxins produced by Alternaria can also affect crop safety and quality.

B. Alternaria Allergies in Humans: Mechanisms and Symptoms: Alternaria allergies
are a common form of mold allergy in humans. When individuals with sensitivities are
exposed to Alternaria spores, the immune systemcan react, leading to symptoms. The
mechanisms involve an allergic response, where the body perceives the spores as harmful
invaders. This can result in symptoms such as sneezing, runny or stuffy nose, itchy or watery
eyes, and coughing. In more severe cases, exposure to Alternaria spores can trigger asthma
symptoms, including wheezing and difficulty breathing.
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C. Alternaria Infections in Immunocompromised Individuals: Immunocompromised
individuals, such as those with weakened immune systemsdue to conditions like HIV/AIDS,
cancer, or organ transplantation, are more susceptible to fungal infections, including those
caused by Alternaria species. Alternaria infections in these individuals can manifest as
invasive diseases affectingvarious organs. Symptoms may include fever, skin lesions,
respiratory distress, andsystemic complications. Prompt diagnosis and treatment with
antifungal medications are critical for managing Alternaria infections in
immunocompromisedpatients.

Figure 8.6: Infection due to Alternaria

8.4 Molecular Biology and Genetics:
A. Genomic Insights into Alternaria Species:

Genomic insights into Alternaria species refer to the detailed examination of the genetic
information contained within the DNA of these fungal organisms. This includes identifying
and sequencing their genes, understanding their genetic structure, and discovering important
functional elements within their genomes. Genomic studies help scientists gain a
comprehensive understanding of the genetic makeup of Alternaria species, which is crucial
for research on their biology,evolution, and adaptation.

B. Molecular Mechanisms of Pathogenicity:

The molecular mechanisms of pathogenicity in Alternaria species refer to the strategies and
tools these fungi use to cause disease in plants or other hosts. This typically involves the
secretion of enzymes, toxins, and effector proteins that enablethe fungi to infect their host
organisms.

By studying these mechanisms at the molecular level, scientists aim to unravel how
Alternaria pathogens evade host defenses and establish infections. This knowledge is vital
for devising methods to mitigate crop diseases caused by Alternaria.

C. Secondary Metabolite Gene Clusters: Potential forBiotechnological Applications

Secondary metabolite gene clusters are specific regions in the genome of Alternaria species
that control the production of various secondary metabolites, which are compounds not
essential for the organism'’s growth but often have important functions.
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These metabolites can include mycotoxins and other bioactive molecules.By understanding
and manipulating the genes responsible for their production, researchers can explore the
biotechnological potential of these compounds. This includes the development of new
pharmaceuticals, agricultural agents, or industrial products based on the secondary
metabolites produced by Alternaria.

Figure 8.7: Alternaria species that control the production of metabolites

8.5 Management Strategies:

A. Cultural Practices for Disease Control of Alternaria:

Crop Rotation: Alternaria fungi can persist in the soil, so rotating crops can helpbreak
the disease cycle. Avoid planting the same host crop in the same location for multiple
seasons.

Sanitation: Remove and destroy infected plant material promptly. This preventsthe
fungi from producing spores that can spread the disease. Also, clean your toolsand
equipment to prevent contamination.

Pruning and Thinning: Prune and thin plants to improve air circulation within the
canopy. This reduces humidity, which is favorable for Alternaria development.
Spacing: Proper spacing between plants is crucial. Crowded plants have reducedair
movement and are more susceptible to disease. Adequate spacing can prevent the
disease from spreading.

Irrigation Management: Use drip irrigation or soaker hoses to keep the foliagedry.
Watering early in the day allows plants to dry before evening, which discourages
Alternaria growth.

8.6 Chemical and Biological Control Methods of Alternaria:

A. Chemical Control:

Fungicides: Chemical fungicides are available for Alternaria control. Common
fungicides include chlorothalonil, mancozeb, and azoxystrobin. Fungicides should be
applied preventively or at the first sign of disease, and proper timing and rotationof
fungicides are essential to prevent resistance.
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B. Biological Control:

Bio fungicides: Bio fungicides contain beneficial microorganisms like Trichoderma
spp. that can compete with Alternaria for resources, reducing itsgrowth. These are more
environmentally friendly options.

Biological Control Agents: Predatory insects like ladybugs and lacewings can be
employed to manage aphid populations, which are known to transmit Alternaria.
Reducing aphids can indirectly control the disease.

. Resistance Breeding and Biotechnological Approaches for Alternaria:

Resistance Breeding: Traditional plant breeding methods are used to develop varieties
with natural resistance to Alternaria. This process involves selecting plantswith inherent
resistance traits and crossbreeding to amplify these traits.

Biotechnological Approaches: Biotechnology can be used to introduce specific
resistance genes into susceptible crops. For instance, genes coding for pathogen-
resistant proteins can be inserted into plants. This can be done through techniques like
genetic modification or gene editing. It's essential to choose a combination of these
control methods based on the specificcrop, local climate, and the severity of Alternaria
in your region. Integrated pest management (IPM) is often recommended, which
combines various approaches toachieve effective disease control while minimizing the
use of chemical fungicides.

Figure 8.8: Resistance Breeding for Alternaria

8.7 Biotechnological Application:

A. Alternaria-Derived Enzymes and Metabolites in Industry:

Enzymes Production: Alternaria species can produce various enzymes such as
cellulases, amylases, and proteases.

Industrial Applications: These enzymes find applications in industries like food
processing, textile, paper, and biofuel production.
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o Metabolites: Alternaria fungi also produce secondary metabolites, which canhave
applications in pharmaceuticals and agriculture.

e Mycotoxin Management: It's crucial to manage mycotoxin production, whichcan be a
challenge in the utilization of Alternaria-derived products due to their potential health
risks.

B. Bioremediation Potential of Alternaria Species:

o Bioremediation Capabilities: Alternaria species can assist in the removal oforganic
pollutants and heavy metals from soil and water.

e Environmental Cleanup: Their potential for environmental cleanup makes them
valuable for remediating polluted sites.

e Site-Specific Studies: To harness their bioremediation potential effectively, site-
specific studies are necessary to understand their growth and degradation capabilities.

C. Alternaria as a Source of Bioactive Compounds: Challengesand Opportunities:

e Bioactive Compound Production: Alternaria species are a source of bioactive
compounds, including those with pharmaceutical, antimicrobial, and anticancer
properties.

e Challenges in Production: Challenges include optimizing the production ofthese
compounds, ensuring consistency, and maintaining purity.

e Safety Concerns: Some Alternaria species can produce mycotoxins, posingsafety
concerns that need to be addressed in compound extraction.

e Regulatory Hurdles: Regulatory and safety concerns must be considered when
developing drugs and bioactive compounds from Alternaria sources.
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Figure 8.9: Alternaria as a Source of Bioactive Compounds
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8.9 Future Perspectives:
A. Emerging Trends in Alternaria Research:
e Genomics and Metagenomics:

Researchers are increasingly using genomics andmetagenomics to study Alternaria species,
enabling a better understanding of their genetic makeup and diversity.

e Bioinformatics and Data Analysis:

With the availability of more genomic data,the use of bioinformatics tools for data analysis
and prediction of gene functions is on the rise.

e Omics Technologies:

The integration of various omics technologies, such as proteomics and metabolomics, is
providing insights into the functional aspects of Alternaria fungi.

e Biotechnological Applications:

Exploring biotechnological applications of Alternaria species, such as their potential in
bioremediation, biocontrol, and bioproduction of valuable compounds.

B. Integrative Approaches for Sustainable Management:
e Integrated Pest Management (IPM):

Implementing IPM strategies that combine biological control, chemical control, and cultural
practices for managingplant diseases caused by Alternaria.

¢ Crop Rotation and Diversification:

Promoting crop rotation and diversificationto reduce disease pressure and minimize the
need for chemical fungicides.

¢ Biological Control Agents:

Using beneficial microorganisms and antagonisticfungi as biocontrol agents to manage
Alternaria-related crop diseases.

e Sustainable Agriculture Practices:

Encouraging sustainable agricultural practices that enhance soil health and reduce the
susceptibility of crops to Alternariainfections.

78



Environmental Impact of Alternaria and Possible Solutions
C. Ethical Considerations and Biosafety Measures:
e Safe Laboratory Practices:

Adhering to stringent biosafety measures in researchlaboratories working with Alternaria
species to prevent accidental exposure.

o Environmental Impact Assessment:

Considering the potential environmentalimpact of using Alternaria-based biocontrol agents
and ensuring they do not harmnon-target organisms.

e Ethical Research:

Promoting ethical research practices, including transparencyin data reporting and obtaining
proper permissions for collecting and studying Alternaria samples.

e Public Awareness:

Raising public awareness regarding the safe use of Alternaria-based products and the
importance of ethical research in this field.

Figure 8.10: Safety measures on Alternaria
8.10 Conclusion:

This paper is a comprehensive overviewof Alternaria, emphasizing its diverse roles in
nature and its impact on agriculture, human health, and ecosystems. As research continues
to unravel the complexities of Alternaria biology, it is imperative to develop sustainable
management strategies and explore its untapped biotechnological potential. By fostering
interdisciplinary collaborations and continuous scientific inquiry, we can better understand
and harness the capabilities of this ubiquitous fungal genus for the benefit of society andthe
environment.
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The morphological characteristics, spore formation, and mycotoxin production by
Alternaria species are critical aspects of their biology and impact on agriculture and
human/animal health, highlighting the need for careful managementand monitoring in both
natural and agricultural settings. Alternaria's impact on crops, its role in allergies in humans,
and itspotential to cause infections in immune compromised individuals highlight the
diverse ways in which these fungi can affect both agriculture and human health.
Understanding these aspects is essential for effective disease management and healthcare
strategies. Alternaria's habitat preferences, interactions with plant hosts and other
microorganisms, and its presence in indoor environments can have significant ecological
and health implications. Understanding these aspects of Alternaria's biology is crucial for
effective management and mitigation strategies for a sustainable agriculture.
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