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Abstract: 

Alternaria blight, caused by Alternaria brassicae, is a major fungal disease affecting mustard crops, 

leading to considerable yield losses and quality deterioration. Traditional chemical control methods 

pose environmental and health risks, necessitating the exploration of sustainable alternatives. This 

study investigates the potential of biological control agents (BCAs) in managing Alternaria blight in 

mustard crops. Beneficial fungi (e.g., Trichoderma spp., Clonostachys rosea), bacteria (e.g., Bacillus 

spp., Pseudomonas spp.), and viruses (mycoviruses) demonstrate various antagonistic mechanisms, 

including competition, parasitism, and induction of plant resistance, to suppress A. brassicae. 

Application methods such as seed treatments, foliar sprays, and soil applications enhance the efficacy 

of BCAs in diverse agricultural contexts. Nonetheless, challenges such as variability in efficacy, 

environmental dependencies, and scalability remain. Future research should focus on advancing 

BCA development, integrating genetic engineering, and improving public acceptance through 

regulatory compliance and safety assessments. This paper underscores the importance of 

incorporating biological control agents within a comprehensive Integrated Pest Management (IPM) 

framework to achieve sustainable and effective management of Alternaria blight in mustard crops. 
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1. INTRODUCTION 

Alternaria blight, caused by the fungal pathogen Alternaria brassicae, is a widespread and 

devastating disease that significantly impacts mustard crops globally. This disease primarily affects 

the leaves, stems, and pods of mustard plants, leading to notable reductions in yield and quality. The 

pathogen thrives in humid and warm environments, making mustard crops particularly susceptible 

during such growing seasons.Symptoms of Alternaria blight include dark brown to black spots on the 

leaves, often surrounded by a yellow halo. These lesions can merge, resulting in extensive necrosis 

and defoliation. On stems and pods, the pathogen creates elongated, dark lesions, weakening the 

plant structure and causing premature pod shattering and seed contamination. The presence of the 

pathogen on seeds also facilitates its spread to new fields, exacerbating the management 

challenge.The economic impact of Alternaria blight on mustard crops is substantial. Yield losses can 

range from 10% to 70%, depending on the severity of the infection and environmental conditions 

during the growing season. Besides direct yield losses, the disease reduces the quality of harvested 

seeds, affecting oil content and marketability. The cost of managing the disease, including fungicide 

applications and other control measures, adds further financial strain on farmers.Managing Alternaria 

blight effectively requires an integrated approach, combining cultural practices, chemical treatments, 
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and biological control strategies. Cultural practices such as crop rotation, proper field sanitation, and 

using resistant varieties can help reduce the incidence and severity of the disease. While chemical 

fungicides are effective, they pose environmental and health risks and can lead to the development of 

resistant pathogen strains. Therefore, integrating biological control agents, such as beneficial fungi 

and bacteria, is becoming increasingly important as a sustainable alternative. These agents suppress 

the pathogen through various mechanisms, including competition, parasitism, and induction of plant 

resistance.Alternaria blight poses a significant threat to mustard crop production, necessitating a 

comprehensive and integrated management strategy. Combining traditional agricultural practices 

with innovative biological control methods can mitigate the impact of this disease, ensuring the 

sustainability and profitability of mustard farming. Continued research and development are essential 

to refine these strategies and address the evolving challenges posed by Alternaria brassicae. 

Sustainable disease management is crucial for the long-term health and productivity of 

agricultural systems. It focuses on using environmentally friendly, economically viable, and socially 

acceptable methods to control plant diseases while maintaining the integrity of ecosystems. 

Traditional methods of disease management, primarily reliant on chemical pesticides, have proven to 

be effective in the short term but come with significant drawbacks, such as environmental pollution, 

human health risks, and the development of pesticide-resistant pathogens. Sustainable disease 

management seeks to mitigate these issues by incorporating a holistic approach that combines 

cultural practices, biological controls, and minimal use of chemicals.One of the primary benefits of 

sustainable disease management is the preservation of environmental health. Chemical pesticides can 

contaminate soil, water, and air, adversely affecting non-target organisms, including beneficial 

insects, soil microbes, and wildlife. By reducing the dependency on these chemicals and promoting 

alternatives such as crop rotation, resistant varieties, and biological control agents, sustainable 

practices help maintain biodiversity and ecological balance. This approach also supports soil health 

by promoting practices that enhance soil structure and fertility, crucial for long-term agricultural 

productivity.Economically, sustainable disease management can lead to reduced production costs and 

increased profitability for farmers. Although the initial implementation of sustainable practices may 

require investment and education, the long-term benefits often outweigh these costs. Reduced 

reliance on expensive chemical inputs and the potential for higher yields and better-quality produce 

contribute to the economic resilience of farming operations. Additionally, sustainable practices can 

lead to premium pricing for organically produced crops, opening up new market opportunities for 

farmers.Socially, sustainable disease management aligns with the growing consumer demand for safe 

and healthy food products. There is an increasing awareness and concern about the impact of 

agricultural chemicals on human health. Sustainable practices ensure that food products are free from 

harmful pesticide residues, promoting public health. Furthermore, these practices contribute to the 

well-being of farming communities by reducing exposure to toxic chemicals, which can have severe 

health consequences. By fostering safer and healthier working environments, sustainable disease 

management supports the social sustainability of agricultural communities. 

Biological control agents (BCAs) play a pivotal role in Integrated Pest Management (IPM) by 

providing a sustainable and environmentally friendly alternative to chemical pesticides. BCAs, 

which include beneficial fungi, bacteria, viruses, and insects, help manage pest populations and plant 

diseases through natural mechanisms such as predation, parasitism, competition, and the induction of 

host plant resistance. By integrating BCAs into IPM programs, farmers can reduce their reliance on 

synthetic chemicals, mitigate the risk of pesticide resistance, and promote the long-term health of 

their agro-ecosystems.One of the primary advantages of using BCAs in IPM is their specificity. 

Unlike broad-spectrum chemical pesticides that can harm non-target organisms, BCAs typically 

target specific pests or pathogens, thereby minimizing collateral damage to beneficial insects, soil 
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microbiota, and other components of the ecosystem. For example, beneficial fungi like Trichoderma 

spp. and Clonostachys rosea target soil-borne pathogens through mechanisms such as competition 

and mycoparasitism, thereby reducing the incidence of diseases like Alternaria blight in mustard 

crops without negatively affecting the surrounding environment. This specificity helps maintain 

biodiversity and ecological balance, which are crucial for sustainable agricultural practices.BCAs 

also enhance the resilience of agricultural systems by providing a continuous and self-sustaining 

form of pest and disease control. Once established, these agents can persist in the environment, 

offering ongoing protection against pests and diseases. For instance, beneficial bacteria such as 

Bacillus spp. and Pseudomonas spp. can colonize plant roots, creating a protective barrier against 

pathogens through mechanisms such as antibiotic production and induced systemic resistance. This 

ongoing presence reduces the need for repeated chemical applications, lowering costs and labour 

inputs for farmers while reducing environmental contamination.Furthermore, the use of BCAs in 

IPM supports the development of integrated strategies that combine multiple control methods for 

enhanced efficacy. Cultural practices such as crop rotation and intercropping can be complemented 

by biological controls to create an inhospitable environment for pests and pathogens. Chemical 

controls, when necessary, can be used more sparingly and in targeted applications, reducing the risk 

of resistance development. The synergistic effects of combining BCAs with other IPM components 

result in more robust and effective pest and disease management strategies.Additionally, 

incorporating BCAs into IPM programs aligns with the increasing consumer demand for sustainable 

and organic agricultural products. As awareness of the health and environmental impacts of chemical 

pesticides grows, consumers are seeking food produced using natural and safe methods. By adopting 

IPM practices that include BCAs, farmers can meet this demand, potentially accessing premium 

markets and improving their economic viability. This consumer preference also drives broader 

acceptance and support for sustainable agriculture practices, fostering a positive cycle of adoption 

and innovation. Biological control agents are integral to the success of Integrated Pest Management 

programs. Their specificity, sustainability, and compatibility with other control methods make them 

invaluable tools for reducing chemical pesticide use, managing pest and disease resistance, and 

promoting the long-term health of agricultural ecosystems. By integrating BCAs into IPM, farmers 

can achieve effective, economical, and environmentally sound pest and disease management, 

contributing to the sustainability and resilience of modern agriculture. 

2. NEED FOR BIOLOGICAL CONTROL IN MUSTARD 

The necessity for biological control in mustard crop management arises from several critical 

factors that underscore the limitations of traditional chemical-based approaches and the benefits of 

sustainable alternatives. Mustard, a vital oilseed crop, is susceptible to various pests and diseases, 

most notably Alternaria blight caused by Alternaria brassicae. This fungal disease can cause 

significant yield losses and degrade the quality of the harvest, posing a severe threat to mustard 

production. Traditional management strategies have relied heavily on chemical fungicides, but these 

methods have significant drawbacks, including environmental pollution, human health risks, and the 

development of fungicide-resistant pathogen strains.Chemical fungicides, while effective in the short 

term, pose serious environmental and health concerns. The extensive use of these chemicals can lead 

to soil and water contamination, harming non-target organisms such as beneficial insects, soil 

microbes, and even aquatic life. Additionally, the accumulation of chemical residues in the food 

chain can have adverse effects on human health, leading to increased scrutiny and regulation of 

pesticide use. The reliance on chemical control also contributes to the emergence of resistant strains 

of A. brassicae, making it increasingly difficult to manage the disease with available fungicides. This 

resistance development necessitates higher doses and more frequent applications of chemicals, 

further exacerbating environmental and health risks.Biological control offers a sustainable and 



Juni Khyat                                                                                                                 ISSN: 2278-4632 

(UGC Care Group I Listed Journal)                                                     Vol-13, Issue-07, July 2023 

Page | 77                                                                                                    Copyright @ 2023 Author 

environmentally friendly alternative to chemical pesticides. By utilizing natural enemies of pests and 

pathogens, such as beneficial fungi, bacteria, and viruses, biological control methods can effectively 

suppress disease outbreaks without the negative side effects associated with chemical treatments. For 

instance, beneficial fungi like Trichoderma spp. and beneficial bacteria like Bacillus spp. have shown 

promise in controlling A. brassicae through mechanisms such as competition, parasitism, and the 

induction of plant defences. These biocontrol agents are specific to their targets and do not harm 

beneficial organisms, thus preserving biodiversity and maintaining ecological balance in agricultural 

systems.The economic benefits of biological control are also significant. Although the initial costs of 

implementing biological control methods may be higher due to the need for research, development, 

and farmer education, the long-term savings are considerable. Reduced reliance on expensive 

chemical fungicides lowers production costs, while healthier crops can lead to higher yields and 

better market prices. Furthermore, the use of biological control aligns with the growing consumer 

demand for organic and sustainably produced food, opening up premium markets for mustard 

farmers.Biological control is also compatible with integrated pest management (IPM) strategies, 

which combine multiple methods to manage pests and diseases in a holistic manner. By integrating 

biological control agents with cultural practices, such as crop rotation and proper sanitation, and with 

targeted chemical applications when necessary, farmers can achieve more effective and sustainable 

disease management. This integrated approach helps to mitigate the risks associated with any single 

control method and enhances the resilience of mustard crops to pest and disease pressures. 

 

➢ Limitations of chemical control 

Chemical control, primarily through the use of synthetic pesticides and fungicides, has long been a 

staple in agricultural disease management. However, this approach has several significant limitations 

that challenge its long-term effectiveness and sustainability.  

1. Environmental Impact: One of the foremost limitations of chemical control is its detrimental 

impact on the environment. Pesticides and fungicides can contaminate soil, water, and air, leading to 

the pollution of ecosystems. These chemicals often do not remain confined to their target areas; they 

can run off into water bodies, affecting aquatic life, or volatilize and drift to non-target sites, 

impacting wildlife and natural vegetation. The persistent nature of some chemicals means they can 

accumulate in the environment, leading to long-term ecological damage. 

2. Non-Target Effects: Chemical controls are typically broad-spectrum, meaning they can affect a 

wide range of organisms, not just the intended pests or pathogens. This non-specificity can harm 

beneficial insects, such as pollinators and natural predators, and disrupt the balance of the ecosystem. 

The reduction of beneficial organisms can lead to secondary pest outbreaks, where pests previously 

kept in check by natural predators proliferate. 
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3. Human Health Risks: The use of chemical pesticides and fungicides poses significant risks to 

human health. Agricultural workers and farmers who apply these chemicals are at risk of exposure, 

which can lead to acute and chronic health issues, including respiratory problems, skin conditions, 

and even cancers. Consumers may also be exposed to pesticide residues on food, which can pose 

long-term health risks, particularly for vulnerable populations such as children and pregnant women. 

4. Development of Resistance: One of the most critical limitations of chemical control is the 

development of resistance among target pests and pathogens. Over time, pests and pathogens can 

evolve resistance to chemical treatments through natural selection. This resistance necessitates higher 

doses or more frequent applications of chemicals to achieve the same level of control, increasing 

costs and environmental impact. In some cases, pests can become so resistant that the chemicals 

become entirely ineffective. 

5. Economic Costs: The reliance on chemical controls can be economically burdensome for farmers. 

The costs of purchasing and applying pesticides and fungicides can be significant, especially as 

resistance necessitates higher doses and more frequent applications. Additionally, there can be 

regulatory costs associated with compliance with safety and environmental regulations governing 

pesticide use. The financial burden can be particularly challenging for small-scale farmers with 

limited resources. 

6. Regulatory and Market Pressures: Increasingly stringent regulations on pesticide use reflect 

growing awareness of the risks associated with chemical controls. Regulatory bodies worldwide are 

imposing stricter limits on the types and amounts of chemicals that can be used, and this trend is 

likely to continue. Moreover, consumer demand is shifting toward sustainably produced food with 

fewer chemical residues, putting additional pressure on farmers to reduce their reliance on synthetic 

pesticides and fungicides. 

7. Soil Health and Fertility: The prolonged use of chemical pesticides and fungicides can negatively 

affect soil health. These chemicals can disrupt the microbial communities in the soil, reducing its 

fertility and structure. Healthy soils are vital for sustainable crop production, and the degradation of 

soil health can lead to long-term declines in agricultural productivity. 

➢ Benefits of biological control 

Biological control offers a sustainable and environmentally friendly alternative to chemical 

pesticides and fungicides in agricultural pest and disease management. This approach harnesses 

natural enemies of pests and pathogens to suppress their populations, providing several significant 

benefits for agricultural ecosystems and human health. 

1. Environmental Sustainability: Perhaps the most prominent benefit of biological control is its 

minimal impact on the environment compared to chemical controls. Biological control agents 

(BCAs), such as beneficial fungi, bacteria, viruses, and predatory insects, occur naturally in 

ecosystems and specifically target pests or pathogens without harming beneficial organisms. This 

specificity reduces non-target effects and preserves biodiversity, contributing to overall ecological 

balance and sustainability. 

2. Reduced Chemical Dependency: Biological control reduces the reliance on synthetic pesticides 

and fungicides, thereby mitigating the associated environmental and health risks. Farmers can 

minimize chemical inputs, lowering the contamination of soil, water, and air with harmful residues. 

This reduction in chemical dependency also helps mitigate the development of pesticide resistance 

among pests and pathogens, ensuring the long-term effectiveness of pest management strategies. 
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3. Targeted Pest Control: BCAs are often highly specific to their target pests or pathogens, making 

them effective tools for integrated pest management (IPM). Unlike broad-spectrum chemicals, which 

can indiscriminately affect beneficial insects and disrupt ecological balances, BCAs exert control 

through mechanisms such as parasitism, predation, competition, or the induction of host plant 

resistance. This targeted approach allows for effective pest suppression while minimizing unintended 

consequences. 

4. Persistence and Self-Sustaining Control: Biological control agents can establish populations and 

persist in agricultural ecosystems, providing ongoing pest management benefits. Once introduced, 

BCAs can reproduce and spread naturally, offering continuous protection against pests and 

pathogens. This persistence reduces the need for frequent reapplication compared to chemical 

treatments, thereby lowering labour and material costs for farmers. 

5. Enhanced Soil and Plant Health: Many biological control agents contribute to improved soil health 

and plant vigour. For example, beneficial fungi like Trichoderma spp. can promote plant growth and 

enhance nutrient uptake, leading to healthier and more resilient crops. By fostering a balanced soil 

microbiome, BCAs contribute to sustainable agricultural practices that support long-term soil fertility 

and productivity. 

6. Safe for Human and Animal Health: Biological control agents are generally considered safe for 

humans, animals, and beneficial insects when used according to recommended guidelines. Unlike 

chemical pesticides, which can pose risks to applicators, consumers, and wildlife through direct 

exposure or residue on food, BCAs offer a safer alternative for agricultural workers and consumers 

alike. 

7. Compatibility with Organic Farming Practices: Biological control aligns well with organic farming 

principles and practices. Organic farmers, who prioritize natural and sustainable methods of pest and 

disease management, often rely on BCAs as key components of their pest control strategies. BCAs 

complement other organic practices such as crop rotation, cover cropping, and soil health 

management, promoting holistic and environmentally responsible farming systems. 

➢ Integration with other IPM strategies 

Integrated Pest Management (IPM) is a holistic approach to pest and disease management that 

emphasizes the use of multiple complementary strategies to achieve effective and sustainable control. 

Biological control plays a crucial role within the framework of IPM by integrating seamlessly with 

other pest management tactics, thereby enhancing overall effectiveness and sustainability.Cultural 

practices such as crop rotation, intercropping, and the use of resistant crop varieties are fundamental 

components of IPM. These practices create unfavourable conditions for pests and pathogens, disrupt 

their life cycles, and enhance the resilience of crops to diseases. When combined with biological 

control, cultural practices contribute to a comprehensive defence against pests and diseases. For 

example, planting pest-resistant varieties alongside biological control agents that target specific pests 

can significantly reduce pest populations and disease incidence, thereby minimizing the need for 

chemical interventions.Regular monitoring and early detection of pest and disease outbreaks are 

critical IPM strategies that allow farmers to intervene promptly and effectively. Biological control 

agents can be integrated into monitoring programs to assess pest populations and disease incidence. 

By establishing thresholds for intervention based on biological control efficacy and pest levels, 

farmers can implement timely and targeted control measures, such as releasing beneficial insects or 

applying microbial agents, to prevent outbreaks before they escalate. While minimizing chemical 

pesticide use is a primary goal of IPM, there are situations where targeted chemical treatments may 

be necessary. Biological control agents can complement chemical controls by reducing the frequency 
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and intensity of pesticide applications. For example, BCAs can be used pre-emptively to suppress 

pest populations below economically damaging levels, allowing for reduced doses or more selective 

application of pesticides. This integrated approach minimizes the development of pesticide resistance 

and mitigates the environmental and health risks associated with chemical pesticides.Habitat 

management practices, such as maintaining hedgerows, cover crops, and insectary plants, play a 

crucial role in supporting beneficial insects and enhancing biological control services. These habitats 

provide shelter, alternative food sources, and breeding sites for natural enemies of pests, such as 

predatory insects and parasitic wasps. Integrating habitat management with biological control fosters 

diverse and stable predator-prey interactions within agro-ecosystems, enhancing the effectiveness 

and sustainability of pest management efforts.Advances in technology have facilitated the 

development of decision support systems (DSS) that integrate biological, environmental, and 

agronomic data to optimize pest management decisions. DSS can incorporate information on pest life 

cycles, weather conditions, and the efficacy of biological control agents to recommend timely and 

precise interventions. By utilizing DSS, farmers can make informed decisions that maximize the 

efficacy of biological control while minimizing reliance on chemical inputs, promoting sustainable 

agricultural practices.Successful implementation of IPM, including biological control, requires 

collaboration and engagement with stakeholders across the agricultural value chain. Educating 

farmers, extension agents, and consumers about the benefits of biological control and IPM practices 

fosters adoption and support. Stakeholder engagement also promotes knowledge sharing, innovation, 

and the development of locally adapted solutions that enhance the effectiveness of biological control 

within diverse farming systems. In summary, the integration of biological control with other IPM 

strategies enhances the resilience, sustainability, and efficacy of pest and disease management in 

agriculture. By combining cultural practices, monitoring, selective chemical controls, habitat 

management, decision support systems, and stakeholder engagement with biological control, farmers 

can achieve effective and environmentally responsible pest management while promoting the long-

term health and productivity of agricultural systems. This integrated approach represents a paradigm 

shift towards sustainable agriculture, addressing the challenges of pest control while minimizing 

environmental impact and maximizing economic returns for farmers. 

3. TYPES OF BIOLOGICAL CONTROL AGENTS 

➢ Beneficial Fungi 

Beneficial Fungi, such as Trichoderma spp. and Clonostachys rosea, play critical roles in 

sustainable agriculture by offering natural solutions to pest and disease management challenges. 

These fungi exhibit diverse mechanisms of action that contribute to their effectiveness in controlling 

plant pathogens and promoting plant health.Trichoderma spp. and Clonostachys rosea are prominent 

examples of beneficial fungi used in agriculture for biological control purposes. Trichoderma 

species, including Trichoderma harzianum,Trichoderma viride, and Trichoderma atroviride, are 

widely studied and commercially available as biocontrol agents. Similarly, Clonostachys rosea, also 

known as Gliocladium roseum, has shown efficacy in suppressing various plant pathogens. 
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Mode of Action: 

1. Competition: Beneficial fungi like Trichoderma spp. and Clonostachys rosea compete with 

pathogenic fungi for space, nutrients, and resources on plant surfaces and in the soil. By establishing 

themselves in the rhizosphere and phyllosphere, they create an ecological niche that inhibits the 

growth and establishment of pathogenic organisms. This competitive exclusion reduces the incidence 

of diseases such as damping-off, root rot, and foliar diseases in crops. 

2. Parasitism: Some beneficial fungi exhibit parasitic behaviour towards plant pathogens. 

Trichoderma species, for instance, can parasitize other fungi by coiling around their hyphae and 

penetrating their cell walls. This parasitic activity disrupts the structural integrity of the pathogen, 

leading to its eventual collapse and death. This mechanism is particularly effective against soil-borne 

pathogens like Rhizoctonia solani and Pythium spp., which cause damping-off and root rot diseases. 

3. Enzyme Production: Beneficial fungi produce a range of extracellular enzymes, such as chitinases, 

glucanases, proteases, and cellulases, which play key roles in antagonizing pathogens. These 

enzymes degrade the cell walls and structural components of fungal pathogens, weakening their 

defences and facilitating their degradation. By breaking down complex polymers present in plant 

debris and pathogens, these enzymes contribute to nutrient cycling and soil health, further promoting 

plant growth and resilience. 

Beneficial fungi offer a sustainable alternative to synthetic chemicals, reducing the environmental 

impact associated with pesticide use. They do not leave harmful residues in the environment and are 

compatible with organic farming practices.By colonizing plant roots and surrounding soil, beneficial 

fungi enhance plant nutrient uptake and improve tolerance to abiotic stresses such as drought and 

salinity. This symbiotic relationship promotes overall plant health and vigour, leading to increased 

yields and quality of agricultural produce.Beneficial fungi integrate seamlessly with other IPM 

strategies, including cultural practices, biological controls, and selective chemical treatments. This 

holistic approach maximizes pest and disease control efficacy while minimizing risks associated with 

single-control methods.In conclusion, beneficial fungi such as Trichoderma spp. and Clonostachys 

rosea represent valuable tools in sustainable agriculture, offering multifaceted benefits for crop 

protection and enhancement. Their ability to compete with pathogens, parasitize their targets, and 

produce enzymes that degrade pathogen cell walls underscores their importance in modern 

agricultural practices aimed at reducing chemical inputs and promoting environmental stewardship. 

Continued research and innovation in harnessing the potential of beneficial fungi will further 

advance their role in integrated pest and disease management systems worldwide. 

➢ Beneficial Bacteria 
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Beneficial Bacteria, such as Bacillus spp. and Pseudomonas spp., are invaluable allies in 

sustainable agriculture, offering natural solutions for managing pests and diseases while promoting 

plant growth and health. These bacteria employ various mechanisms of action that contribute to their 

effectiveness in biological control and plant protection.Bacillus spp. and Pseudomonas spp. are well-

known genera of beneficial bacteria widely studied and utilized in agriculture for their biocontrol 

properties. Within these genera, species like Bacillus subtilis, Bacillus thuringiensis, Pseudomonas 

fluorescens, and Pseudomonas putida have demonstrated efficacy in suppressing plant pathogens and 

enhancing plant defences. 

Mode of Action: 

1. Antibiotic Production: Beneficial bacteria produce antibiotics and antimicrobial compounds that 

inhibit the growth of plant pathogens. For example, Bacillus spp. can synthesize antibiotics such as 

bacillomycin, iturin, and surfactin, which disrupt the cell membranes or metabolic pathways of 

fungal and bacterial pathogens. These antibiotics help to suppress diseases such as damping-off, root 

rot, and bacterial leaf blight in crops. 

2. Competition: Beneficial bacteria compete with pathogenic organisms for nutrients, space, and 

ecological niches on plant surfaces and in the rhizosphere. By colonizing root systems and adhering 

to plant tissues, they establish populations that outcompete and exclude pathogens. This competitive 

exclusion reduces the availability of resources needed for pathogen growth and establishment, 

thereby suppressing disease development. 

3. Induced Systemic Resistance (ISR): Some beneficial bacteria induce systemic resistance in plants, 

triggering their natural defence mechanisms against pathogens. Upon recognition of specific 

bacterial signals or elicitors, plants activate defence pathways that strengthen cell walls, produce 

antimicrobial compounds, and enhance the expression of defence-related genes. This induced 

resistance primes plants to withstand subsequent pathogen attacks more effectively, reducing disease 

severity and crop losses. 

Beneficial bacteria provide a sustainable alternative to chemical pesticides by reducing reliance on 

synthetic chemicals. They do not leave harmful residues in the environment and are compatible with 

organic farming practices, promoting environmental stewardship.Beneficial bacteria contribute to 

plant growth promotion by enhancing nutrient uptake, synthesizing growth-promoting substances 

like phytohormones, and improving tolerance to abiotic stresses such as drought and salinity. This 

symbiotic relationship fosters healthier, more resilient plants with increased yields and 

quality.Beneficial bacteria complement other IPM strategies, including cultural practices, biological 

controls, and selective chemical treatments. Their ability to suppress pathogens, induce plant 

resistance, and promote overall plant health supports a holistic approach to pest and disease 

management.In conclusion, beneficial bacteria such as Bacillus spp. and Pseudomonas spp. play 

pivotal roles in sustainable agriculture by offering effective and environmentally friendly solutions 

for pest and disease management. Their diverse mechanisms of action, including antibiotic 

production, competition with pathogens, and induction of plant resistance, underscore their 

importance in integrated pest management systems aimed at enhancing crop productivity while 

minimizing environmental impacts. Continued research and application of beneficial bacteria hold 

promise for advancing sustainable agriculture practices worldwide. 

➢ Beneficial Viruses 

Beneficial viruses, particularly mycoviruses, represent a unique and promising approach to 

biological control in agriculture. These viruses infect fungal pathogens and exert their beneficial 
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effects through various mechanisms, primarily by disrupting essential fungal cellular processes. 

Mycoviruses are viruses that infect fungi, including plant pathogens. They are naturally occurring 

and can be harnessed for biological control purposes in agriculture. Examples include viruses that 

infect fungal pathogens such as Botrytis cinerea, Rhizoctonia solani, and Fusarium spp. 

Mode of Action: 

1. Disruption of Fungal Cellular Processes: Mycoviruses interfere with critical cellular processes 

within fungal pathogens, leading to reduced virulence and pathogenicity. These viruses can disrupt 

various fungal functions such as RNA replication, protein synthesis, and cell division. By 

compromising these essential processes, mycoviruses weaken the ability of fungal pathogens to 

infect and colonize host plants effectively. 

2. Induction of Hypovirulence: Some mycoviruses induce a phenomenon known as hypovirulence in 

their fungal hosts. Hypovirulence results in reduced fungal growth, sporulation, and pathogenicity. 

Infected fungi exhibit attenuated virulence traits, making them less damaging to crops. This natural 

attenuation of pathogenicity can be exploited to manage fungal diseases effectively. 

3. Competitive Exclusion: In addition to directly impacting fungal pathogens, mycoviruses can 

indirectly influence pathogen populations through competitive exclusion. By establishing persistent 

infections within fungal populations, mycoviruses compete with other pathogenic traits or strains, 

reducing the overall severity of fungal diseases in agricultural settings. 

Beneficial viruses offer a sustainable alternative to chemical fungicides by specifically targeting 

fungal pathogens. They do not leave harmful residues in the environment and are compatible with 

organic farming practices, promoting ecological balance and environmental 

stewardship.Mycoviruses provide targeted control against specific fungal pathogens without 

affecting non-target organisms or beneficial microbes. This specificity minimizes unintended 

ecological disruptions and preserves natural biodiversity in agro-ecosystems.Beneficial viruses can 

be integrated into Integrated Pest Management (IPM) strategies alongside other biological, cultural, 

and chemical control methods. Their ability to suppress fungal diseases complements holistic pest 

management approaches, contributing to sustainable crop protection practices.In conclusion, 

beneficial viruses, particularly mycoviruses, represent an innovative and environmentally friendly 

approach to managing fungal diseases in agriculture. Their ability to disrupt fungal cellular 

processes, induce hypovirulence, and competitively exclude pathogenic strains underscores their 

potential as valuable tools in integrated disease management strategies. Continued research and 

application of beneficial viruses hold promise for enhancing crop health, productivity, and 

sustainability in global agricultural systems. 

4. MECHANISMS OF ACTION 

➢ Direct Antagonism 

Direct antagonism by beneficial microorganisms is a fundamental strategy in biological control, 

involving the production of antimicrobial compounds and lytic enzymes to combat plant pathogens. 

These mechanisms play a crucial role in suppressing diseases and promoting plant health in 

agricultural systems. Beneficial microorganisms, such as bacteria (Bacillus spp., Pseudomonas spp.) 

and fungi (Trichoderma spp.), are adept at producing a wide array of antimicrobial compounds. 

These compounds act by inhibiting the growth and proliferation of pathogenic microorganisms, 

thereby reducing disease incidence. Antibiotics are among the most well-known antimicrobial 

compounds produced by beneficial bacteria. For instance, Bacillus subtilis synthesizes antibiotics 

like bacillomycin and iturin, while Pseudomonas fluorescens produces compounds such as 
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pyrrolnitrin. These antibiotics disrupt essential cellular processes in pathogens, including cell wall 

synthesis, membrane integrity, and protein production. By interfering with these processes, 

antibiotics effectively weaken and kill pathogens, preventing them from causing disease in 

plants.Volatile Organic Compounds (VOCs) are another group of antimicrobial agents produced by 

beneficial microorganisms. These VOCs are released into the surrounding environment and can 

inhibit the growth of pathogens. Examples include compounds like hydrogen cyanide (HCN), which 

is produced by Pseudomonas spp., and various volatile sulphur compounds emitted by certain 

Trichoderma spp. These VOCs disrupt pathogen metabolism or induce stress responses, contributing 

to disease suppression.Secondary Metabolites also play a significant role in antimicrobial activity. 

Fungi such as Trichoderma spp. produce secondary metabolites like trichothecenes and gliotoxin. 

These metabolites have broad-spectrum antifungal and antibacterial properties, helping to protect 

plants from pathogenic invaders.In addition to antimicrobial compounds, beneficial microorganisms 

produce lytic enzymes that degrade and break down the cell walls and structural components of 

pathogens. These enzymes include chitinases, glucanases, proteases, and cellulases, each targeting 

specific components of fungal and bacterial cell wallsChitinases and glucanases hydrolyse chitin and 

glucans, respectively, which are major components of fungal cell walls. By breaking down these 

structural barriers, lytic enzymes weaken the integrity of pathogen cells, causing them to lyse and 

die. This enzymatic degradation is crucial for controlling fungal diseases such as damping-off, root 

rot, and foliar diseases. Proteases and cellulases are also important lytic enzymes produced by 

beneficial microorganisms. Proteases break down proteins essential for microbial structure and 

function, while cellulases hydrolyse cellulose, which is found in plant and microbial cell walls. 

These enzymes contribute to the degradation of pathogen cell walls, thereby limiting their ability to 

infect plants. Direct antagonism through antimicrobial compounds and lytic enzymes provides 

effective control of plant pathogens, reducing disease incidence and severity in crops. This leads to 

healthier plants, improved yield, and enhanced quality of agricultural produce. Unlike synthetic 

chemical pesticides, antimicrobial compounds and lytic enzymes produced by beneficial 

microorganisms are environmentally friendly. They do not persist in the environment, minimizing 

ecological impact, and are compatible with organic farming practices.  Direct antagonism 

mechanisms complement other strategies in integrated pest management (IPM), such as cultural 

practices and biological controls. This integrated approach enhances the sustainability and resilience 

of agricultural systems by reducing reliance on chemical inputs and promoting biological diversity. 

In summary, direct antagonism through the production of antimicrobial compounds and lytic 

enzymes by beneficial microorganisms represents a powerful biological control strategy in 

agriculture. By harnessing these mechanisms, farmers can achieve effective disease suppression 

while promoting sustainable and environmentally responsible farming practices. Continued research 

and application of direct antagonism strategies will further advance the field of integrated pest 

management and contribute to global food security. 

➢ Competition for resources 

Competition for resources is a key mechanism employed by beneficial microorganisms to suppress 

pathogens and enhance plant health in agricultural settings. This strategy involves both nutrient 

competition and space competition, each playing a crucial role in reducing the establishment and 

growth of harmful pathogens. Beneficial microorganisms, such as bacteria (Bacillus spp., 

Pseudomonas spp.) and fungi (Trichoderma spp.), compete with pathogens for essential nutrients in 

the soil and on plant surfaces. These nutrients include carbon sources, nitrogen compounds, and 

other micronutrients vital for microbial growth and metabolism. By outcompeting pathogens for 

these resources, beneficial microorganisms limit the availability of nutrients necessary for pathogen 

proliferation and survival. For instance, Trichoderma spp. are known to rapidly colonize root systems 
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and outcompete pathogenic fungi like Rhizoctonia solani for carbon sources and nitrogenous 

compounds. This competitive exclusion reduces the ability of pathogens to establish and cause 

diseases such as root rot and damping-off in susceptible crops. Similarly, bacteria like Pseudomonas 

spp. can utilize diverse carbon substrates and efficiently compete with pathogens for essential 

nutrients, thereby suppressing their growth and activity. In addition to nutrient competition, 

beneficial microorganisms engage in space competition by occupying physical niches on plant 

surfaces and in the rhizosphere. By colonizing these ecological niches, they create a barrier that 

limits the attachment and establishment of pathogens. This spatial occupation denies pathogens 

access to host tissues and prevents them from forming infection sites, thereby reducing disease 

incidence. Biofilm formation is one mechanism by which beneficial microorganisms compete for 

space. Biofilms are complex communities of microorganisms that adhere to surfaces and secrete 

extracellular matrices, forming protective layers. By forming robust biofilms on plant roots or 

surfaces, beneficial microorganisms create a physical barrier that impedes the attachment and 

colonization of pathogenic organisms. This competitive exclusion mechanism is particularly 

effective against soil-borne pathogens that rely on direct contact with plant roots for infection. 

Competition for resources by beneficial microorganisms provides a natural and sustainable means of 

disease suppression in agriculture. By reducing the availability of nutrients and physical space for 

pathogens, these microorganisms help to maintain plant health and productivity. Integrated 

management strategies that incorporate nutrient and space competition reduce reliance on synthetic 

chemical pesticides. This approach promotes environmentally friendly farming practices by 

minimizing chemical residues and mitigating ecological impacts. Beneficial microorganisms not 

only suppress pathogens but also promote plant growth by enhancing nutrient uptake, stimulating 

root development, and improving overall plant vigour. This symbiotic relationship supports healthier 

plants that are better equipped to withstand environmental stresses and produce higher yields. In 

summary, competition for resources, including nutrient and space competition, is a fundamental 

mechanism employed by beneficial microorganisms in biological control strategies. By 

outcompeting pathogens for essential resources and creating physical barriers, these microorganisms 

contribute to sustainable pest and disease management in agriculture. Continued research and 

application of resource competition mechanisms will further advance integrated pest management 

practices and enhance the resilience of agricultural systems worldwide. 

➢ Induction Of Plant Resistance 

In agricultural systems, inducing plant resistance is a pivotal strategy to enhance plant defences 

against pathogens, reducing reliance on chemical treatments and promoting sustainable crop 

production. This approach involves stimulating two main mechanisms: systemic acquired resistance 

(SAR) and induced systemic resistance (ISR). 

Systemic Acquired Resistance (SAR): 

Systemic acquired resistance is a long-lasting and broad-spectrum defence response activated in 

plants following exposure to pathogens, certain chemicals, or even beneficial microbes. This 

mechanism involves the activation of various defence pathways throughout the plant, leading to 

enhanced resistance against a wide range of pathogens.SAR is typically triggered by the recognition 

of pathogen-derived molecules, known as pathogen-associated molecular patterns (PAMPs), or by 

host-derived signals following infection. These signals induce a cascade of molecular events, 

including the production of signalling molecules like salicylic acid (SA).Upon activation, SAR 

initiates the expression of defence-related genes and the accumulation of antimicrobial compounds, 

such as pathogenesis-related (PR) proteins. PR proteins play crucial roles in inhibiting pathogen 

growth and enhancing plant immunity. The systemic nature of SAR allows for protection not only in 
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the infected area but also in distant, uninfected parts of the plant.Certain beneficial microbes, such as 

Trichoderma spp., can trigger SAR in plants through the release of elicitors or volatile organic 

compounds (VOCs). This activation primes plants to respond more effectively to subsequent 

pathogen attacks, providing durable protection against diseases. 

 

Induced Systemic Resistance (ISR): 

Induced systemic resistance is another form of plant defence activated by beneficial microorganisms 

in the absence of direct pathogen infection. Unlike SAR, ISR does not rely on SA signalling but 

instead involves the activation of jasmone acid (JA) and ethylene (ET) pathways.ISR is mediated by 

beneficial microbes, such as certain rhizosphere bacteria (Pseudomonas spp., Bacillus spp.), which 

colonize the plant roots. These microbes release elicitors or volatile signals that prime the plant's 

immune system. This priming results in the upregulation of defence-related genes and the 

accumulation of antimicrobial compounds, preparing the plant to combat pathogens more 

effectively.Similar to SAR, ISR enhances plant defences against a broad spectrum of pathogens, 

including fungi, bacteria, and nematodes. It provides systemic protection throughout the plant, 

reducing disease severity and improving overall plant health.Inducing plant resistance through SAR 

and ISR reduces the need for synthetic chemical pesticides, promoting environmentally friendly 

farming practices and minimizing chemical residues in food products.Plants primed with SAR and 

ISR exhibit enhanced resilience to various biotic stresses, including pathogen attacks. This resilience 

contributes to stable crop yields and improved farm profitability.SAR and ISR can be integrated into 

integrated pest management (IPM) strategies, alongside cultural practices and biological controls. 

This holistic approach enhances the sustainability and resilience of agricultural systems by reducing 

disease pressure and maintaining ecosystem balance. In conclusion, induction of plant resistance 

through SAR and ISR represents a promising approach to sustainable agriculture. By harnessing 

these natural defence mechanisms, farmers can effectively manage plant diseases, enhance crop 

productivity, and reduce environmental impacts associated with chemical inputs. Continued research 

and application of SAR and ISR strategies will further advance integrated pest management practices 

and support global food security initiatives. 
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5.  APPLICATION METHODS FOR BIOLOGICAL CONTROL AGENTS 

➢ Seed treatment 

Seed treatment involving the coating of seeds with biocontrol agents (BCAs) is a proactive approach 

in agriculture aimed at enhancing seedling vigour, protecting against soil-borne pathogens, and 

promoting plant health. This method involves applying beneficial microorganisms, such as fungi and 

bacteria, directly onto seeds before planting. Coating seeds with biocontrol agents provides early 

protection against soil-borne pathogens. These pathogens can include fungi like Rhizoctonia, 

Fusarium, and Pythium, which commonly cause damping-off and root rot diseases. By establishing a 

protective layer of beneficial microorganisms around the seed, the germinating seedling is shielded 

from initial pathogen attacks. Biocontrol agents applied via seed coating can enhance seedling vigour 

by promoting root development and nutrient uptake. Beneficial microorganisms can colonize the 

emerging roots and help in nutrient mobilization, making essential nutrients more available to the 

seedling. Seed coating with biocontrol agents reduces the reliance on synthetic chemical pesticides 

and fungicides. This approach aligns with sustainable agriculture practices by minimizing chemical 

residues in the environment and on the harvested crops. Integrated Pest Management (IPM) 

strategies benefit from seed treatments with biocontrol agents. By starting protection at the seed 

stage, farmers can integrate biological controls with other management practices, such as crop 

rotation and sanitation, for comprehensive pest and disease management. 

Challenges: 

1. Effectiveness and Consistency: The efficacy of biocontrol agents can vary depending on 

environmental conditions, soil type, and pathogen pressure. Achieving consistent results across 

different field conditions and crop varieties can be challenging. 

2. Application Techniques: Proper application techniques are critical for ensuring uniform 

distribution of biocontrol agents on seeds. Factors such as seed size, coating adherence, and 

compatibility with other seed treatments (e.g., fungicides) need to be considered to optimize 

effectiveness. 

3. Storage Stability: Maintaining the viability and stability of biocontrol agents on seeds during 

storage can be challenging. Conditions such as temperature, humidity, and duration of storage can 

affect the survival and activity of these microorganisms. 

4. Regulatory Considerations: Regulatory approval and compliance for using biocontrol agents on 

seeds vary by region and country. Ensuring that seed treatments meet regulatory standards for 

efficacy, safety, and environmental impact is essential for widespread adoption. 

In summary, seed treatment by coating seeds with biocontrol agents offers significant advantages in 

terms of early protection against soil-borne pathogens, enhanced seedling vigour, and reduced 

chemical inputs in agriculture. However, challenges related to efficacy under diverse field 

conditions, application techniques, storage stability, and regulatory requirements need to be 

addressed to maximize the benefits of this sustainable pest management strategy. Continued research 

and innovation are crucial for advancing the use of biocontrol agents in seed treatments and 

supporting sustainable agricultural practices globally. 

➢ Foliar spray 

Foliar spray is a common method used in agriculture to apply pesticides, fertilizers, and other 

agricultural products directly onto the leaves of plants. This technique is crucial for delivering 

nutrients or protective substances to crops, but its effectiveness depends on proper application 
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techniques and ensuring thorough coverage of plant surfaces. Use of appropriate spray equipment is 

essential for effective foliar applications. This includes backpack sprayers, tractor-mounted sprayers, 

air-assisted sprayers, or aerial application systems depending on the scale of farming and crop type. 

The choice of spray nozzles influences droplet size and spray pattern, affecting coverage and 

penetration. Selecting nozzles that produce fine droplets and provide uniform distribution across the 

target area is critical. Proper calibration of spray equipment ensures accurate application rates and 

uniform coverage. Calibration involves adjusting sprayer settings, such as pressure and nozzle 

orientation, to achieve desired droplet size and distribution. Optimal timing for foliar sprays is 

crucial to maximize effectiveness. Apply treatments during calm weather conditions to minimize 

drift and ensure thorough coverage. Avoid spraying during windy or rainy periods, which can reduce 

spray deposition and efficacy. Use of adjuvants, such as surfactants or stickers, can enhance spray 

coverage and adherence to plant surfaces. Surfactants reduce surface tension, allowing droplets to 

spread evenly, while stickers improve retention on leaves. Employ a systematic approach to ensure 

all plant surfaces, including upper and lower leaf surfaces, stems, and buds, receive adequate 

coverage. Adjust spray angles and nozzle positions to reach difficult-to-access areas. Apply sufficient 

spray volume to achieve uniform coverage without runoff or excessive dripping. Adjust application 

rates based on crop growth stage, foliage density, and target pest or nutrient requirements. Monitor 

spray coverage using visual inspection or water-sensitive paper to assess uniformity and adjust 

application techniques as needed. Evaluate coverage effectiveness by observing droplet deposition 

and distribution on plant surfaces. Alter spray patterns and directions during application to ensure 

overlapping coverage and avoid missing areas. Consider alternating spray directions (e.g., horizontal 

and vertical) to achieve comprehensive coverage. 

Benefits of Effective Coverage: 

Maximized Efficacy: Ensuring thorough coverage enhances the efficacy of foliar sprays, optimizing 

nutrient uptake or pest control. 

Reduced Waste: Proper application techniques minimize product wastage and environmental impact 

by delivering substances directly to target areas. 

Improved Crop Health: Enhanced coverage promotes uniform distribution of nutrients or protective 

agents, supporting healthy plant growth and resilience against pests and diseases. 

In summary, effective application techniques and ensuring thorough coverage are essential for 

successful foliar spray applications in agriculture. By employing proper equipment, calibration, 

timing, and monitoring practices, farmers can maximize the benefits of foliar sprays and enhance 

overall crop productivity and health. 

➢ Soil application 

Soil application methods play a crucial role in agriculture for delivering nutrients, amendments, and 

beneficial microorganisms directly to the root zone of plants. This approach, which includes 

drenches and incorporation techniques, is essential for promoting plant health, enhancing nutrient 

availability, and managing soil-borne pests and diseases effectively. Soil drenching involves applying 

liquid solutions directly to the soil surface around the base of plants or through irrigation systems. 

This method allows for targeted delivery of nutrients, biocontrol agents, or chemical treatments 

directly to the root zone. Drenches are typically applied in measured quantities to ensure uniform 

distribution around the plant roots. This method is effective for delivering water-soluble fertilizers, 

systemic pesticides, and biocontrol agents, such as beneficial bacteria (Bacillus spp., Pseudomonas 

spp.) or fungi (Trichoderma spp.), which establish in the rhizosphere. Drenching provides localized 
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treatment to the root zone, minimizing environmental exposure and off-target effects. Nutrients and 

biocontrol agents applied via drenches are quickly absorbed by plant roots, enhancing nutrient uptake 

and promoting beneficial microorganism establishment in the soil. Soil incorporation involves 

mixing amendments or treatments directly into the soil before planting or during cultivation. This 

method ensures even distribution of materials throughout the root zone and improves soil structure 

and fertility. Incorporation can be achieved using mechanical tillage equipment or manual methods, 

depending on the scale of farming and soil conditions. Amendments such as compost, organic matter, 

or biocontrol agents are thoroughly mixed into the soil to promote beneficial microbial activity and 

enhance nutrient availability. Incorporation ensures uniform distribution of amendments and 

treatments in the root zone, optimizing plant access to nutrients and biocontrol agents. Amendments 

incorporated into the soil persist longer compared to surface applications, providing sustained 

benefits for plant growth and soil health. 

Establishing Beneficial Populations in the Root Zone: 

1. Rhizosphere Colonization: Beneficial microorganisms, including bacteria and fungi, play critical 

roles in the rhizosphere by colonizing plant roots and forming symbiotic relationships. These 

microorganisms can enhance nutrient uptake, suppress soil-borne pathogens, and stimulate plant 

growth through various mechanisms. 

2. Methods: To establish beneficial populations in the root zone: 

Inoculating seeds or seedlings with biocontrol agents before planting ensures early establishment and 

colonization in the rhizosphere. Regular applications of biocontrol agents via drenches or 

incorporation maintain and enhance beneficial populations in the root zone throughout the crop 

growth cycle. Combining soil application methods with cultural practices, such as crop rotation and 

organic amendments, supports the establishment of diverse and resilient microbial communities in 

the soil. 

3. Benefits: 

Beneficial microorganisms compete with pathogens for nutrients and space in the rhizosphere, 

reducing disease incidence and severity. Microbial activity in the root zone enhances nutrient cycling 

and availability, improving plant nutrition and soil fertility. Soil application of biocontrol agents 

promotes sustainable agriculture by reducing reliance on synthetic chemicals and enhancing 

ecosystem resilience. In summary, soil application methods such as drenches and incorporation are 

integral to delivering nutrients, biocontrol agents, and amendments effectively to the root zone of 

plants. By establishing beneficial populations in the rhizosphere, farmers can enhance plant health, 

manage soil-borne pests and diseases, and promote sustainable agricultural practices globally. 

Continued research and innovation in soil microbiology and agronomy are essential for optimizing 

these soil application techniques and maximizing their benefits in modern farming systems. 

6. CONCLUSION 

Biological control agents (BCAs) represent a promising and sustainable approach for managing 

Alternaria blight in mustard crops, offering effective alternatives to conventional chemical pesticides. 

This comprehensive review has highlighted the potential of various BCAs, including beneficial fungi 

(Trichoderma spp., Clonostachys rosea), bacteria (Bacillus spp., Pseudomonas spp.), and viruses, in 

suppressing Alternaria brassicae, the causal agent of Alternaria blight. BCAs exert their effectiveness 

through mechanisms such as competition for nutrients and space, production of antimicrobial 

compounds, and induction of plant resistance mechanisms like systemic acquired resistance (SAR) 

and induced systemic resistance (ISR). These mechanisms not only inhibit pathogen growth but also 
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enhance the overall resilience of mustard plants against disease outbreaks. In conclusion, the 

adoption of biological control agents presents a viable and environmentally responsible approach for 

managing Alternaria blight in mustard crops. By leveraging the natural antagonistic properties of 

BCAs, farmers can achieve sustainable disease management practices while safeguarding crop 

productivity and environmental health for future generations. 

REFERENCES 

[1]. Sahu, D. K., Khare., C.P., Singh, H.K. and Thakur, M.P.2013. Evaluation of newer fungicide for 

management of early blight of tomato in Chhattisgarh. The Bioscan. 8(4): 1255-1259.  

[2]. Singh, S. P., Singh, H. B. and Singh, D. K. 2013. Trichoderma harzianum and Pseudomonas sp. 

mediated management of Sclerotium rolfsii rot in tomato (Lycopersicon esculentum Mill). The 

Bioscan. 8(3): 801-804.  

[3]. Yadav, P. M., Rakholia, K. B. and Pawar, D. M. 2013. Evaluation of bioagents for management 

of onion purple blotch and bulb yield loss assessment under field conditions. The Bioscan. 8(4): 

1295-1298. 

[4]. Meena, P. D., Awasthi, R. P., Chattopadhyay, C., Kolte, S. J., & Kumar, A. (2016). Alternaria 

blight: a chronic disease in rapeseed-mustard. Journal of oilseed brassica, 1(1), 1-11.  

[5]. Meena, P. D., Chattopadhyay, C., Kumar, A., Awasthi, R. P., Singh, R., Kaur, S., & Chand, P. 

(2011). Comparative study on the effect of chemicals on Alternaria blight in Indian mustard-A 

multi-location study in India. Journal of environmental biology, 32(3), 375. 

[6]. J. Thomas, K.M. Kuruvilla, & T.K. Hrideek. Mustard. In Handbook of herbs and spices (pp. 388- 

398). Woodhead Publishing (2012). 

[7]. R. Kumar, R. Kaur, I. Singh, S. Kaur, & H. Singh. Trait association and diversity in exotic lines 

of Indian mustard. J. Oilseeds B. 9, 53-58 (2018). 

[8]. R. Kumar, P.S. Slathia, R. Peshin, S.K. Gupta & M.S. Nain. A Test to Measure the Knowledge of 

Farmers about Rapeseed Mustard Cultivation. Indian J. Ext. Edu. 52, 157-159 (2016)  

[9]. H.K. Singh, R.B. Singh, P. Kumar, M. Singh, J.K. Yadav, P.K. Singh, & M.K. Maurya. Alternaria 

blight of rapeseed-mustard: a review. J. Environ Biol. 38, 1405-1420 (2017).  

[10]. A.N. Bhanu, K. Srivastava, & R.K. Singh. Advances in agronomic management in Indian 

mustard for Eastern Uttar Pradesh. Acta. Sci. Agric. 3, 70-79 (2019).  

[11]. D. Rai, A.K. Mishra, A. Pandey. Integrated Management of Alternaria Blight in Indian 

Mustard. The Bios. 9, 1247-1249 (2014).  

[12]. S. Gupta. Biological control of Alternaria brassicae causing blight disease of Indian mustard 

Brassica juncea L through microbial consortium (2019). 

[13]. R.S. Netam, S.C. Mukherjee, J.L. Salam and P.S. Netam, SG College of Agriculture & 

Research Station, IGKV, Jagdalpur, Bastar (CG), India.- Management of Alternaria Leaf and Pod 

Blight Diseases of Mustard through combination of BioAgents, Fungicides, Micronutrients and 

Cultural Operations in Bastar Plateau of Chhattisgarh. International Journal of Current 

Microbiology and Applied Sciences ISSN: 2319-7706 Volume 7 Number 11 (2018).  

[14]. Sundar K Shrestha, Lisa Munk and Suresh B Mathur. Plant Pathology DivisionNARC, 

Khumaltar-Lalitpur-Nepal, Royal Veterinary and Agricultural University (KVL), Department of 

Plant Biology, Denmark. Danish Government Institute of Seed Pathology for Developing 

Countries, KVL, Denmark. -Role of weather on Alternaria Leaf Blight Disease and its effect on 

Yield and Yield Components of Mustard1. Nepal Agric. Res. J. Vol. 6: 62-70. 2005. 

 


