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Abstract 

Leguminous crops are among the most important agricultural commodities worldwide because of their 

nutritional value, nitrogen-fixing ability, and contribution to sustainable agriculture. However, production 

of legumes is significantly constrained by several fungal diseases, among which Alternaria diseases have 

emerged as serious threats in diverse agro-climatic regions. Species of the genus Alternaria infect a wide 

range of legume crops including clusterbean, chickpea, soybean, mungbean, cowpea, lentil, pea, 

pigeonpea, and blackgram. These pathogens cause leaf spots, blights, pod infections, seed discoloration, 

and severe yield losses under favorable environmental conditions. The present review summarizes current 

knowledge on taxonomy, biology, symptomatology, epidemiology, pathogenic variability, host-pathogen 

interaction, toxin production, disease cycle, and integrated management of Alternaria diseases in legumes. 

Environmental factors such as temperature, humidity, rainfall, and crop canopy significantly influence 

disease development and spread. Modern molecular tools have improved understanding of pathogen 

diversity and disease diagnostics. Integrated disease management involving resistant cultivars, cultural 

practices, biological control agents, botanicals, fungicides, and advanced molecular approaches offers 

sustainable disease suppression. The review also highlights future research priorities including climate-

resilient disease management, genomics-assisted resistance breeding, and precision disease forecasting 

systems. 
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1. Introduction 

Leguminous crops constitute a major component of global agriculture and human nutrition due to their 

high protein content, ability to fix atmospheric nitrogen, and adaptability to diverse environmental 

conditions. Pulses and legumes such as chickpea (Cicer arietinum), pigeonpea (Cajanus cajan), mungbean 

(Vigna radiata), blackgram (Vigna mungo), cowpea (Vigna unguiculata), lentil (Lens culinaris), soybean 

(Glycine max), pea (Pisum sativum), and clusterbean (Cyamopsis tetragonoloba) are widely cultivated in 

tropical and subtropical regions. 
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Despite their importance, legume crops are vulnerable to numerous diseases caused by fungi, bacteria, 

viruses, nematodes, and phytoplasmas. Among fungal pathogens, species of the genus Alternaria have 

gained increasing significance due to their wide host range, adaptability, and destructive nature. Alternaria 

diseases are characterized mainly by leaf spots, blights, stem lesions, pod infections, and seed 

discoloration, resulting in substantial quantitative and qualitative yield losses. 

The genus Alternaria includes several phytopathogenic species such as Alternaria alternata, A. 

tenuissima, A. solani, A. brassicae, A. cyamopsidis, and A. tenuis. These fungi produce dark pigmented 

conidia and survive under adverse environmental conditions through resistant mycelium and spores. 

Alternaria species are capable of producing host-specific toxins and secondary metabolites that contribute 

to pathogenicity and disease progression. 

In recent years, changing climatic conditions, intensive cultivation practices, and increasing fungicide 

resistance have intensified the severity and spread of Alternaria diseases in legumes. Therefore, 

understanding pathogen biology, epidemiology, and sustainable management strategies has become 

essential for ensuring food security and agricultural sustainability. 

2. Taxonomy and Classification of Alternaria 

The genus Alternaria belongs to: 

Taxonomic Rank Classification 

Kingdom Fungi 

Division Ascomycota 

Class Dothideomycetes 

Order Pleosporales 

Family Pleosporaceae 

Genus Alternaria 

Alternaria species are dematiaceous fungi characterized by septate mycelium and multicellular conidia 

with transverse and longitudinal septa. Conidia are generally produced in chains and possess a 

characteristic beak. 

The taxonomy of Alternaria has undergone considerable revision with the application of molecular 

phylogenetics. Morphological identification alone often creates ambiguity because of overlapping 

characters among species. Molecular markers such as ITS regions, β-tubulin genes, and mitochondrial 

genes are increasingly used for accurate species identification. 

 

3. Important Alternaria Species Affecting Leguminous Crops 

Legume Crop Important Alternaria Species Symptoms 

Clusterbean A. cyamopsidis Leaf blight, defoliation 

Chickpea A. alternata Leaf spot, pod lesions 

Soybean A. alternata, A. tenuissima Purple seed stain, leaf blight 

Cowpea A. alternata Brown leaf spots 

Mungbean A. alternata Foliar blight 

Blackgram A. alternata Necrotic leaf lesions 

Pea A. alternata Leaf spot and stem lesions 

Lentil A. tenuissima Leaf necrosis 
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Among these, Alternaria cyamopsidis causing Alternaria blight of clusterbean has emerged as an 

economically important pathogen in arid and semi-arid regions. 

 

4. Symptoms of Alternaria Diseases in Legumes 

Symptoms vary according to host species, pathogen strain, environmental conditions, and plant growth 

stage. 

4.1 Leaf Spot and Blight 

Initial symptoms appear as small brown to black necrotic lesions on leaves. Lesions enlarge and develop 

concentric rings giving a target-board appearance. Severe infection leads to coalescence of lesions causing 

blight and premature defoliation. 

4.2 Stem and Petiole Infection 

Stem lesions are elongated and dark brown. Infection weakens vascular tissues and may cause lodging in 

severe cases. 

4.3 Pod and Seed Infection 

Pods develop sunken necrotic spots. Seeds become discolored, shriveled, and exhibit reduced germination. 

4.4 Defoliation and Yield Loss 

Severe epidemics lead to extensive defoliation, reduced photosynthetic area, poor pod filling, and yield 

reduction. 

 

5. Disease Cycle and Survival 

Alternaria pathogens survive in infected crop debris, soil, volunteer plants, and seeds. The disease cycle 

includes: 

1. Survival through mycelium and conidia 

2. Primary inoculum production 

3. Dissemination by wind, rain splash, irrigation water, and insects 

4. Infection through natural openings or direct penetration 

5. Secondary spread during favorable environmental conditions 

Conidia germinate under high humidity and moderate temperatures. Germ tubes penetrate host tissues 

either directly or through stomata. 

 

6. Epidemiology of Alternaria Diseases 

Epidemiology refers to the interaction among pathogen, host, and environment affecting disease 

development. 

6.1 Effect of Temperature 

Most Alternaria species exhibit optimum growth and sporulation between 25–30°C. Disease severity 

generally increases under warm conditions. 
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6.2 Relative Humidity 

High relative humidity (>80%) and prolonged leaf wetness favor conidial germination and infection. 

6.3 Rainfall 

Frequent rainfall enhances dispersal of spores and promotes epidemic development. 

6.4 Crop Canopy 

Dense crop canopy increases humidity and prolongs leaf wetness duration, facilitating disease spread. 

6.5 Role of Wind 

Wind currents assist long-distance dispersal of conidia. 

6.6 Seasonal Incidence 

Disease incidence is generally higher during humid and rainy seasons. 

 

7. Pathogenesis and Host-Pathogen Interaction 

Alternaria species employ multiple mechanisms to infect host tissues. 

7.1 Enzymatic Degradation 

Pathogens produce cell wall degrading enzymes such as: 

 Cellulases 

 Pectinases 

 Proteases 

 Hemicellulases 

These enzymes facilitate tissue colonization. 

7.2 Toxin Production 

Alternaria species produce several phytotoxins including: 

 Alternariol 

 Tenuazonic acid 

 Alternaric acid 

 Host-specific toxins 

These toxins induce chlorosis, necrosis, and cell death. 

7.3 Oxidative Stress 

Reactive oxygen species generated during infection contribute to host tissue damage. 

7.4 Defense Mechanisms in Host Plants 

Plants respond through: 

 Production of phytoalexins 

 Accumulation of phenolic compounds 

 Activation of pathogenesis-related proteins 

 Lignification of cell walls 
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8. Morphological and Cultural Characteristics 

Alternaria colonies are generally dark olive to black with cottony or velvety growth. Colonies vary 

depending on culture media. 

8.1 Mycelium 

 Septate 

 Branched 

 Brownish pigmentation 

8.2 Conidia 

 Muriform 

 Beaked 

 Produced in chains 

 Dark colored 

8.3 Effect of Media on Growth 

Commonly used media include: 

 Potato Dextrose Agar (PDA) 

 Czapek’s Dox Agar 

 Richard’s Agar 

 Asthana and Hawker’s medium 

PDA generally supports maximum mycelial growth and sporulation. 

 

9. Molecular Characterization and Diagnostics 

Modern molecular tools have revolutionized pathogen identification. 

9.1 Polymerase Chain Reaction (PCR) 

PCR-based diagnostics enable rapid and accurate detection. 

9.2 Sequencing Approaches 

ITS sequencing is widely used for phylogenetic analysis. 

9.3 RAPD and AFLP Markers 

These markers are useful for studying genetic variability. 

9.4 Real-Time PCR 

Allows quantification of pathogen load. 

9.5 Genomics and Transcriptomics 

Genomic studies help identify virulence genes and host resistance mechanisms. 
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10. Yield Losses and Economic Importance 

Alternaria diseases significantly affect crop productivity and quality. 

Estimated yield losses: 

Crop Estimated Yield Loss 

Clusterbean 20–60% 

Soybean 10–40% 

Chickpea 15–35% 

Cowpea 10–30% 

Mungbean 15–45% 

Losses depend upon cultivar susceptibility, environmental conditions, and disease management practices. 

 

11. Integrated Disease Management (IDM) 

Integrated disease management combines cultural, biological, chemical, and host resistance approaches. 

11.1 Cultural Practices 

Crop Rotation 

Rotation with non-host crops reduces inoculum load. 

Field Sanitation 

Removal of infected debris minimizes pathogen survival. 

Optimum Plant Spacing 

Improves aeration and reduces humidity. 

Balanced Fertilization 

Adequate nutrient management enhances plant resistance. 

Timely Sowing 

Avoids favorable conditions for disease development. 

 

11.2 Host Plant Resistance 

Development and cultivation of resistant varieties remain the most economical and eco-friendly 

management strategy. 

Breeding programs focus on: 

 Durable resistance 

 Polygenic resistance 

 Marker-assisted selection 
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11.3 Biological Control 

Several antagonistic microorganisms suppress Alternaria pathogens. 

Important Biocontrol Agents 

Biocontrol Agent Mechanism 

Trichoderma harzianum Mycoparasitism 

Pseudomonas fluorescens Antibiotic production 

Bacillus subtilis Induced systemic resistance 

Gliocladium virens Competition and antibiosis 

Biological control reduces fungicide dependence and environmental pollution. 

 

11.4 Botanical Extracts 

Plant extracts possess antifungal properties. 

Effective Botanicals 

 Neem (Azadirachta indica) 

 Garlic (Allium sativum) 

 Tulsi (Ocimum sanctum) 

 Ginger (Zingiber officinale) 

Botanical extracts inhibit spore germination and mycelial growth. 

 

11.5 Chemical Management 

Fungicides remain important for rapid disease suppression. 

Commonly Used Fungicides 

Fungicide Mode of Action 

Mancozeb Protective 

Carbendazim Systemic 

Propiconazole Ergosterol biosynthesis inhibitor 

Hexaconazole Systemic triazole 

Azoxystrobin QoI inhibitor 

Integrated use of fungicides with biological and cultural methods is recommended to avoid resistance 

development. 

 

12. Fungicide Resistance in Alternaria 

Continuous use of fungicides can result in resistant pathogen populations. 

Mechanisms include: 

 Target site mutation 

 Enhanced detoxification 
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 Reduced fungicide uptake 

 Overexpression of efflux pumps 

Resistance management strategies include: 

 Fungicide rotation 

 Mixture formulations 

 Use of recommended doses 

 Integrated management practices 

 

13. Role of Climate Change 

Climate change significantly influences disease dynamics. 

Effects Include: 

 Increased temperature favoring pathogen growth 

 Altered rainfall patterns 

 Increased humidity and leaf wetness 

 Expansion of pathogen geographical range 

Climate-resilient disease forecasting systems are increasingly important. 

 

14. Advances in Disease Forecasting and Precision Agriculture 

Modern technologies improve disease monitoring and management. 

14.1 Remote Sensing 

Drones and satellite imagery assist in early disease detection. 

14.2 Artificial Intelligence 

Machine learning models can identify disease symptoms from leaf images. 

14.3 Internet of Things (IoT) 

Sensors monitor environmental conditions favorable for disease outbreaks. 

14.4 Decision Support Systems 

Help farmers optimize fungicide applications. 
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15. Future Research Priorities 

Future studies should focus on: 

1. Identification of resistant germplasm 

2. Functional genomics of pathogen virulence 

3. Molecular breeding approaches 

4. Eco-friendly management strategies 

5. Biopesticide development 

6. Climate-smart disease forecasting 

7. CRISPR-based resistance development 

8. Understanding microbiome interactions 

 

16. Conclusion 

Alternaria diseases constitute a major challenge in legume production worldwide. The pathogens exhibit 

high adaptability, wide host range, and significant destructive potential under favorable environmental 

conditions. Disease severity is strongly influenced by temperature, humidity, rainfall, and agronomic 

practices. Advances in molecular biology and disease diagnostics have improved understanding of 

pathogen variability and host-pathogen interactions. Sustainable management requires an integrated 

approach involving resistant cultivars, cultural practices, biological agents, botanicals, and judicious 

fungicide use. Future research integrating genomics, artificial intelligence, and climate-resilient 

agriculture will play a vital role in reducing disease burden and improving legume productivity. 
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