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INTRODUCTION 

Soil-borne pathogens are a diverse group of microorganisms 

that reside in the soil and cause disease in plant roots, 

crowns, tubers and other below-ground or near-ground 

tissues. These pathogens include fungi such as Fusarium 

species, Pythium and Rhizoctonia species, bacterial 

pathogens like Ralstonia solanacearum, and nematode pests 

such as root knot nematodes. They are responsible for some 

of the most challenging plant disease problems in both 

extensive cropping systems and intensive horticulture. Soil-

borne diseases can lead to substantial yield losses, reduce 

crop quality and contribute to long-term production decline. 

Traditional strategies to control soil-borne pathogens have 

focused on chemical treatments such as fumigants soil soil-

applied fungicides and broad-spectrum pesticides. While 

these tools have contributed to disease suppression, their use 

has raised significant concerns related to environmental 

contamination, human health impacts and the loss of 

beneficial soil organisms. In addition, extensive reliance on 

chemical management can drive pathogen populations to 

adapt and develop resistance, resulting in reduced 

effectiveness of treatment options. Such issues have 

stimulated research into alternative strategies that not only 

control soil-borne diseases but also promote soil health and 

sustainability. 

Recent advances in our understanding of soil 

microbial ecology, crop host responses and disease 

epidemiology have contributed to new perspectives in 

pathogen management. These approaches recognise that 

disease expression in the field is determined by dynamic 

interactions among host plants, pathogens, soil microbial 

communities, environmental conditions and agronomic 

practices. By modifying these interactions, it is possible to 

shift systems toward disease suppression without reliance on 

toxic chemical inputs. 
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Bio-based approaches, including biological 

control agents such as beneficial bacteria, fungi 

and viruses, have shown promise for suppressing 

soil-borne pathogens. Management of soil health 

through organic amendments, cover cropping 

and reduced tillage can enhance the activity of 

natural antagonists and improve plant resilience. 

Genetic improvement of crops for enhanced 

resistance combined with induced resistance 

using natural or synthetic elicitors represents 

another important dimension of disease control. 

Soil-borne pathogens infect plant roots and 

initiate disease development through complex 

interactions within the rhizosphere Figure 1. 

Technological innovations such as 

precision agriculture tools, remote sensing data 

analytics and soil health diagnostics allow for 

targeted interventions and real-time monitoring 

of disease risk. Integrated disease management 

frameworks combine multiple tactics guided by 

an understanding of ecological and biological 

principles.

 

 
Figure 1. Schematic representation of soil-borne pathogens in the rhizosphere and their role in initiating root 

infections leading to plant disease symptoms. 

 

Soil-Borne Pathogen Diversity and Impact 

Soil-borne pathogens include a range of 

organisms that vary in life cycle, infection 

strategy and host range. These pathogens are 

ubiquitous in agricultural soils and often remain 

dormant for extended periods until susceptible 

hosts are present. Some pathogens, like 

Fusarium oxysporum, have specific host 

interactions, while others, such as Pythium 

species, are generalists capable of infecting many 

crops. 

Fungi and Oomycetes 

Fungi and oomycetes are among the most 

destructive soil-borne pathogens. They cause 

diseases such as root rots, vascular wilts, 

damping off and crown rot. Fusarium species, for 

example, cause wilt diseases in many crop 

species by invading the vascular system, leading 

to water transport disruption and wilting. 

Oomycetes such as Phytophthora species are 

responsible for devastating diseases, including 

sudden oak death and potato late blight. 

Bacterial Pathogens 

Soil-borne bacterial pathogens such as Ralstonia 

solanacearum induce wilting diseases by 

colonising the xylem. These pathogens are 

challenging to manage due to their persistence in 

soil and wide host range. 

Nematodes 

Plant parasitic nematodes, such as root knot 

nematodes, penetrate root tissues, inducing galls 

that disrupt nutrient and water uptake. 

Nematodes often interact with fungal and 

bacterial pathogens to exacerbate disease 

complexes. 

Biological Control Agents and Mechanisms 

Biological control refers to the use of living 

organisms or their products to suppress pathogen 

populations. These agents work through multiple 

mechanisms, including competition for nutrients 
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and space, antibiosis through production of 

antimicrobial compounds, parasitism of pathogen 

structures and induction of host resistance. 

Beneficial Bacteria 

Plant growth-promoting rhizobacteria (PGPR) 

such as Bacillus, Pseudomonas and Streptomyces 

species have been widely studied for their 

biocontrol potential. These bacteria can produce 

antibiotics, enzymes, siderophores and volatile 

organic compounds that inhibit pathogen growth. 

Beneficial Fungi 

Fungi such as Trichoderma species and 

mycorrhizal fungi contribute to disease 

suppression. Trichoderma species parasitise 

pathogenic fungi and stimulate plant defences. 

Mycorrhizal associations enhance plant nutrient 

status and induce systemic resistance against 

pathogens. 

 

Biological Nematode Suppressors 

Predatory nematodes, nematode trapping fungi 

and parasitic organisms contribute to nematode 

suppression. Purpureocillium lilacinum and 

Pochonia chlamydosporia are fungal species 

known to infect nematode eggs and juveniles, 

reducing nematode populations. 

 

Table 1: Representative Biological Control Agents and Their Targets 
Biocontrol agent Target pathogen group Mechanism of action 

Pseudomonas fluorescens Fungal pathogens Antibiosis, competition 

Bacillus subtilis Multiple pathogens Antimicrobial compound production 

Trichoderma harzianum Fungal pathogens Mycoparasitism, induced resistance 

Pochonia chlamydosporia Plant parasitic nematodes Parasitism of nematode eggs 

Arbuscular mycorrhizal fungi Soil-borne pathogens Induced resistance 

 

Biological control agents are most effective 

when integrated with cultivation changes that 

enhance their persistence and activity in soil. 

 

Soil Health Management and Disease 

Suppression 

Soil health refers to the capacity of soil to 

function as a living ecosystem that supports plant 

productivity, maintains environmental quality 

and promotes plant and animal health. Healthy 

soils are biologically diverse and capable of 

resisting pathogen invasion through natural 

suppressive mechanisms. 

Organic Amendments 

Addition of organic matter such as compost, 

manure or crop residues enhances microbial 

activity and improves soil structure. These 

amendments provide substrates for beneficial 

microbes and increase microbial diversity, which 

can suppress pathogens through competitive 

exclusion and production of inhibitory 

compounds. 

Cover Cropping and Rotation 

Cover crops such as legumes, grasses and 

brassicas influence soil microbial populations. 

Some cover crops produce natural bioactive 

compounds that suppress soil-borne pathogens. 

Crop rotation disrupts life cycles of host-specific 

pathogens, reducing inoculum levels. 

Reduced Tillage 

Conservation tillage practices maintain soil 

structure and reduce disturbance of beneficial 

microbial communities. Enhanced fungal 

networks and protozoan populations in no-till 

systems contribute to improved disease 

suppression compared to conventionally tilled 

soils. 

Enhancing soil health leads to multiple 

ecosystem benefits, including improved water 

infiltration, nutrient cycling and increased 

resilience to biological stressors. 

Technological Innovations for Disease 

Management 

Advances in agricultural technology have 

provided tools to predict, monitor and manage 

soil-borne diseases more precisely. 

Precision Agriculture 

Precision agriculture uses data from soil sensors, 

remote sensing and spatial analysis to delineate 

field zones with varying disease risk. This allows 

targeted application of control measures, such as 

localised biological amendments, reducing 

overall input use and environmental impact. 

Soil Microbiome Analysis 

High-throughput sequencing technology reveals 

complex soil microbial communities and 

identifies key taxa associated with disease 
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suppression or susceptibility. Understanding 

microbiome patterns enables manipulation of soil 

communities through bio amendments or tailored 

management practices. 

Predictive Modelling 

Disease risk models incorporate weather data, 

soil properties and crop phenology to forecast 

disease outbreaks. Farmers can use these models 

for timely interventions with biological agents or 

crop-resistant varieties. 

Technological tools augment farmers' 

capability to manage soil-borne diseases 

proactively rather than reactively. 

Host Plant Resistance and Induced Resistance 

Genetic resistance is one of the most effective 

long-term strategies to control soil-borne 

pathogens. Breeding programs have developed 

crop varieties with resistance genes against 

specific pathogens. However, resistance often 

breaks down due to pathogen evolution. 

Induced resistance refers to the enhancement of 

the plant defence system through the application 

of biological elicitors certain microorganisms or 

natural compounds. These treatments prime the 

plant immune system to respond more effectively 

to pathogen attack, reducing disease severity. 

Combining host resistance with biological soil 

amendments and soil health practices provides a 

layered defence against soil-borne pathogens. 

Integrative Disease Management Framework 

No single strategy is sufficient to control soil-

borne diseases sustainably. Integrated disease 

management combines multiple compatible 

tactics to reduce pathogen pressure and enhance 

plant health. An integrated framework may 

include biological control agents, soil health 

improvement, precision interventions, crop 

rotations, resistant varieties and induced 

resistance treatments. An integrated disease 

management framework combining biological 

soil health and technological approaches 

provides durable suppression of soil-borne 

pathogens Figure 2. 

 

 
Figure 2. Conceptual illustration of integrated and sustainable strategies for the control of soil-borne pathogens, 

combining biological control, soil health management, host resistance and precision agriculture tools. 

 

Table 2: Examples of Integrated Practices for Soil-Borne Disease Control 
Integrated practice Expected benefit 

Biological agents plus organic amendments Enhanced microbial activity 

Cover crops plus crop rotation. Reduced pathogen inoculum 

Resistant cultivars plus induced resistance Durable plant defence 

Precision application of amendments Reduced input and targeted effect 

 

Integration enhances the resilience of cropping 

systems and minimises reliance on chemical 

controls. 

Challenges and Future Directions 

Despite progress in developing new perspectives 

for soil-borne disease control, challenges remain. 

Biological agents may show inconsistent 

performance under different environmental 

conditions. Establishing effective populations of 

biocontrol agents in field soils is difficult due to 

competition with native microbes. Monitoring 

and diagnosing soil-borne diseases require 
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advanced tools that may not be accessible to 

smallholder farmers. 

Future research should focus on 

enhancing the stability and efficacy of biological 

agents, understanding soil microbiome 

interactions, and developing cost-effective 

precision tools. Breeding for broad-spectrum 

resistance coupled with microbiome-friendly 

cultivars is another promising direction. 

Collaboration among researchers, 

extension specialists and farmers will facilitate 

the adoption of sustainable practices. Policies 

that support reduced use of harmful chemicals 

and promote soil health-based approaches are 

critical for long-term success. 

 

CONCLUSION 

New perspectives in the control of soil-borne 

pathogens offer promising pathways toward 

sustainable disease management in agriculture. 

Approaches that leverage biological control, soil 

health enhancement, technological innovation 

and host plant resistance hold potential to reduce 

reliance on harmful chemical inputs while 

enhancing crop productivity and ecosystem 

resilience. By understanding and integrating 

these strategies within management frameworks, 

growers can move toward systems that are both 

productive and ecologically sound. Continued 

research and extension efforts are essential to 

refine these approaches and tailor them to diverse 

cropping systems and environmental contexts. 
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