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eed treatment is a simple yet highly effective practice that plays a vital role in protecting 

crops from early-stage diseases. Seeds often carry harmful pathogens on their surface or 

within their tissues, while soil also harbors organisms that can attack emerging seedlings. 

These infections can lead to poor germination, weak plant growth, and reduced crop yields. 

Applying protective treatments to seeds before sowing helps eliminate or suppress these 

pathogens, ensuring healthier crop establishment. Seed treatment may involve chemical 

fungicides, beneficial microorganisms, or physical methods such as hot water treatment, each 

working through different mechanisms to safeguard seeds during germination. By forming a 

protective barrier, eliminating pathogens, and enhancing seedling vigor, treated seeds are 

better equipped to withstand disease pressure. This approach is considered economical and 

efficient because it targets problems at the earliest stage, reducing the need for repeated 

pesticide applications later in the season. In addition, seed treatment supports sustainable 

agriculture by minimizing chemical use, improving plant population, and promoting uniform 

crop growth. When integrated with other disease management practices, it contributes 

significantly to improved productivity and resource efficiency. Overall, seed treatment serves 

as a foundational step in disease prevention, helping farmers achieve healthy crops, higher 

yields, and environmentally responsible agricultural production. 

Keywords: Seed Treatment, Seed-borne Diseases, Plant Disease Management, Seedling 

Vigor, Sustainable Agriculture 

Introduction 
Seed is the fundamental unit of crop production, and its health directly determines crop 

establishment, productivity, and resilience against diseases. Many plant pathogens are seed-

borne or soil-borne and infect crops at the earliest stages of growth. These infections often 

remain unnoticed until severe damage occurs, resulting in poor germination, weak seedlings, 

and significant yield losses. Seed treatment has therefore emerged as a crucial pre-sowing 

practice aimed at protecting seeds and seedlings from diseases and pests. It involves the 

application of chemical, biological, or physical agents to seeds before planting to control 

pathogens and improve plant health. Seed treatment is widely recognized as an efficient and 

economical disease management strategy because it protects crops at their most vulnerable 

stage. It also reduces reliance on repeated pesticide applications later in the growing season. 

Research indicates that seed treatment acts as a foundational technology in modern 

agriculture, ensuring crop establishment by protecting seeds against early pathogen attacks 

and improving physiological performance.  
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This article explores the importance of seed treatment in preventing plant diseases, its types, 

mechanisms, advantages, and role in sustainable agriculture. 

Understanding Seed-Borne and Soil-Borne Diseases 

Plant diseases affecting seeds and seedlings originate mainly from two sources: seed-borne 

pathogens and soil-borne pathogens. Seed-borne pathogens are carried externally or 

internally in seeds and can infect seedlings immediately after germination. Soil-borne 

pathogens, on the other hand, reside in soil and attack emerging seedlings. Common 

pathogens include fungi such as Fusarium, Rhizoctonia, Pythium, and Alternaria, bacteria, 

and viruses. Seedling diseases like damping-off, root rot, and seed decay often cause heavy 

losses during early crop establishment. These diseases reduce plant stand and lead to uneven 

crop growth. Studies have shown that seed treatment eliminates or suppresses fungi, insects, 

and other pests attacking seeds and seedlings, thereby improving crop survival.  

Since early-stage infections cannot easily be controlled later, prevention through seed 

treatment becomes essential. 

Concept and Objectives of Seed Treatment 
Seed treatment refers to the application of protective substances to seeds before sowing. The 

main objectives include: 

 Protecting seeds from seed-borne pathogens  

 Preventing soil-borne diseases  

 Enhancing germination and seedling vigor  

 Improving crop establishment  

 Reducing chemical use in the field  

 Promoting uniform plant growth  

Seed treatment protects the seed during the critical germination phase when seedlings are 

highly vulnerable. It ensures that young plants grow in a disease-free environment. 

Types of Seed Treatment 
Seed treatment methods can be classified into three main categories: chemical, biological, 

and physical treatments. 

 
Figure 2. Types of seed treatment 
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1. Chemical Seed Treatment 

Chemical seed treatment involves fungicides, insecticides, or bactericides applied to seeds. 

These chemicals create a protective layer around the seed that inhibits pathogen growth. 

Systemic fungicides penetrate seed tissues and protect emerging seedlings. Pre-sowing seed 

treatment with systemic fungicides has become a widely adopted practice across crops 

worldwide because it effectively controls seedling diseases and enhances plant establishment.  

Chemical seed treatment is particularly useful for controlling damping-off and seed rot 

diseases. 

2. Biological Seed Treatment 

Biological seed treatment uses beneficial microorganisms such as Trichoderma, 

Pseudomonas, and Bacillus species. These organisms suppress pathogens through 

competition, antibiosis, and induced resistance. Research shows that microbial seed 

treatments can also act as biostimulants, improving germination and seedling growth while 

protecting against diseases. Biological treatments are environmentally friendly and suitable 

for sustainable agriculture. 

3. Physical Seed Treatment 

Physical treatments include hot water treatment, solarization, and irradiation. These methods 

kill pathogens present on seed surfaces without using chemicals. Hot water treatment is 

commonly used for vegetable crops to control bacterial and fungal diseases. 

Mechanisms of Disease Prevention Through Seed Treatment 
Seed treatment prevents plant diseases through several mechanisms: 

1. Direct Pathogen Elimination 

Seed treatment chemicals or biological agents destroy pathogens present on or within seeds. 

This prevents disease transmission from seed to seedling. 

2. Protective Barrier Formation 

Seed coatings form a protective layer around seeds, preventing pathogen entry during 

germination. 

3. Systemic Protection 

Some seed treatment chemicals are absorbed by the seedling and provide internal protection 

against pathogens during early growth. 

4. Competitive Exclusion 

Beneficial microbes colonize the rhizosphere and outcompete harmful pathogens. 

5. Induced Resistance 

Biological seed treatments stimulate plant defense mechanisms, making seedlings more 

resistant to diseases. 

 
Figure 2. Mechanisms of Disease Prevention Through Seed Treatment 



Shekhar et al. (2026) Agri Magazine, 03(04): 208-213 (APR, 2026)     

Agri Magazine ISSN: 3048-8656 Page 211 

Role of Seed Treatment in Preventing Major Plant Diseases 
Seed treatment helps manage several important plant diseases: 

Damping-Off Disease 

Damping-off is caused by soil-borne fungi such as Pythium and Rhizoctonia. Seed treatment 

fungicides significantly improve plant stands by controlling these pathogens. Multi-year trials 

have shown increased seedling survival when seeds were treated with fungicides compared to 

untreated seeds.  

Seed Rot and Seed Decay 

Seed rot occurs when pathogens attack seeds before germination. Seed treatment protects 

seeds from decay and improves germination. 

Root Rot Diseases 

Root rot pathogens infect seedlings shortly after emergence. Seed treatment provides early 

protection. 

Smut and Bunt Diseases 

Many cereal diseases such as loose smut and bunt are seed-borne. Seed treatment effectively 

controls these diseases. 

Table 1: Effect of Seed Treatment in Managing Plant Diseases and Improving Crop 

Performance 

Seed Treatment 

Type 
Target Disease 

Crop 

Example 
Reported Benefit Reference 

Chemical 

(Fungicide) 

Damping-off 

(Pythium, 

Rhizoctonia) 

Wheat 

Improved seedling 

emergence and 

reduced mortality 

Munkvold & 

O’Mara, 

2002 

Chemical 

(Systemic 

fungicide) 

Loose smut, bunt Barley 
Effective control of 

seed-borne pathogens 

Mathre et al., 

1995 

Biological 

(Trichoderma spp.) 

Root rot, 

seedling blight 
Chickpea 

Enhanced 

germination and 

disease suppression 

Harman et 

al., 2004 

Biological 

(Pseudomonas 

fluorescens) 

Seedling diseases Rice 

Increased seedling 

vigor and reduced 

infections 

Weller, 2007 

Physical (Hot 

water treatment) 

Bacterial and 

fungal seed 

infections 

Vegetables 
Reduced seed 

contamination 

Agarwal & 

Sinclair, 1997 

Polymer + 

fungicide coating 
Seed rot Maize 

Improved stand 

establishment 

Taylor & 

Harman, 

1990 

Benefits of Seed Treatment in Disease Prevention 
1. Improved Germination 

Healthy seeds germinate uniformly, resulting in better crop establishment. 

2. Enhanced Seedling Vigor 

Seed treatment promotes strong root development and early growth. 

3. Reduced Disease Incidence 

Seed treatment significantly lowers early-stage infections. 

4. Cost-Effective Disease Management 

Seed treatment requires small quantities of chemicals compared to foliar sprays, reducing 

costs. 

5. Reduced Pesticide Use 

Seed treatment delivers pesticides directly to seeds, minimizing environmental impact. 
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6. Increased Yield 

Healthy seedlings lead to higher productivity. 

Seed treatment is considered one of the safest and most economical methods for protecting 

seeds and young plants, reducing pesticide use per unit area.  

Role in Sustainable Agriculture 
Seed treatment plays a key role in sustainable agriculture by reducing chemical inputs and 

improving resource efficiency. Modern seed treatment technologies focus on eco-friendly 

biological agents and precision application methods. Recent research emphasizes that 

innovative seed treatment technologies improve crop establishment while supporting 

sustainability goals.Biological seed treatments, in particular, reduce environmental 

contamination and promote soil health. 

Seed Treatment and Crop Productivity 
Seed treatment improves plant population, reduces re-sowing, and ensures uniform crop 

growth. Uniform stands improve nutrient uptake, water use efficiency, and weed competition. 

These factors contribute to higher yields. 

Integration with Integrated Disease Management 
Seed treatment should be part of an integrated disease management strategy that includes: 

 Use of disease-resistant varieties  

 Crop rotation  

 Proper field sanitation  

 Balanced fertilization  

 Timely sowing  

Combining these practices enhances disease control effectiveness. 

Limitations of Seed Treatment and Future Trends 
Although seed treatment offers many benefits, it also has certain limitations that must be 

considered for effective use. Incorrect dosage of treatment chemicals may negatively affect 

seed viability and reduce germination. Excessive use of chemical treatments can harm 

beneficial soil microorganisms that contribute to plant health and soil fertility. In addition, 

seed treatment provides protection mainly during the early stages of crop growth, meaning 

the duration of disease control is limited. Over time, some plant pathogens may also develop 

resistance to commonly used treatment agents, reducing their effectiveness. Therefore, 

careful selection of treatment type, proper dosage, and correct application methods are 

essential to achieve optimal results and avoid unintended consequences. Advances in science 

and technology are shaping the future of seed treatment toward more efficient and 

environmentally friendly solutions. Emerging innovations include nanotechnology-based 

seed coatings that enhance targeted delivery of active ingredients, biological consortia that 

combine multiple beneficial microorganisms, and polymer coatings that improve seed 

handling and protection. Smart seed treatment systems and precision application technologies 

are also being developed to ensure uniform coverage and reduce wastage. These modern 

approaches aim to strengthen disease prevention, improve crop establishment, and minimize 

environmental risks, making seed treatment an increasingly sustainable tool in modern 

agriculture. 

Conclusion 
Seed treatment is a vital agricultural practice for preventing plant diseases and ensuring 

successful crop establishment. By protecting seeds and seedlings from seed-borne and soil-

borne pathogens, seed treatment reduces disease incidence, improves germination, and 

enhances productivity. Chemical, biological, and physical seed treatments each play 

important roles in disease prevention. The adoption of seed treatment not only minimizes 

pesticide use but also supports sustainable agriculture. As agriculture faces challenges such as 

climate change and pathogen evolution, seed treatment will continue to be a critical 
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component of integrated disease management strategies. Proper implementation of seed 

treatment can significantly improve crop health, yield, and farm profitability while protecting 

the environment. 
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