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eed storage is a critical component of 

agricultural sustainability, food security, and 

genetic resource conservation. Seeds are 

living biological entities that undergo physiological 

aging after harvest, leading 

to gradual loss of viability 

and vigor. Proper storage 

conditions can significantly 

slow deterioration and 

extend seed longevity. This 

article examines the 

scientific foundations of 

seed storage, including the effects of moisture content, 

temperature, relative humidity, and oxygen 

concentration. It also discusses intrinsic and extrinsic 

factors influencing seed longevity, traditional and 

modern storage methods, and technological 

advancements such as hermetic storage and controlled 

atmosphere systems. The importance of monitoring 

seed quality through germination testing and moisture 

assessment is emphasized. Effective seed storage 

strategies reduce economic losses, ensure uniform crop 

establishment, and contribute to long-term 

conservation of plant genetic resources. Continued 

research and innovation in storage technologies remain 

essential for sustaining agricultural productivity and 

preserving biodiversity in the face of climate 

variability and global food demand. 

1. Introduction 

Seeds serve as the primary 

means of propagation for most 

agricultural crops a nd 

represent the foundation of 

global food systems. Beyond 

their role in crop production, 

seeds carry genetic 

information essential for plant breeding, biodiversity 

conservation, and adaptation to environmental change. 

Although seeds appear dormant after harvest, they 

remain biologically active and gradually deteriorate 

over time. This deterioration reduces germination 

capacity, seedling vigor, and overall crop performance. 

Seed storage refers to the scientific management of 

environmental conditions to preserve seed viability and 

vigor from harvest until planting. The primary 

objective of storage is to slow metabolic and 

biochemical processes that lead to aging. According to 

Harrington9s storage principles, seed longevity is 
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strongly influenced by moisture content and 

temperature, and small reductions in either factor can 

significantly extend storage life (Harrington, 1972). 

Understanding these principles is crucial for farmers, 

seed producers, researchers, and gene banks 

responsible for maintaining planting material. 

This paper explores the physiological basis of seed 

deterioration, key determinants of seed longevity, 

storage methods for different durations, technological 

innovations, and the broader significance of proper 

seed storage in agricultural sustainability. 

2. Physiological Basis of Seed Deterioration 

Seed deterioration is an inevitable and irreversible 

process that begins at physiological maturity. Although 

deterioration cannot be completely prevented, it can be 

slowed under optimal storage conditions. 

2.1 Metabolic Activity and Respiration 

Even in a quiescent state, seeds maintain a low level of 

metabolic activity. Respiration continues at a reduced 

rate, consuming stored carbohydrates, proteins, and 

lipids. High moisture and temperature accelerate 

respiration, leading to depletion of food reserves and 

accumulation of toxic by-products (Copeland & 

McDonald, 2001). 

2.2 Membrane Degradation 

One of the earliest signs of seed aging is the disruption 

of cellular membranes. Oxidative stress causes lipid 

peroxidation, which damages membrane integrity and 

reduces cellular compartmentalization. This results in 

leakage of solutes during germination and reduced 

seedling vigor (Bewley et al., 2013). 

2.3 Enzyme and DNA Damage 

Enzymes required for germination gradually lose 

functionality due to structural degradation. 

Additionally, oxidative damage can affect nucleic 

acids, impairing genetic stability. Prolonged exposure 

to unfavorable storage conditions accelerates these 

changes, leading to loss of viability. 

3. Factors Influencing Seed Longevity 

Seed longevity depends on both internal (intrinsic) 

and external (extrinsic) factors. 

3.1 Intrinsic Factors 

3.1.1 Species and Genetic Composition 

Different species exhibit varying storage behaviors. 

Orthodox seeds, such as cereals and legumes, tolerate 

drying and low temperatures, making them suitable for 

long-term storage. In contrast, recalcitrant seeds (e.g., 

many tropical tree species) are sensitive to desiccation 

and cannot survive extended storage under 

conventional conditions (Roberts, 1973). 

3.1.2 Seed Composition 

Seeds rich in oils generally deteriorate faster than 

starchy seeds due to lipid oxidation. Oilseed crops such 

as soybean and groundnut are more prone to rancidity 

and membrane damage during storage. 

3.1.3 Maturity at Harvest 

Seeds harvested at physiological maturity exhibit 

maximum vigor and storage potential. Immature or 

over-mature seeds often show reduced longevity. 

3.1.4 Initial Seed Quality 

Seed lots with high germination percentages and 

minimal mechanical damage have greater storage life. 

Mechanical injuries increase susceptibility to moisture 

absorption and microbial infection. 

3.2 Extrinsic Factors 

http://www.agrirootsmagazine.in/


 

 
 www.agrirootsmagazine.in        

Volume 4, Issue 4 I April, 2026 

 

22 

3.2.1 Moisture Content 

Moisture content is the most critical determinant of 

seed longevity. High seed moisture increases 

respiration and fungal growth. Harrington (1972) 

suggested that within safe biological limits, for every 

1% decrease in seed moisture content, storage life 

approximately doubles. 

For most orthodox seeds, safe moisture levels range 

between 8% and 12%, depending on species. 

3.2.2 Temperature 

Temperature significantly affects biochemical 

reactions. Higher temperatures accelerate 

deterioration, while lower temperatures slow metabolic 

processes. Harrington9s rule also states that for every 

5°C decrease in storage temperature, seed life span 

may double, provided moisture is controlled. 

3.2.3 Relative Humidity 

Seeds are hygroscopic, meaning they exchange 

moisture with the surrounding environment. High 

relative humidity results in increased seed moisture 

content. Therefore, maintaining low and stable 

humidity is essential for preserving quality. 

3.2.4 Oxygen Concentration 

Oxygen supports respiration and oxidative reactions. 

Reduced oxygen environments, such as vacuum or 

controlled atmosphere storage, slow deterioration by 

limiting oxidative damage. 

3.2.5 Storage Duration 

The length of storage directly affects viability. Even 

under ideal conditions, seeds eventually lose 

germination capacity. Regular monitoring is necessary 

to determine appropriate storage periods. 

4. Methods of Seed Storage 

Storage practices vary according to duration, purpose, 

and available infrastructure. 

4.1 Short-Term Storage 

Short-term storage typically lasts up to one year and is 

common among farmers. Seeds are stored in: 

• Cloth or jute bags 

• Plastic containers 

• Metal bins 

• Earthen pots 

These methods are economical but provide limited 

environmental control. Protection from moisture and 

pests is often inadequate. 

4.2 Medium-Term Storage 

Medium-term storage extends from one to three years. 

Improved facilities may include ventilated warehouses 

and moisture-proof containers. Use of desiccants and 

insect control measures enhances effectiveness. 

4.3 Long-Term Storage 

Long-term storage is essential for seed banks and 

breeding programs. Facilities maintain controlled 

temperature and humidity conditions. 

4.3.1 Cold Storage 

Seeds are stored at temperatures between 0°C and 

10°C with low humidity. Cold storage reduces 

metabolic activity and extends viability. 

4.3.2 Deep-Freezing and Gene Banks 

For genetic conservation, seeds are stored at 318°C or 

lower. Under these conditions, metabolic processes 

are greatly minimized, allowing preservation for 

decades (FAO, 2014). 

5. Modern Technological Advancements 

5.1 Hermetic Storage 
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Hermetic storage uses airtight containers to prevent 

moisture exchange and limit oxygen availability. This 

method reduces insect infestation and fungal growth 

without chemical treatments. 

5.2 Vacuum Sealing 

Vacuum packaging removes air, lowering oxygen 

concentration and reducing oxidative damage. 

5.3 Controlled Atmosphere Storage 

This technique regulates oxygen and carbon dioxide 

levels to slow respiration and microbial growth. It is 

particularly useful for high-value seed lots. 

5.4 Cryopreservation 

For recalcitrant seeds that cannot tolerate drying, 

cryopreservation of embryos or tissues in liquid 

nitrogen offers a promising conservation method. 

6. Monitoring and Quality Assessment 

Effective seed storage requires periodic monitoring. 

6.1 Germination Testing 

Standard germination tests evaluate the percentage of 

seeds capable of producing normal seedlings under 

favorable conditions. Declining germination indicates 

the need for regeneration or replacement. 

6.2 Moisture Testing 

Moisture meters and oven-drying methods are used to 

determine seed moisture content. Maintaining optimal 

levels prevents rapid deterioration. 

6.3 Seed Vigor Testing 

Vigor tests assess the potential for rapid and uniform 

emergence under diverse conditions. These tests 

provide early indications of declining quality. 

7. Importance of Proper Seed Storage 

7.1 Agricultural Productivity 

High-quality seeds ensure uniform crop establishment 

and optimal yield. Poor storage results in weak 

seedlings, uneven stands, and reduced productivity. 

7.2 Economic Benefits 

Preventing post-harvest seed losses protects farmers9 

investments and reduces the need for frequent seed 

replacement. 

7.3 Food Security 

Reliable seed supply supports consistent food 

production, which is essential for growing populations. 

7.4 Conservation of Genetic Resources 

Seed banks play a crucial role in preserving plant 

genetic diversity for future breeding programs and 

ecological restoration efforts. 

8. Challenges in Seed Storage 

Despite technological advancements, several 

challenges remain: 

• Climate variability affecting storage environments 

• Limited infrastructure in developing regions 

• High costs of controlled storage facilities 

• Storage difficulties for recalcitrant seeds 

Addressing these challenges requires research, policy 

support, and capacity building. 

9. Conclusion 

Seed storage is a scientifically managed process aimed 

at preserving viability, vigor, and genetic integrity. 

Moisture content and temperature are the most critical 

factors influencing longevity, while intrinsic 

characteristics such as species type and seed 

composition also play significant roles. Traditional 

storage methods remain important for small-scale 

farmers, but modern technologies such as hermetic 

storage, controlled atmosphere systems, and 
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cryopreservation have greatly enhanced long-term 

conservation. 

Effective storage practices ensure agricultural 

sustainability, economic stability, and food security. 

Continued innovation and improved infrastructure are 

essential to meet future global demands and safeguard 

plant genetic resources for generations to come. 

References 

1. Ali, M., Rahman, M., Wadud, M. A., Fahim, A. H., & Nahar, M. (2018). Effect of seed moisture content 

and storage container on seed viability and vigour of soybean. Bangladesh Agronomy Journal, 21(1), 1313

141. https://doi.org/10.3329/baj.v21i1.39392 

2. Agrawal, P. K. (2025). Identification of suitable seed storage places in India on the basis of temperature 

and relative humidity conditions. Seed Research, 43(2), 80384. https://doi.org/10.56093/sr.v43i2.163114 

3. Bewley, J. D., Bradford, K. J., Hilhorst, H. W. M., & Nonogaki, H. (2013). Seeds: Physiology of 

development, germination and dormancy (3rd ed.). Springer. 

4. Copeland, L. O., & McDonald, M. B. (2001). Principles of seed science and technology (4th ed.). Kluwer 

Academic Publishers. 

5. Ellis, R. H., Hong, T. D., & Roberts, E. H. (1991). Seed moisture content, storage, viability and vigour. 

Seed Science Research, 1(4), 2753279. https://doi.org/10.1017/S0960258500001008 

6. Food and Agriculture Organization. (2014). Genebank standards for plant genetic resources for food and 

agriculture. FAO. 

http://www.agrirootsmagazine.in/
https://doi.org/10.3329/baj.v21i1.39392
https://doi.org/10.56093/sr.v43i2.163114
https://doi.org/10.1017/S0960258500001008

