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eed storage is a critical component of seed technology and agricultural sustainability, as it 

directly influences seed viability, vigor, and longevity. Seeds are living biological entities 

that undergo gradual deterioration during storage due to physiological, biochemical, and 

molecular changes. Environmental factors such as temperature, relative humidity, oxygen 

availability, and storage duration significantly affect the rate of seed ageing. Improper storage 

conditions accelerate seed deterioration, leading to reduced germination capacity and poor 

seedling establishment. Understanding the influence of storage conditions on seed ageing is 

essential for maintaining seed quality and ensuring successful crop production. This article 

reviews the major factors affecting seed deterioration during storage, the physiological and 

biochemical mechanisms involved in seed ageing, and strategies to maintain seed quality for 

longer periods.  

Introduction 
Seeds serve as the primary means of propagation for most agricultural crops and are essential 

for ensuring food security and sustainable agriculture. Maintaining seed quality during 

storage is crucial because seeds may need to be stored for extended periods before planting. 

However, seeds are living organisms that gradually lose their viability and vigor over time 

due to natural ageing processes. Seed ageing refers to the progressive decline in seed quality 

during storage, resulting in reduced germination potential, slower seedling growth, and 

increased susceptibility to environmental stress. The rate of seed deterioration depends 

largely on storage conditions such as temperature, humidity, oxygen levels, and seed 

moisture content. Proper storage conditions can significantly slow down the ageing process 

and help maintain seed viability for longer periods. Therefore, understanding the influence of 

environmental factors on seed deterioration is essential for developing effective seed storage 

strategies.  

Concept of Seed Ageing and Deterioration 
Seed ageing is an inevitable physiological process that occurs during storage as a result of 

metabolic and structural damage within the seed. Even under optimal storage conditions, 

seeds gradually lose their vigor and viability due to biochemical and molecular changes. Seed 

deterioration is characterized by a series of symptoms including reduced germination 

percentage, delayed germination, abnormal seedling development, and decreased seedling 

growth. As seeds age, cellular membranes lose integrity, enzymatic activities decline, and 

genetic material may undergo damage. The ageing process is often associated with the 

accumulation of reactive oxygen species (ROS), which cause oxidative damage to cellular 

components such as lipids, proteins, and nucleic acids. These oxidative reactions disrupt 

normal cellular functions and accelerate seed deterioration.  
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Factors Influencing Seed Ageing During Storage 
Temperature 

Temperature is one of the most important factors affecting seed longevity. High storage 

temperatures accelerate metabolic reactions and increase the rate of seed deterioration. 

Elevated temperatures also enhance the production of reactive oxygen species, which cause 

oxidative damage to cellular components. Conversely, low temperatures slow down 

metabolic processes and reduce the rate of biochemical reactions responsible for seed ageing. 

For this reason, seeds are often stored in cool environments to maintain viability for extended 

periods. Many seed storage facilities use refrigerated or controlled-temperature conditions to 

prolong seed longevity.  

Relative Humidity and Seed Moisture Content 

Relative humidity and seed moisture content are closely related factors that strongly influence 

seed storage life. High humidity conditions increase seed moisture content, which stimulates 

metabolic activity and accelerates seed deterioration. Seeds stored under high moisture 

conditions are also more susceptible to fungal and bacterial infections, further reducing seed 

quality. In contrast, maintaining low seed moisture content helps slow metabolic processes 

and prolong seed viability. The relationship between temperature and humidity is critical in 

determining seed longevity. Seeds stored under both low temperature and low humidity 

conditions generally have the longest storage life.  

Oxygen Availability 

Oxygen plays an important role in seed respiration during storage. High oxygen levels can 

promote oxidative reactions that lead to the production of reactive oxygen species. These 

molecules cause damage to cellular membranes, proteins, and nucleic acids, contributing to 

seed ageing. Reducing oxygen levels during storage can slow down oxidative damage and 

improve seed longevity. Some modern storage systems utilize hermetic or modified 

atmosphere conditions to limit oxygen exposure and maintain seed quality.  

Storage Duration 

The length of time seeds are stored significantly influences the extent of seed deterioration. 

Even under ideal storage conditions, seeds gradually lose viability over time. Long-term 

storage increases the accumulation of biochemical damage within seed tissues. The rate of 

viability loss varies among different plant species and seed types. For example, orthodox 

seeds generally tolerate drying and long-term storage better than recalcitrant seeds, which are 

sensitive to desiccation and cannot be stored for extended periods.  

Seed Type and Genetic Factors 

Different plant species exhibit varying levels of seed longevity due to genetic and 

physiological differences. Seeds are generally classified into two main categories based on 

their storage behavior: orthodox seeds and recalcitrant seeds. Orthodox seeds can be dried to 

low moisture levels and stored for long periods without significant loss of viability. Many 

cereal and legume crops fall into this category. Recalcitrant seeds, on the other hand, are 

sensitive to desiccation and cannot withstand low moisture conditions, making long-term 

storage difficult. Genetic factors also influence the ability of seeds to resist oxidative damage 

and maintain cellular stability during storage.  

Physiological and Biochemical Changes During Seed Ageing 
Membrane Deterioration 

One of the earliest indicators of seed ageing is the loss of cellular membrane integrity. 

Membrane deterioration results in increased permeability and leakage of cellular solutes 

during seed imbibition. This leakage disrupts cellular homeostasis and reduces seed vigor.  

Oxidative Damage 

The accumulation of reactive oxygen species during storage leads to oxidative damage of 

lipids, proteins, and nucleic acids. Lipid peroxidation damages cell membranes, while protein 

oxidation reduces enzyme activity necessary for germination. 
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Enzyme Inactivation 

Seeds require various enzymes to mobilize stored food reserves during germination. Ageing 

leads to a decline in enzymatic activities such as amylase and protease, which impairs the 

breakdown of carbohydrates and proteins required for seedling growth.  

Genetic and DNA Damage 

Prolonged storage may cause damage to DNA and other genetic materials within the seed. 

Such damage can interfere with normal cellular processes during germination and may lead 

to abnormal seedling development. 

Methods to Reduce Seed Deterioration During Storage 
Controlled Temperature Storage 

Maintaining low storage temperatures helps reduce metabolic activity and slow down the 

ageing process. 

Moisture Control 

Drying seeds to optimal moisture levels before storage significantly improves seed longevity 

and prevents microbial growth. 

Hermetic Storage Systems 

Airtight storage containers reduce oxygen exposure and prevent moisture exchange with the 

environment, thereby preserving seed quality. 

Use of Seed Treatments 

Certain seed treatments, including antioxidants and protective coatings, can help reduce 

oxidative damage and improve storage stability. 

Future Perspectives 
Advances in seed technology and storage science are providing new opportunities to improve 

seed longevity. Modern research is exploring the use of advanced packaging materials, 

controlled atmosphere storage systems, and molecular approaches to understand the 

mechanisms of seed ageing. Biotechnological tools such as genomics and proteomics are also 

helping researchers identify genes and metabolic pathways involved in seed longevity. Such 

knowledge could lead to the development of crop varieties with improved seed storage 

characteristics. 

Conclusion 

Seed ageing and deterioration are natural processes that significantly influence seed viability 

and crop productivity. Storage conditions such as temperature, relative humidity, oxygen 

availability, and storage duration play critical roles in determining the rate of seed 

deterioration. Understanding the physiological and biochemical changes associated with seed 

ageing is essential for developing effective storage strategies. By maintaining optimal storage 

conditions and adopting improved seed management practices, it is possible to preserve seed 

quality and ensure successful crop establishment. 
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