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ABSTRACT: Seed technology is a rapidly evolving field that plays a crucial role in modern agriculture. This review 

aims to provide an overview of recent advances in seed technology, including seed treatment methods, seed 

enhancement techniques, and innovative seed technologies developed to improve crop productivity, resistance to 

various stresses, and overall seed quality. The paper highlights the potential benefits and challenges associated with 

these advancements, while also discussing their implications for sustainable agriculture and food security. 
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I. INTRODUCTION 

Plant seeds play a vital role in the production of food and fiber crops. As the world's population continues to grow, 

there is an increasing demand for higher crop yields to sustain food security.  Seeds serve as the foundation of 

agriculture, providing the means for crop production and contributing significantly to global food security. In recent 

years, significant advances have been made in seed technology to improve crop productivity and quality, thus enabling 

farmers to achieve higher yields, resist outbreaks of pests and diseases, adapt to changing environmental conditions, 

and meet the demands of a growing population.  In this review, we will discuss the latest advancements in seed 

technology and their implications for future crop production and sustainable agriculture. 

II. SEED TREATMENT 

Seed treatment is a vital part of seed technology aimed at improving seed quality and protecting seeds from pests and 

diseases, improving seedling emergence, enhancing nutrient uptake, and ensuring the overall health of the crop. Recent 

advances in seed treatment technology have led to the development of highly effective seed treatments that can provide 

up to 3-4 weeks of protection against pests and diseases. For example, the use of neonicotinoid seed treatments has 

been shown to control pests such as aphids, thrips, and whiteflies. Fungicide seed treatments have also been developed 

to control fungal diseases such as Rhizoctonia, Pythium, and Fusarium.Recent advancements in seed treatment methods 

have focused on reducing the reliance on chemical pesticides and fungicides, while still providing effective protection 

against pests and diseases. These include the use of biological control agents, such as beneficial microorganisms, and 

the development of seed coatings or encapsulations that release active ingredients over time.Beneficial microorganisms 

such as bacteria and fungi can provide long-lasting protection against pests and diseases. These seed treatments are 

environmentally friendly, and they offer a safe alternative to traditional chemical seed treatments. 
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I. SEED ENHANCEMENT TECHNIQUES: 

Seed enhancement techniques encompass a broad range of methods designed to improve seed performance, including 

germination rates, seedling vigor, and stress tolerance. Recent advancements in seed enhancement techniques have 

exploited the potential of biotechnology, breeding, and genetic engineering to develop seeds with enhanced traits. This 

includes the development of genetically modified (GM) seeds that are resistant to pests, diseases, or environmental 

stresses, as well as the use of advanced breeding techniques, such as marker-assisted selection, to expedite the process 

of trait development. 

II. INNOVATIVE SEED TECHNOLOGIES: 

The advent of innovative seed technologies has revolutionized the way seeds are produced, stored, and distributed. One 

notable advance is the development of seed priming techniques, which involve subjecting seeds to controlled 

hydration-dehydration cycles before sowing. Seed priming enhances germination rates, seedling establishment, and 

early growth, particularly under adverse environmental conditions. Additionally, precision seeders and planters have 

been developed to ensure accurate seed placement, optimize seed-to-soil contact, and minimize seed waste. 

1) Seed Priming: 

Seed priming is a pre-sowing treatment that involves soaking seeds in water or a solution containing various 

compounds such as nutrients, hormones, and growth regulators. Seed priming has been shown to improve seed 

germination, seedling emergence, and early plant growth. The process can also prepare seeds for unfavorable 

environmental conditions such as drought, high and low temperature stress, and salinity.This technique also allows 

crops to establish more quickly, helping them prevail over weeds and other pests. Recent advances in seed priming 

technology have led to the development of new priming agents such as polyamines and amino acids, which have been 

shown to enhance seed germination and improve plant growth under stress conditions. 

2) Precision Seeders and Planters: 

Another innovative seed technology that has gained widespread adoption is precision seeders and planters. These 

advanced machinery aim to optimize seed-to-soil contact, ensure accurate seed placement, and minimize seed waste. 

Precision seeders use GPS technology to precisely control the seeding process, allowing farmers to sow seeds at the 

ideal depth and spacing for optimal growth. 

 

By ensuring accurate seed placement, precision seeders and planters contribute to increased crop yields. They help 

reduce competition among plants by providing each seed with adequate space and access to vital resources such as 

sunlight, water, and nutrients. Additionally, precise seed placement allows for more efficient use of inputs like 

fertilizers and pesticides, reducing environmental impact and production costs. 

3) Seed Coatings and Encapsulations: 

Seed coatings and encapsulations have become popular innovations in seed technology. These techniques involve 

applying a protective layer or coating onto each seed, which may contain beneficial substances such as fertilizers, bio-

control agents, or growth-promoting substances. The coatings or encapsulations can either release these substances 

slowly over time or provide physical protection against pests, diseases, or drought. 
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Seed coatings enhance seed performance by improving seedling emergence, nutrient uptake, and disease resistance. 

They provide an external barrier that shields the seed from environmental stresses and pathogens. Additionally, seed 

coatings can promote early root development, enabling better nutrient absorption and establishment of the seedling. 

III. SMART SEED TECHNOLOGIES: 

With the advancements in digital technologies, the concept of smart seed technologies is gaining traction. These 

technologies integrate sensors, data analytics, and artificial intelligence to monitor and optimize seed performance 

throughout the growing season. Smart seed technologies offer real-time information on soil moisture, temperature, and 

nutrient levels, enabling farmers to make informed decisions about irrigation, fertilization, and pest management. 

By leveraging data and analytics, smart seed technologies allow for precision agriculture practices. Farmers can adjust 

inputs and interventions based on site-specific conditions, contributing to improved resource-use efficiency and 

reduced environmental impact. Furthermore, these technologies provide valuable insights into crop health and growth 

patterns, facilitating proactive and targeted management strategies. 

IV. SEED BIOTECHNOLOGY: 

Seed biotechnology is an emerging field that focuses on the development of genetically modified seeds with desired 

traits such as disease resistance, insect resistance, and herbicide tolerance. Recent breakthroughs in seed biotechnology 

have led to the development of genetically modified crops with improved yields and resistance to pests and diseases. 

For example, the use of Bt cotton, a genetically modified variety of cotton that produces a bacteria toxin that kills 

bollworms, has led to significant increases in cotton yields and reductions in pesticide use. Other genetically modified 

crops such as herbicide-tolerant soybeans and corn have also been developed to reduce the use of herbicides and 

improve crop yields. 

V. SEED STORAGE: 

Seed storage is a critical component of seed technology, as it can affect seed quality and viability. Recent advances in 

seed storage technology have led to the development of new methods for seed drying, packaging, and storage. For 

example, vacuum packaging and cold storage are commonly used to preserve seed quality and viability. Other 

innovations in seed storage technology include the use of seed coatings and films that can protect seeds from moisture 

and temperature fluctuations. 

VI. BENEFITS AND CHALLENGES: 

The recent advances in seed technology offer numerous benefits, including increased crop productivity, reduced 
reliance on chemical inputs, improved resource-use efficiency, and the ability to grow crops in marginal environments. 

However, these advancements also present certain challenges. Concerns have been raised regarding the safety and 

sustainability of genetically modified seeds, as well as the potential for the loss of biodiversity and the development of 

resistance in pest populations. Balancing the benefits of seed technology with its potential risks is crucial for achieving 

sustainable agriculture. 
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VII. IMPLICATIONS FOR SUSTAINABLE AGRICULTURE AND FOOD SECURITY: 

The recent advances in seed technology hold immense promise for sustainable agriculture and food security. By 

improving crop yields, enhancing stress tolerance, and reducing the environmental footprint of farming practices, these 

advancements can contribute to the achievement of global food security goals. However, it is essential to ensure that 

the benefits of seed technology are accessible to smallholder farmers in developing countries, promoting inclusivity and 

equitable distribution of resources. 

VIII. CONCLUSION: 

Seed technology continues to advance rapidly, offering new opportunities to farmers worldwide. Recent advances in 

seed technology have dramatically improved the quality and productivity of crops. Seed treatment, seed priming, seed 

biotechnology, and seed storage are some of the key areas of seed technology that have seen significant improvements 

in recent years. As we continue to face global challenges such as food security and climate change, these advancements 

in seed technology will play a crucial role in meeting the world's growing demands for food and fiber crops.However, it 

is crucial to consider the long-term implications of these technologies, including potential ecological consequences and 

accessibility for smallholder farmers in developing countries.By harnessing these advancements responsibly and 

sustainably, we can enhance crop productivity, strengthen food security, and pave the way for a more sustainable 

future. 
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