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ABSTRACT

To enhance agricultural productivity in seed quality improvement, modern techniques such as seed priming which improves germination efficiency and crop success
are used. For quality assessment, this should be done together with other technologies like hyperspectral imaging and convolutional neural networks. The importance
of seed quality in agriculture is further underscored by the fact that high physiological quality seeds are required for crop development. Genetic mutations that cause
changes in traits necessary for promoting viability and vigour of seeds have led to the utilization of mutation breeding as a technique for improving characteristics
in crops. Despite the rise of genetic modification technologies which provide targeted solutions to enhance elite cultivars, mutation breeding still remains relevant.
This method deals with global food security and improves crop yields, even though it comes with challenges such as unexpected outcomes. CRISPR/Cas is among
the genome editing technologies that have transformed plant breeding methods beyond traditional mutation breeding. Prospects for future developments in
combination with genomic advances provide opportunities for creating better varieties of crops, improving seed quality, and ensuring food security. These new
techniques should be merged so as to keep on enhancing different characteristics of crops in line with changing agricultural needs.
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1.Introduction

Seed quality enhancement is a critical factor in agriculture, significantly impacting productivity and crop success. Traditional methods have evolved into
modern techniques like seed priming, which involves hydrating seeds to initiate metabolic activities, leading to improved germination efficiency (Roy et
al., 2022; Matsushima & Sakagami, 2013). Research emphasizes the importance of seed quality, focusing on factors influencing physiological seed
quality and developing methods to estimate, preserve, and enhance it (Costa et al., 2021). Seed priming, a pre-sowing treatment, establishes a
physiological state for efficient germination (Lutts et al., 2016). Technologies such as hyperspectral imaging and convolutional neural networks are
utilized for non-destructive inspection methods to assess seed quality effectively (Singh et al., 2021; Wang et al., 2022). The adoption of high
physiological quality seeds has played a crucial role in major crop development, highlighting the significance of seed quality in agricultural production
(Costa et al., 2021). Post-harvest treatments aimed at improving germination and seedling growth are essential for successful sowing (Taylor et al., 1998).
Moreover, seed quality is a key determinant in ensuring crop yield and quality, underscoring its pivotal role in agricultural production (Li et al., 2023).
Various treatments like stratification, scarification, and phytohormone applications are employed to stimulate seed germination effectively (Nawrot-
Chorabik et al., 2021). Seed quality not only influences productivity but also contributes to biofortification efforts, with seed priming demonstrating
significant improvements in grain yield (Ullah et al., 2017). The use of certified seeds is essential for maintaining high seed production standards,
particularly in organic farming practices (Golijan et al., 2018). Furthermore, advancements in seed processing methods, such as incorporating diverse
plant seed flours in food products, aid in reducing food waste and enhancing nutritional value (Roobab, 2023; Oyeyinka et al., 2021). The transition from
traditional to modern seed quality enhancement techniques underscores the critical role of seed quality in agriculture. Ongoing research and technological
advancements continue to focus on enhancing seed quality through innovative approaches, ultimately leading to increased productivity and sustainability
in crop production.

2. Understanding Genetic Mutations

Genetic mutations are alterations in the DNA sequence that can lead to changes in an organism'’s characteristics. In the context of seed quality, mutations
can play a significant role in influencing various traits related to seed viability, vigor, and other attributes crucial for successful germination and plant
establishment under different environmental conditions (Khan et al., 2012). Studies have shown that mutations in genes such as ATM and ATR can
impact seed viability, with mutant seeds displaying increased resistance to aging, highlighting the role of specific genes in determining seed quality
(Waterworth et al., 2016). Seed quality is a complex trait influenced by a combination of genetic, physical, physiological, and sanitary attributes that
collectively affect the seed's ability to perform vital functions like germination, vigor, and longevity (Moterle et al., 2011). While some plant processes
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are controlled by single genes following Mendelian inheritance patterns, seed quality is often governed by multiple genes with small to large effects,
making it a quantitative and genetically complex trait (Kazmi et al., 2011).

Efforts to enhance seed quality through genetic manipulation have shown promising results. For instance, targeted knockout of specific genes in plants
like Brassica napus has led to improvements in oil content and fatty acid composition, demonstrating the potential for genetic modifications to enhance
seed traits beneficial for agriculture (Xie et al., 2020). Additionally, studies have explored the impact of mutations induced by factors like gamma-ray
radiation on morpho-agronomic traits, highlighting the potential for mutations to introduce desirable characteristics such as biotic resistance and increased
yield in crops (Kimno et al., 2021). Genetic diversity plays a crucial role in determining seed quality attributes, with studies revealing significant variations
in traits like protein content, calcium content, seed hardness, and size uniformity among different genotypes (Zhang et al., 2010). Furthermore, the
interaction between genotype and environment can result in substantial quantitative variation in seed traits, emphasizing the importance of considering
both genetic and environmental factors in seed quality assessments (Snoek et al., 2023).

3. Mechanisms of Mutation-Induced Seed Quality Improvement

Mutation breeding, a technique involving the purposeful induction of mutations in crops to bring about improvements, has gained significant traction in
recent years as an effective method for enhancing various crop characteristics (Demelash, 2023). Unlike traditional methods like hybridization and
selection, mutation breeding offers the advantage of rectifying specific defects in elite cultivars without compromising their overall agronomic and quality
traits (Pathirana, 2011). This approach is crucial for addressing concerns related to global food security and enhancing crop productivity (Yali & Mitiku,
2022).

While mutation breeding has been a valuable tool, recent advancements in genome editing technologies, such as CRISPR/Cas-mediated genome editing,
have revolutionized plant improvement strategies (Wang et al., 2022). These technologies offer precise and efficient ways to introduce desired traits,
including resistance to biotic and abiotic stresses, thereby accelerating the process of crop improvement (Wang et al., 2022). However, it is important to
note that traditional mutation breeding methods still play a significant role in generating new alleles and traits within crop genomes (Ayan et al., 2022).
The application of induced mutations has been instrumental in fruit improvement without compromising industry requirements or consumer preferences
(Lamo et al., 2017). Moreover, the utilization of variations resulting from mutation breeding has led to significant improvements in grain yield, as seen
in the "green revolution” and the development of high-yielding cultivars in perennial horticultural crops (Xiong et al., 2015).

Despite the decline in interest among plant breeders in mutation breeding since the 1980s, largely due to the emergence of genetic modification
technologies, the technique remains relevant for crop improvement (Holme et al., 2019). Mutation breeding continues to be a valuable approach for
enhancing crop traits, diversifying breeds, and simplifying processing techniques to increase metabolite production and improve product quality (Song,
2012). Mutation breeding stands as a foundational method for crop improvement, offering targeted enhancements to specific traits in elite cultivars. While
newer technologies like CRISPR/Cas have provided additional tools for precise trait manipulation, traditional mutation breeding methods remain essential
for generating genetic diversity and addressing global food security challenges.

4. Benefits and Challenges of Mutation Breeding

Mutation breeding is a valuable technique that aims to induce genetic variations in plants to develop improved varieties, enhancing crop productivity and
quality (Oladosu et al., 2015). This method targets major plant traits to boost yield, disease resistance, and overall adaptability (Oladosu et al., 2015). By
leveraging mutation breeding, breeders can accelerate the development of well-adapted plant varieties with enhanced traits, such as faster flowering,
which can shorten generation times and expedite breeding programs (Eshed & Lippman, 2019). While mutation breeding offers significant advantages,
it also presents challenges and risks. The outcomes of mutation breeding can be unpredictable, with varying mutation rates observed in different genes
(Hamdan et al., 2022). However, radiation mutation breeding is notable for its broad mutation spectrum and high efficiency compared to other breeding
methods like cross-breeding and chemical mutagenesis (Ma et al., 2021). Induced mutations provide breeders with a means to control mutational breeding,
offering a solution to agricultural challenges such as climate change and food security (Michalczuk, 2022). Mutation breeding has been successfully
applied to various crops, including soybeans, resulting in genetic variations that offer diverse sources for modifying essential traits to meet various end-
user needs (Zhou et al., 2019). This technique has played a crucial role in enhancing qualitative and quantitative characteristics in a wide range of crops,
from cereals to fruits, and has shown promise in developing varieties with increased tolerance to biotic and abiotic stresses (Pandit et al., 2021).
Additionally, mutation breeding has been recognized as a vital tool in crop improvement, contributing significantly to global food security (Yali & Mitiku,
2022). This is a powerful approach to enhance crop traits and address agricultural challenges. While it enables the development of improved plant varieties
with desirable characteristics, the technique also poses uncertainties due to the unpredictable nature of induced mutations. By capitalizing on the benefits
of mutation breeding and addressing its challenges, researchers and breeders can further advance crop improvement efforts to meet the evolving demands
of agriculture.

5. Future Prospects and Innovations in Mutation Breeding

Mutation breeding, a technique that has been utilized for decades, continues to play a crucial role in enhancing seed quality and increasing crop yields.
This method has been instrumental in developing new cultivars with improved traits, such as early seed maturity, high seed yield, and enhanced seed
quality (Basu et al., 2007). The use of physical and chemical mutagens in mutation breeding has proven to be fast, flexible, and effective in crop
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improvement (Ayan et al., 2022). Additionally, mutation breeding has been acknowledged for its ability to introduce genetic variation, leading to the
development of superior crop varieties with desirable characteristics (Hm, 2013). In recent years, advancements in genomics have revolutionized crop
breeding systems by providing a solid foundation for incorporating mutation breeding techniques. The integration of genomics with improved
phenotyping assays and functional genomic studies has opened up new avenues for enhancing crop breeding strategies (Bevan et al., 2017). Various
breeding approaches, including mutation breeding, transgenic technology, genome editing, and marker-assisted selection, have been employed to improve
crop traits, thereby contributing to increased crop productivity and seed quality (Su et al., 2019).

Furthermore, the potential impact of mutation breeding on global food security is significant. By generating new germplasm through mutation induction,
this technique has been pivotal in the development of major crop cultivars, highlighting its importance in ensuring food security worldwide (Manzanares
et al., 2016). The continuous evolution of mutation breeding methods underscores its relevance in addressing the challenges posed by changing
environmental conditions and the need for sustainable crop production (Melsen et al., 2021).

6. Conclusion

Seed quality enhancement is a pivotal aspect of modern agriculture, driving productivity and crop success. Contemporary techniques like seed priming,
which enhances germination efficiency by initiating metabolic activities, underscore the evolution from traditional methods. Advanced technologies such
as hyperspectral imaging and convolutional neural networks further support non-destructive seed quality assessment, reinforcing the critical role of high-
quality seeds in agricultural production. Effective post-harvest treatments and certified seed usage are vital for maintaining standards, especially in organic
farming, while innovative processing methods contribute to reducing food waste and improving nutritional value. Genetic mutations, altering DNA
sequences, significantly impact seed traits, affecting viability and vigor. Research highlights that mutations in specific genes can enhance seed quality,
underscoring the complexity of seed quality traits governed by multiple genes. Genetic manipulation, including targeted knockouts and induced mutations
via radiation, shows promise in improving desirable seed characteristics, highlighting the importance of genetic diversity and genotype-environment
interactions in seed quality.

Mutation breeding, involving the induction of mutations, has become a valuable method for crop improvement, addressing global food security and
enhancing productivity. This technique allows for precise trait enhancements without compromising overall quality, although newer genome editing
technologies like CRISPR/Cas offer more targeted modifications. Despite its decline in popularity due to genetic modification technologies, mutation
breeding remains relevant, contributing significantly to crop trait diversification and improvement.

The benefits of mutation breeding include accelerated development of varieties with improved traits such as yield and disease resistance. However, it
presents challenges due to the unpredictable nature of induced mutations. Radiation mutation breeding, with its broad mutation spectrum, offers efficient
solutions to agricultural challenges. This technique has been applied successfully across various crops, enhancing traits and contributing to global food
security. Looking ahead, mutation breeding continues to play a crucial role in crop improvement. The integration of genomics with mutation breeding
offers new opportunities for developing superior crop varieties, addressing changing environmental conditions, and ensuring sustainable production. The
evolution of breeding methods, including mutation breeding, is vital for meeting the future demands of agriculture, emphasizing its ongoing significance
in enhancing seed quality and crop yields.
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