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change and food security. This study aims to explore recent advancements in seed science,
focusing on seed biology, genetic improvement, production, and storage technologies.
Using a systematic research method, we analyze current innovations and their impact on
crop yields and resilience. The study highlights key developments in seed genetics, such as
the creation of drought-tolerant and pest-resistant varieties, which have significantly

o enhanced crop productivity. Furthermore, precision farming techniques and improved
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Introduction

Seed science and technology play a pivotal role in ensuring global food security and
agricultural sustainability. As the global population continues to grow, and climate change
presents increasing challenges to crop production, the need for innovative and efficient seed
technologies has never been more critical. Seeds are the foundation of agriculture, as they
serve as the starting point for crop production and, consequently, food supply. The ability
to improve seed quality and performance can significantly enhance agricultural
productivity, minimize environmental impact, and help mitigate the effects of climate-
related agricultural challenges (Bewley, Bradford, Hilhorst, & Nonogaki, 2013).

In line with this, recent research has shown that advances in seed biotechnology, such
as genetic modification and precision agriculture techniques, have the potential to increase
crop resilience and productivity under changing environmental conditions (Tester &
Langridge, 2010; George, 2018). These innovations are especially crucial in addressing the
challenges posed by droughts, pests, and other climate-induced factors that threaten global
food security (FAQO, 2017).
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Over the years, advancements in seed science have led to the development of high-
quality seeds that exhibit improved traits such as resistance to pests and diseases, better
nutritional content, and the ability to tolerate extreme environmental conditions. For
example, drought-tolerant and pest-resistant seeds are increasingly crucial in addressing
the challenges posed by climate change (Guo & Wang, 2019). Research in seed biology,
genetics, and physiology has contributed significantly to these breakthroughs. However,
while progress has been made, the field is still evolving, and new challenges, including
those posed by global warming and evolving pest species, continue to emerge (Kato & Arai,
2020).

Despite the significant advancements, there are also ongoing debates within the field,
particularly regarding the role of genetic modification in seed development and its
implications for agricultural biodiversity (Finkelstein, 2013). While some argue that
genetically modified seeds offer a path to improved yields and sustainability, others raise
concerns about their long-term environmental impact and their effect on traditional farming
practices. These diverging perspectives are crucial as they highlight the complexity of
balancing technological innovation with ecological sustainability.

The primary aim of this work is to review the current state of seed science and
technology, focusing on the key areas of seed biology, genetics, production, and storage. By
examining recent advancements and ongoing challenges in these areas, this study aims to
provide a comprehensive understanding of how seed science contributes to enhancing
agricultural productivity and sustainability. The principal conclusion is that continued
investment and innovation in seed science are essential for ensuring food security and
adapting to the changing needs of global agriculture.

Methodology

This study aimed to explore the current state and advancements in seed science and
technology, focusing on the biological, genetic, and physiological aspects of seed
development, production, and storage. The methods employed were designed to provide a
comprehensive review of the literature and offer a synthesis of existing knowledge in the
field.

a. Literature Review
A systematic literature review was conducted to gather relevant research and
studies on seed science and technology. Databases such as Google Scholar, PubMed,
and Scopus were utilized to identify peer-reviewed journal articles, books,
conference proceedings, and other scholarly materials. Keywords such as “seed
science,” “genetic improvement,” “seed storage,” “climate-resilient seeds,” and

“seed production” were used to search for relevant studies published between 2010

and 2023. Studies that provided insights into advancements, challenges, and the

impact of seed technologies on agricultural productivity were prioritized. The review
process involved the screening of abstracts, followed by full-text analysis to
determine the eligibility of studies based on their relevance to the study’s objectives.

b. Data Extraction
Key data points were extracted from the selected literature, including the
methodologies used in various studies, the specific advancements in seed

7 £’ 7 £’

https://agronomia.pubmedia.id/index.php/agro



Jurnal Agronomia: Volume 1, Number 1, 2025 30f7

technologies, the challenges faced by the industry, and the impacts of these
technologies on crop yields and sustainability. The data were organized into
categories such as seed biology, seed production techniques, genetic modification,
seed storage technologies, and climate-resilient seed varieties.
c. Data Analysis
A qualitative analysis was performed on the collected data to identify patterns
and trends in the research findings. This involved categorizing the data according to
the technological advancements in seed science, such as seed quality improvement,
genetic modifications, seed storage solutions, and their role in addressing climate
change and food security challenges. The synthesis of the data allowed for the
identification of gaps in the current research and areas that require further
exploration.
d. Ethical Considerations
This study did not involve any animal or human subjects; therefore, no ethical
approval was required for the review of published literature. However, ethical
considerations related to the sourcing of information from studies and ensuring
proper citations were strictly adhered to. All referenced works were properly
credited according to the appropriate academic standards to avoid plagiarism.
e. Data Availability
As this is a review-based study, no new primary data were generated. The
sources and studies referenced in the manuscript are publicly available through
academic databases and can be accessed by readers. The full list of sources used in
this research is provided in the references section. Additionally, the extracted data
and categorized findings will be made available upon request to ensure transparency
and to assist in future research efforts. No restrictions are placed on the availability
of the materials used in this study.
f. Limitations
While the study provides valuable insights into seed science and technology,
it is limited by the available research in the field. Studies that are not readily
accessible or published in non-English languages were excluded from the review,
which may limit the breadth of the research. Furthermore, the fast-paced
developments in seed technologies may mean that some of the most recent
advancements were not included in this review, as it was conducted over a limited
timeframe.

In conclusion, the methodology used in this study relied heavily on the synthesis of
existing literature, aiming to provide a comprehensive understanding of the state of seed
science and technology while identifying key areas for future research and development.

Result and Discussion

This study systematically reviewed the literature on seed science and technology,
focusing on key advancements, challenges, and impacts on agricultural sustainability. The
data collected revealed significant progress in various areas of seed science, including seed
biology, genetics, seed production, seed storage, and climate-resilient seed varieties. A total
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of 50 articles, published between 2010 and 2023, were analyzed, covering a broad spectrum
of topics relevant to the field.

1. Seed Biology and Genetic Improvement

The review highlighted the major advancements in seed biology, particularly
in understanding seed dormancy, germination processes, and seedling
establishment. Studies revealed that modern techniques in molecular biology and
genomics have enabled the development of genetically modified seeds with
improved traits such as increased resistance to pests and diseases, higher nutritional
content, and enhanced drought tolerance. For instance, research on genetically
engineered drought-resistant maize and rice has shown a significant increase in yield
under water-limited conditions.
2. Seed Production Techniques

The analysis showed a strong trend towards the use of precision farming
techniques to enhance seed production. Advances in seed breeding technologies,
such as marker-assisted selection and gene editing, have led to the development of
seeds that are better adapted to local environments. The integration of these
technologies has allowed for more efficient and sustainable seed production, with
improvements in both seed quality and yield.
3. Seed Storage and Preservation

Regarding seed storage, the results revealed significant improvements in
techniques aimed at extending seed viability. Innovations such as controlled
atmosphere storage and cryopreservation have been shown to increase the shelf life
of seeds, allowing them to remain viable for longer periods. This is particularly
crucial for maintaining seed banks and ensuring the availability of high-quality seeds
for future planting seasons. The study found that proper storage techniques are
essential for maintaining the genetic diversity of seed collections, which is crucial for
food security.
4. Climate-Resilient Seeds

The review also underscored the development of climate-resilient seed
varieties. With the increasing challenges posed by climate change, there has been an
urgent need to develop crops that are more tolerant to extreme weather conditions,
such as drought, high temperatures, and flooding. Research has focused on the
genetic modification of crops to improve their resilience to these stresses, with
promising results seen in crops like drought-tolerant wheat and flood-resistant rice.

Discussion
Impact of Genetic Improvement on Crop Yields

The advancements in seed genetics, particularly through genetic engineering, have
revolutionized crop production. Genetically modified (GM) seeds have enabled farmers to
achieve higher vyields, especially in challenging environments. For instance, the
development of Bt cotton, which is resistant to certain pests, has reduced the need for
chemical pesticides, thereby promoting environmental sustainability. However, the
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adoption of GM seeds remains controversial, particularly in terms of their long-term
environmental impacts and their effect on biodiversity (Finkelstein, 2013). These concerns
necessitate further research into the ecological consequences of GM crops, especially in
terms of gene flow and the potential for resistance development in pests.

Seed Storage Innovations and Their Role in Food Security

Seed storage is a critical component of seed technology, particularly for maintaining
seed viability and ensuring the availability of quality seeds for future planting seasons. The
advancements in seed preservation technologies, such as cryopreservation, offer significant
promise in maintaining the genetic integrity of crops over extended periods. The use of
controlled atmosphere storage in seed banks is another significant improvement that helps
preserve the diversity of crops in the face of climate change. However, these technologies
are not without challenges, such as high operational costs and the need for specialized
infrastructure, which may limit their widespread adoption in developing regions.

Climate-Resilient Seeds and Their Role in Sustainable Agriculture

As the world faces increasingly unpredictable weather patterns due to climate
change, the development of climate-resilient seeds has become a priority. Seeds that can
withstand environmental stresses such as drought, heat, and flooding are essential for
ensuring food security in the future. Research into drought-tolerant maize and wheat has
shown significant promise, with some varieties outperforming traditional crops under
water-limited conditions. However, the widespread adoption of these varieties will require
careful consideration of local farming practices, as well as addressing the economic
challenges associated with the development and distribution of such seeds.

Challenges and Future Directions in Seed Science and Technology

Despite the significant advancements in seed science, several challenges remain. The
potential risks associated with genetic modifications, such as unintended ecological effects,
require thorough evaluation and regulation. Additionally, issues related to seed monopolies
and access to genetically modified seeds by smallholder farmers in developing regions need
to be addressed to ensure equitable benefits. The integration of seed science with sustainable
farming practices, such as agroecology, is a promising direction for future research. There
is also a need for continued investment in public seed banks and open-source seed
initiatives to maintain genetic diversity and promote food sovereignty.

Conclusion

The results of this study demonstrate that seed science and technology have made
significant strides in enhancing crop production and agricultural sustainability.
Advancements in seed genetics, seed production techniques, and seed storage innovations
have played a critical role in improving food security and helping farmers adapt to the
challenges posed by climate change. However, further research is needed to address the
remaining challenges, particularly in terms of the environmental and socio-economic
implications of new seed technologies. Continued innovation in seed science will be
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essential for ensuring that agriculture can meet the growing demands of the global
population while remaining sustainable and resilient to future environmental challenges.
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