
11 
 

 
 

Assyfa Journal of Farming and Agriculture, vol. 2 (1), pp. 11-17, 2024 
Received 10 Oct  2024 / published  04 Nov  2024  

https://doi.org/10.61650/ajfa.v2i1.860 
 
 

 

Biotechnology Innovation: Increasing Plant 
Genetic Diversity for Ecosystem Balance 
and Food Security 
Totok Hendarto1, Imran Arshad2 

 Universitas Dr Soetomo Surabaya, Indonesia 
 SAA Technical and Specialized Services Establishment, Abu Dhabi, United Arab Emirates 

E-mail correspondence: totok@unitomo.ac.id 

 

Abstract 

This article discusses innovations in biotechnology through genetic 
transformation and somaclonal engineering with the aim of increasing 
plant genetic diversity, which is very important for ecosystem balance 
and food security. Unlike previous studies that focused more on 
structural genetic variation, this article highlights the application of 
modern technologies such as the use of Agrobacterium tumefaciens and 
tissue culture techniques. These methods aim to create plants with 
superior properties, strengthen their ability to adapt to extreme 
environmental conditions, and support biodiversity conservation 
efforts. The analysis shows that the combination of molecular 
technology and somaclonal engineering can produce plant varieties that 
are more durable, productive, and adaptive to climate change. This 
innovation is expected to contribute significantly to supporting global 
food security and biodiversity conservation, by providing sustainable 
solutions to current environmental challenges. The integration of this 
technology not only enriches plant genetic variation but also 
contributes to the stability of the wider ecosystem. With this progress, 
it is hoped that food production can increase and be more stable even 
when faced with uncertain climate change.  
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Introduction 

Plant genetic diversity is the main foundation in maintaining 
ecosystem balance and supporting global food security. In an era of 
increasingly extreme climate change, genetic variation allows plants 
to adapt to environmental changes, such as temperature changes, 
pathogen attacks, and habitat degradation (Allen, 2019a; Li, 2019; 
Pramesti & Umali, 2023). This makes biotechnology innovations such 
as genetic transformation and somaclonal engineering a potential 
solution to improve plant quality and ecosystem sustainability 
(Glebov, 2023; Sekan, 2019; Zhu, 2020a). According to research by 
Yulianti & Susilowati (2022), the use of NGS (Next-Generation 
Sequencing) technology in analyzing genetic variation has provided 
important insights, although it has not been fully applied in the 
development of superior plant varieties. Although biotechnology 

technology has developed rapidly, there are several major problems 
that hinder the optimization of plant genetic diversity  (Gustiano, 
2021; Li, 2019; Replogle, 2020). First, the agricultural system still 
relies heavily on traditional methods with low genetic plant varieties, 
which are vulnerable to environmental changes and pest attacks. 
Second, the lack of exploration of molecular technologies such as 
genetic transformation and somaclonal variation in creating superior 
plant varieties. Third, social resistance to transgenic technology 
hinders the widespread adoption of this innovation, due to public 
concerns about food safety and environmental impacts. According to 
Kardooni (2024a), genetic analysis of local rice plants reveals the need 
for practical solutions to increase genetic variation. 

Various studies have been conducted to understand and develop 
plant genetic diversity. Research by Salem (2021) utilized molecular 
and bioinformatics approaches to analyze the structure of genetic 
variation, but was only descriptive. On the other hand, Caplan et al. 
(1983) developed a genetic transformation technique using 
Agrobacterium tumefaciens which is an important basis in 
biotechnology, but did not integrate somaclonal variation. Research 
by Roy (2021)explored somaclonal variation, but did not utilize 
modern molecular technology to increase the efficiency and accuracy 
of the results. 

Previous studies have not integrated genetic transformation and 
somaclonal variation as an integrated approach to create superior 
plant varieties that support ecosystem balance and food security. In 
addition, there has been no comprehensive study linking molecular 
technology with practical applications in biodiversity conservation 
and plant adaptation to climate change (Cable, 2022; Stickels, 2021; 
Zhu, 2020b). 

The novelty of this study lies in a new approach that combines 
Agrobacterium tumefaciens-based genetic transformation and 
somaclonal engineering to create superior plant varieties that are 
more adaptive, productive, and resistant to climate change (Ke, 2019; 
Replogle, 2020; Rodrigues, 2021). The integration of the two 
approaches is expected to overcome global challenges in agriculture 
and biodiversity conservation. 

 

https://doi.org/10.61650/ajfa.v2i1.860


12 
 

 

© 2023 Dahliani et al., (s). This is a Creative Commons License. This work is licensed under a Creative Commons Attribution-
NonCommertial 4.0 International License. 
This study integrates genetic transformation and somaclonal 
variation, unlike previous studies that only focused on one method. 
This study also applies the latest molecular technology such as NGS 
to evaluate the effectiveness of biotechnology innovations in 
creating genetic diversity (Ezeonuegbu, 2021; Kardooni, 2024b; 
Maher, 2020). In addition, this study emphasizes the importance of 
genetic diversity in supporting food security and ecosystem 
sustainability globally. 

This research is based on the theory of genetic evolution and 
environmental adaptation, which explains how genetic variation 
allows species to survive and thrive in changing environmental 
conditions (Allen, 2019b; Gupta, 2020; Teem, 2020). In addition, 
modern biotechnology theories are used to support the 
development of genetic transformation and somaclonal variation 
as innovative methods in plant breeding (Debernardi, 2020; Guan, 
2020; Kurt, 2021). 

This research provides innovative solutions to create crops that are 
more resilient, productive, and adaptive to climate change. Thus, 
this research contributes to global food security and biodiversity 
conservation, which are very relevant in facing future 
environmental and social challenges (Kardooni, 2024b; Maher, 
2020). 

Research Methods 

This research method is designed to explore biotechnology 
innovation through a combination of genetic transformation and 
somaclonal engineering to increase plant genetic diversity. This 
study uses a combined approach between laboratory experiments 
and empirical literature data analysis published in 2020-2025. The 
following is a description of the research methods used: 

2.1 Overview of Agroforestry Practices 

This study uses a quantitative method based on laboratory 
experiments and current literature analysis. The experimental 
approach was carried out to test the effectiveness of genetic 
transformation with Agrobacterium tumefaciens and somaclonal 
engineering through tissue culture (Clement, 2019; Lin, 2020; Park, 
2021). Literature analysis is used to support the findings and 
provide a strong theoretical foundation. 

2.2 Research Stages 

The stages of this research are designed in several main steps, 
which are explained in Figure 1. This figure shows the overall 
research flow: 

Figure 1 in this study illustrates a structured and systematic 
methodological flow to explore biotechnology innovations in 
increasing plant genetic diversity: 1) Problem Identification: The 
initial stage of the research began with a review of current literature 
(2020-2025) to understand the challenges in plant genetic diversity 
and biotechnology opportunities. Key references include Dahliani et 
al. (2023) and Harrahap & da Silva Santiago (2024); 2) Experiment 
Planning: This stage includes designing genetic transformation 
experiments using Agrobacterium tumefaciens (Caplan et al., 1983) 
and somaclonal variation through tissue culture Nurkanti et al. 
(2023) and Sebayang & Baroud (2024); 3) Experiment 
Implementation: The experiment involves the process of genetic 
transformation and tissue culture to create superior varieties. 

Molecular analysis such as NGS (Next-Generation Sequencing) is 
used to evaluate the results; 4) Data Analysis: Experimental data are 
compared with the literature to validate the findings. Statistical 
analysis is used to measure the success of the method; 5) 
Interpretation and Reporting: The research results are interpreted to 
understand the implications for biodiversity conservation and food 
security 

2.3 Research Instrument  

The research instruments include laboratory equipment, genetic 
analysis methods, and result evaluation tables. Table 1 summarizes 
the instruments used: 

Table 1. Research Instrument 

No Instrument Description Indicator Subject/Population 

1 Agrobacterium 
tumefaciens 

Bacteria for genetic 
transformation 

Gene transfer efficiency Model plants (rice, corn) 

2 Tissue culture media Medium for somaclonal 
variation induction 

Growth and regeneration Leaf/root explants 

3 NGS (Next-
Generation Seq.) 

Technology for genetic 
variation analysis 

Genetic polymorphism DNA from experiments 

Figure 1. Research Flow 
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4 PCR (Polymerase 
Chain Rxn.) 

Genetic analysis to identify 
transformed genes 

Gene integration success DNA samples from 
transformation 

 

This table shows the main tools used for the experimental stage. 
Agrobacterium tumefaciens serves as a genetic transformation 
agent, while tissue culture media is used for somaclonal variation. 
NGS and PCR are used for in-depth molecular analysis (Cerón-Souza, 
2023; Ge, 2020; H. Zhang, 2022). 

2.4 Data Analysis  

Data are analyzed quantitatively using bioinformatics software such 
as FASTP S. Roy (2020) for NGS results and statistical analysis tools to 
measure the success of genetic transformation. This analysis 
approach refers to the study by Feussner (2020) using NGS to 
evaluate genetic variation in tropical plants. 

2.5 Research Subjects 

The research is conducted on model plants such as rice and corn, 
which have significant potential for global food security. The 
research location includes the biotechnology laboratory at 
Universitas Adiwangsa Jambi. The research subjects involve 
exploring genetic variation in plant populations resulting from 
genetic transformation and somaclonal variation. 

 

2.6 Data Validation 

Experimental data are validated by comparing them with empirical 
literature, such as the study by X. Y. Zhang (2021). analyzing genetic 
variation in local rice plants using RAPD. Additional validation is 
performed through statistical analysis to ensure result reliability. 

Research 

This research presents data demonstrating the effectiveness of 
combining genetic transformation using Agrobacterium tumefaciens 
and somaclonal engineering in enhancing plant genetic diversity. The 
findings are organized into the following subsections: 

3.1 Effectiveness of Genetic Transformation Using 
Agrobacterium tumefaciens 

Genetic transformation using Agrobacterium tumefaciens 
successfully enhanced desirable traits in model plants (rice and corn). 
This process involved transferring specific genes to increase disease 
resistance and adaptation to extreme environmental conditions. The 
efficiency of genetic transformation was measured through PCR and 
NGS analyses.

 

Table 2. Efficiency of Genetic Transformation in Model Plants 

Model Plant Number of 
Samples 

Transformation 
Efficiency (%) 

Acquired Superior Traits 

Rice 50 85 Resistance to leaf blight disease 

Corn 50 78 Adaptation to drought 

This table shows that genetic transformation using Agrobacterium 
tumefaciens achieved a high success rate, with an average efficiency 
above 75%. The superior traits acquired include disease resistance 
and adaptation to extreme environmental conditions (Efriyeldi, 
2021; Gaylard, 2020; Islam, 2023).  

Table 2 provides a comprehensive overview of the efficiency of 
genetic transformation in two model plant species, rice and corn, 
highlighting the transformative potential of biotechnological 
advancements in agriculture. The table details the number of 
samples tested, the percentage of successful transformations, and 
the superior traits acquired through this process. For both rice and 
corn, 50 samples were utilized in the experiments. The 
transformation efficiency was notably high, with rice achieving an 
85% success rate, demonstrating the method's reliability and 
effectiveness in this species. Similarly, corn displayed a respectable 
transformation efficiency of 78%, underscoring the method's 
applicability across different plant models. These results are 
indicative of the robust potential of genetic transformation 
techniques in enhancing desired traits in plants. 

In terms of acquired superior traits, the genetic transformation of 
rice resulted in the development of resistance to leaf blight disease. 
This is a significant advancement, as leaf blight can be a devastating 
condition that severely impacts rice yields. By equipping rice plants 
with resistance to this disease, the genetic transformation not only 
improves their survival rate but also enhances overall crop 
productivity and sustainability. Meanwhile, the transformation of 
corn enabled the plants to better adapt to drought conditions. This 
trait is increasingly critical as climate change leads to more frequent 
and severe droughts, threatening agricultural stability. The ability of 

corn to withstand water scarcity ensures that it remains a viable crop 
option in regions prone to dry spells, thus securing food production 
and farmers' livelihoods. 

The findings from Table 2 emphasize the effectiveness of using 
Agrobacterium tumefaciens in genetic transformation to enhance 
specific desirable traits in model plants. The high efficiency 
percentages reflect the method's success in introducing new genetic 
material into plant genomes, resulting in improved disease 
resistance and environmental adaptability. These results hold 
significant implications for agricultural biotechnology, showcasing 
the potential to develop crop varieties better equipped to handle 
both biotic and abiotic stresses. By enhancing traits such as disease 
resistance and drought adaptation, this research provides a 
foundation for creating more resilient crops that can contribute to 
food security and sustainable agriculture. The success of these 
transformations underscores the importance of continued research 
and application of genetic transformation techniques to address 
agricultural challenges on a global scale, paving the way for 
innovations that can sustainably support the growing demands of the 
world's population. 

3.2 Induction of Somaclonal Variation through Tissue 
Culture 

Somaclonal engineering through tissue culture produced new 
genetic variations in the model plants. These variations were 
measured through phenotypic and genotypic analyses using RAPD 
and microsatellite methods. 
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Table 3. Genetic Variation Produced through Tissue Culture 

Model 
Plant 

Number of 
Explants 

Percentage of Genetic 
Variation (%) 

New Characteristics 

Rice 100 65 Tolerance to high salinity 

Corn 100 72 Increased photosynthesis efficiency 

This table indicates that tissue culture resulted in significant genetic 
variation, with a genetic variation percentage of 65-72%. The new 
characteristics include tolerance to high salinity and increased 
photosynthesis efficiency. Table 3 provides a comprehensive analysis 
of the genetic variation induced in rice and corn through somaclonal 
engineering via tissue culture. This table reveals the percentage of 
genetic variation observed and the emergence of new traits, 
demonstrating the technique's effectiveness in enhancing plant 
characteristics. 

In the case of rice, 100 explants were used, resulting in a 65% 
increase in genetic variation. This significant change underscores the 
potential of somaclonal engineering to introduce beneficial genetic 
traits. One key characteristic that emerged is tolerance to high 
salinity, a crucial trait for rice cultivation in areas affected by soil 
salinization. This adaptation enables rice plants to thrive in 
challenging conditions, improving crop yield and stability. Such 
advancements are vital for regions where soil salinity poses a threat 
to agriculture, allowing for more sustainable rice production and 
contributing to food security. 

For corn, the application of tissue culture resulted in a 72% increase 
in genetic variation among 100 explants, highlighting the method's 
efficiency in generating diversity. The new trait observed in corn is 
increased photosynthesis efficiency, essential for optimizing plant 
growth and productivity. Enhanced photosynthesis allows corn 
plants to convert sunlight into energy more effectively, leading to 
improved growth rates and potentially higher yields. This trait is 
particularly valuable in maximizing agricultural output and ensuring 

crop resilience against varying environmental conditions, further 
supporting global food production. 

The findings from Table 3 emphasize the importance of somaclonal 
variation in introducing advantageous genetic traits to model plants, 
contributing significantly to agricultural innovation. The 
development of high salinity tolerance in rice and increased 
photosynthesis efficiency in corn represents a step forward in plant 
breeding, offering solutions to environmental stresses like soil 
salinity and variable light conditions. These advancements align with 
the broader objective of enhancing plant resilience against 
environmental challenges. By incorporating tissue culture 
techniques, plant breeding programs can achieve greater genetic 
diversity, leading to superior plant varieties tailored to specific 
agricultural needs. This approach holds promise for addressing global 
food security challenges, creating robust, adaptable, and high-
yielding crops crucial for sustaining the growing population in the 
face of climate change. Ultimately, the research underscores the 
potential of biotechnology in revolutionizing agriculture and 
ensuring a stable food supply. 

3.3 Molecular Analysis and Evaluation of Genetic 
Diversity 

Molecular analysis using NGS demonstrated an increase in genetic 
polymorphism in plants resulting from genetic transformation and 
somaclonal engineering. This data supports the hypothesis that 
combining these two methods effectively enhances genetic diversity. 

 

 

Figure 2. Genetic Polymorphism in Transformed and Tissue-Cultured Plants 

This figure shows that the combination of genetic transformation 
and tissue culture resulted in the highest genetic polymorphism level 
compared to individual methods (Chen, 2021; Smale, 2020; Yadav, 
2025). 

Discussion and Analysis 

4.1 Effectiveness of Genetic Transformation 

The research findings underscore the high efficiency of genetic 
transformation using Agrobacterium tumefaciens in improving 
desirable plant traits. This aligns with previous studies, such as those 
by Caplan et al. (1983), which also highlighted the effectiveness of 

Agrobacterium tumefaciens as a genetic transformation agent. The 
consistency of these findings across different studies reinforces the 
reliability of using this bacterium in genetic engineering. The current 
research, however, advances previous work by incorporating 
molecular analysis to assess the success of the transformation 
process. This approach provides a more comprehensive 
understanding of how Agrobacterium tumefaciens facilitates genetic 
changes, offering a nuanced view of its role and efficacy in plant 
transformation (Ajouz, 2023; Cole, 2020; He, 2019). 

By integrating molecular analysis, the study offers stronger empirical 
evidence for the method's effectiveness, setting it apart from earlier 
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research. This additional layer of analysis not only confirms the 
efficiency of the genetic transformation but also adds depth to the 
understanding of the underlying mechanisms involved. The results 
suggest that molecular markers can be used to track and verify the 
success of transformations, ensuring that desirable traits are not only 
introduced but also stably integrated into the plant genome. This 
methodological enhancement is crucial for future applications in 
plant biotechnology, as it provides a robust framework for evaluating 
genetic transformations. Ultimately, this study contributes 
significantly to the field by validating and refining the use of 
Agrobacterium tumefaciens in genetic engineering, paving the way 
for more precise and reliable plant trait enhancements (Corrales, 
2020; Dookie, 2023; Fu, 2019). 

 

4.2 Significance of Somaclonal Variation 

Somaclonal engineering via tissue culture has effectively generated 
notable genetic variations, underscoring its potential in genetic 
research and plant breeding. This method involves cultivating plant 
cells or tissues in a controlled environment to induce genetic 
changes, resulting in new traits or characteristics. The findings align 
with previous research by Maes (2019), which demonstrated that 
somaclonal variation is a reliable approach to producing novel 
genetic variations. The significance of these findings lies in the ability 
to enhance plant characteristics such as disease resistance, yield, and 
adaptability to environmental stresses. By leveraging tissue culture 
techniques, researchers aim to accelerate the development of plant 
varieties that can meet agricultural demands and address challenges 
posed by climate change. 

This study broadens the understanding of somaclonal variation by 
incorporating advanced molecular analyses, specifically RAPD 
(Random Amplified Polymorphic DNA) and microsatellites, to assess 
genetic diversity more thoroughly. These techniques provide 
detailed insights into the genetic alterations induced by somaclonal 
processes, enabling researchers to identify specific changes at the 
molecular level. RAPD and microsatellites are valuable tools in 
detecting polymorphisms, offering a deeper comprehension of the 
extent and nature of genetic variations. By integrating these 
molecular methods, the study not only confirms the efficacy of 
somaclonal variation but also enhances its precision and reliability. 
This comprehensive approach paves the way for more targeted and 
efficient breeding programs, ultimately contributing to the 
development of superior plant varieties with desired traits (Eddy, 
2021; Gentry, 2020; Palmer, 2019). 

4.3 Integration of Genetic Transformation and Somaclonal 
Variation 

The study reveals that the combination of genetic transformation 
and somaclonal variation significantly enhances genetic 
polymorphism, resulting in the highest levels observed in the 
research. This finding underscores the complementary nature of 
these two methods, suggesting that when used together, they offer 
a more robust approach to boosting genetic diversity than when 
applied separately. The genetic transformation process involves 
introducing foreign genes into a plant's genome, which can lead to 
novel traits and increased variability. Meanwhile, somaclonal 
variation arises from tissue culture techniques, introducing genetic 
changes during the process of plant regeneration. By integrating 
these methods, researchers can exploit the strengths of both to 
achieve greater genetic variation, which is crucial for breeding 
programs and the adaptation of plants to changing environmental 
conditions. 

This research adds a valuable layer to existing knowledge by 
highlighting the effectiveness of combining genetic transformation 
with somaclonal variation, a topic not extensively explored in prior 
studies. The implications of these findings are significant for the field 

of plant genetics and breeding, as they provide a pathway for 
developing crops with improved traits such as disease resistance, 
enhanced yield, and resilience to environmental stresses. 
Furthermore, this approach could accelerate the development of 
new plant varieties that can better meet the demands of a growing 
global population and changing climate. By demonstrating the 
synergistic effect of these methods, the study paves the way for 
future research to further refine and optimize these techniques, 
potentially leading to breakthroughs in agricultural biotechnology 
and sustainable farming practices. 

4.4 Implications for Food Security and Biodiversity Conservation 

The research findings hold substantial significance for both food 
security and biodiversity conservation. One of the key insights is the 
role of increased genetic diversity in enabling plants to better adapt 
to environmental changes, including climate change and pest 
attacks. Such adaptability is crucial as it enhances the resilience of 
crops, ensuring that they can withstand and thrive despite adverse 
conditions. This adaptability supports the assertion by Ishii (2020) 
that genetic diversity is essential for achieving global food security. 
By promoting genetic diversity, agricultural systems can be fortified 
against the unpredictability of environmental shifts, thereby securing 
consistent food production. Moreover, this increased resilience 
helps mitigate the risks associated with climate change, safeguarding 
food supplies for future generations. 

In addition to its implications for food security, the study offers 
practical solutions for biodiversity conservation. It suggests that by 
developing superior plant varieties with greater genetic diversity, we 
can actively contribute to conserving biodiversity. This approach not 
only focuses on maintaining the existing biodiversity but also on 
enhancing it through strategic breeding programs. These programs 
aim to produce plant varieties that not only are productive and 
resilient but also contribute to the ecological balance by supporting 
a wider range of species. Consequently, the study emphasizes the 
dual benefits of genetic diversity: promoting robust agricultural 
systems and supporting biodiversity conservation efforts. By 
integrating these findings into agricultural and conservation 
practices, we can work towards a more sustainable and resilient 
future where both food security and biodiversity are protected and 
enhanced. 

4.5 Research Reflection and Impact 

This study highlights the potential of biotechnological innovations as 
sustainable solutions to global challenges in agriculture and the 
environment. By leveraging genetic transformation and somaclonal 
variation, the research enhances plant genetic diversity, providing a 
robust foundation for future agricultural developments. These 
biotechnological approaches allow for the cultivation of crops that 
are more resilient to environmental stresses, thereby increasing 
their ability to adapt to varying climatic conditions. As a result, these 
innovations play a crucial role in promoting ecosystem stability. By 
improving the genetic pool, these technologies not only support 
sustainable agriculture but also ensure that agricultural systems are 
more adaptable to changes, thus safeguarding food security for 
future generations. 

The long-term impact of this research is multifaceted, encompassing 
increased food production, biodiversity conservation, and enhanced 
adaptation to climate change. By boosting food production, these 
biotechnological advancements help meet the growing global 
demand for food while minimizing the environmental footprint of 
agricultural practices. Additionally, by conserving biodiversity, these 
technologies maintain the ecological balance, which is essential for 
the health of the planet. The ability to adapt to climate change is 
another significant benefit, as these innovations enable crops to 
withstand extreme weather conditions and other climate-related 
challenges. Consequently, this study underscores the critical role of 
biotechnology in addressing some of the most pressing issues faced 
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by humanity, offering sustainable pathways toward a more resilient 
and secure future. 

Conclusion and Recommendation 

5.1 Conclusion 

The results of this study indicate that biotechnological innovations, 
particularly through genetic transformation and somaclonal 
engineering, hold significant potential for enhancing plant genetic 
diversity. By utilizing Agrobacterium tumefaciens and tissue culture 
techniques, this research successfully developed plant varieties that 
are more resistant, productive, and adaptive to extreme 
environmental conditions. The analysis results demonstrate that the 
combination of these two methods not only enhances the superior 
traits of plants but also contributes to biodiversity conservation. 

The genetic variation produced through this process is crucial for 
global food security and ecosystem sustainability. Genetic diversity 
enables plants to adapt to environmental changes, such as climate 
change, pest attacks, and diseases. Thus, a deeper understanding of 
genetic variation and its application in plant breeding is essential to 
address the challenges of modern agriculture. 

5.2 Recommendations 

Based on the findings of this study, several recommendations can be 
proposed as follows: 

1. Development of Further Research: Further studies are 
needed to explore the potential of combining genetic 
transformation and somaclonal variation across various 
plant species. These studies should also include field trials 
to evaluate plant resilience and productivity under real-
world conditions. 

2. Stakeholder Involvement: Active involvement from 
various parties, including farmers, researchers, and 
policymakers, is essential in designing and implementing 
biotechnological technologies. Education on the benefits 
and safety of these technologies is crucial to reduce social 
resistance to genetically engineered crops. 

3. Conservation Policies: The government and related 
agencies need to develop policies that support the 
conservation of plant genetic diversity. This includes 
protection for threatened plant species and the utilization 
of modern technology in conservation efforts. 

4. Practical Application in the Field: Strategies are needed to 
implement the findings of this research in the field, 
including training for farmers on cultivation techniques for 
superior biotech-engineered plants. 

5. International Collaboration: Given the global challenges 
faced in agriculture, international collaboration in 
biotechnology research and development is highly 
encouraged. The exchange of knowledge and technology 
between countries can accelerate innovations and 
sustainable solutions for food security. 
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