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Abstract:

The integration of Information and Biotechnology Management in agriculture marks a pivotal
advancement in modern farming practices. This interdisciplinary approach harnesses the power of
information systems and biotechnological innovations to address challenges and optimize
agricultural processes. Information management systems, including satellite imagery and sensors,
enable precision agriculture, ensuring efficient resource utilization and reducing environmental
impact.

Biotechnology plays a crucial role in enhancing crop varieties, with genetically modified
organisms exhibiting increased resistance to pests and diseases. The emphasis on soil health
management through bio fertilizers and sustainable practices aligns with environmental
stewardship goals. The outcomes include improved yields, reduced reliance on chemical inputs,
and a commitment to sustainable agricultural practices.

The synergy between information and biotechnology empowers farmers with data-driven decision-
making capabilities. Real-time data facilitates precise crop management, contributing to increased
profitability and economic viability. The integration of traceability and quality control mechanisms
in the agricultural supply chain ensures transparency and reliability, meeting consumer demands
for safe and sustainable food products.

As the agricultural sector navigates the complexities of a changing climate and a growing global
population, the outcomes of Information and Biotechnology Management present a pathway
towards resilience and sustainability. Ongoing advancements in these fields hold promise for
addressing food security concerns, fostering innovation, and ensuring the continued prosperity of
the agricultural industry.
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Introduction:

Information management and biotechnology in agriculture constitute crucial domains that
significantly contribute to enhancing agricultural performance and advancing agricultural
production. The world today witnesses tremendous progress in the fields of biotechnology and
information technology, leading to substantial transformations in how information is managed
and life technology is employed in agriculture.

The Importance of Information Management and Biotechnology in Agriculture:
1. Increased Productivity:

The use of biotechnology enhances agricultural productivity by improving crop varieties and
developing advanced farming techniques, resulting in higher yields and better quality.

2. Loss Mitigation:

Information management helps analyze agricultural data to predict risks and identify appropriate
solutions, thereby reducing production losses and improving agricultural sustainability.

3. Product Quality Enhancement:

Biotechnology can be employed to enhance the quality of agricultural products by improving
manufacturing processes and enhancing the nutritional and health properties of crops.

4. Environmental Guidance:

Biotechnology contributes to better natural resource management and biodiversity conservation,
promoting sustainable agriculture and environmental preservation.

Challenges of Information Management and Biotechnology in Agriculture:
1. Security and Privacy:

The use of biotechnology raises concerns about data security and privacy rights, necessitating the
establishment of policies and procedures to protect biotic information.

2. Cost:

Biotechnology poses financial challenges for farmers, and addressing these challenges is crucial
to ensure the anticipated economic benefits.

3. Legislation and Policies:

The use of biotechnology requires an effective legal and policy framework to ensure compliance
and sustainable utilization
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Key Themes in Research:

1.

Enhanced Crop Varieties: Numerous studies emphasize the positive impact of
biotechnology on agriculture by developing genetically modified crop varieties. These
varieties exhibit increased resistance to pests, diseases, and adverse environmental
conditions, contributing to higher yields and improved agricultural sustainability.

Precision Agriculture and Information Management: Research highlights the role of
information management in precision agriculture, where data-driven insights help farmers
optimize resource utilization, monitor crop health, and implement targeted interventions.
Integration of satellite imagery, sensors, and data analytics enhances decision-making
processes for improved efficiency.

Biotechnological Approaches for Soil Health: Scientific investigations delve into
biotechnological solutions to enhance soil health. This includes the development of
microbial inoculants and bio fertilizers that promote nutrient cycling, improve soil
structure, and mitigate the environmental impact of traditional agricultural practices.

Genomic Tools for Crop Improvement: Genomic technologies are widely explored to
accelerate crop improvement programs. Research focuses on identifying key genes related
to desirable traits, enabling the development of crops with increased yield, nutritional
content, and resilience to changing environmental conditions.

Challenges and Ethical Considerations: Scientific research acknowledges the challenges
associated with the widespread adoption of biotechnology in agriculture. Ethical
considerations, environmental impacts, and socio-economic factors are studied to ensure
responsible and sustainable integration of biotechnological advancements.

Biotechnology:

Biotechnology refers to the use of technologies and methods to develop and enhance living
systems and organisms. These technologies encompass a wide range of fields and applications that
rely on an understanding of biological sciences and the utilization of technology to achieve specific
goals. Here are some key areas addressed by biotechnology:

1.

Genetic Engineering:

o Genetic engineering techniques allow the modification of genes to improve the
characteristics of living organisms, whether plants or animals.

e They can be used to develop genetically modified crops with enhanced resistance
to pests or better tolerance to harsh environmental conditions.
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e Genetic engineering facilitates the improvement of microbial properties for the
production of useful chemicals or medicines.

2. Molecular Tools and Biotechnological Analysis Techniques:

o Techniques such as DNA sequencing and molecular analysis allow the study of
the genetic and protein structure of living organisms.

e They are used in disease diagnosis, understanding its mechanisms, and examining
genetic predispositions in individuals.

3. Biological Medicine and Biopharmaceuticals:
o Used to develop biological drugs such as antibodies and vaccines.

« Contributes to understanding disease mechanisms and identifying molecular
targets for drugs.

4. Biological Agriculture:

e Encompasses biotechnology techniques to improve crop production and resistance
to diseases and environmental conditions.

o Used in developing genetically modified plants to enhance agricultural traits.
5. Medical Research and Advanced Therapies:

e Used in the development of treatments for specific diseases, including gene and
cell therapies.

e CRISPR technologies enable precise gene editing.
6. Bioinformatics:

o Used for analyzing large biological datasets and understanding genetic and
protein interactions.

o Cloud computing technologies contribute to processing and analyzing massive
amounts of biological data.

Biotechnology is continuously evolving, playing a vital role in advancing biological sciences and
improving the quality of life and productivity across various fields.
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Biotechnology
Genetic Engineering:

Genetic engineering is a branch of biotechnology that involves manipulating the genetic material
of living organisms to achieve specific desired traits or outcomes. This field allows scientists to
directly alter the DNA of organisms, introducing, deleting, or modifying genes to produce new
characteristics. Key aspects of genetic engineering include:

1. Gene Insertion:
« Involves the introduction of specific genes into an organism's DNA.

« This can be achieved using various techniques, such as gene cloning and
recombinant DNA technology.
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2. Gene Deletion:
« Involves the removal of specific genes from an organism's genome.

e Techniques like CRISPR-Cas9 have revolutionized gene editing, allowing precise
removal of targeted genes.

3. Gene Modification:

e Encompasses altering the sequence of genes to change their function or
expression.

« This modification can result in improved traits, such as increased resistance to
diseases or enhanced nutritional content.

4. Transgenic Organisms:
« Organisms that have had genes from another species inserted into their genome.

o Common examples include genetically modified crops with desirable traits like
pest resistance or improved yield.

5. Applications in Medicine:

o Genetic engineering is used in producing pharmaceuticals, including human
insulin and vaccines.

« It plays a crucial role in gene therapy, aiming to treat or prevent genetic disorders
by correcting or replacing faulty genes.

6. Ethical Considerations:

o The field raises ethical concerns regarding the potential misuse of genetic
manipulation.

o There are ongoing debates about the ethical implications of creating genetically
modified organisms and the potential long-term consequences.

Genetic engineering holds immense promise in revolutionizing agriculture, medicine, and
various industries. However, ethical considerations and regulatory frameworks are crucial to
ensuring responsible and sustainable applications of this powerful technology.
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Molecular Tools and Biotechnological Analysis Techniques:

Molecular tools and biotechnological analysis techniques are essential components of

biotechnology that enable the study, manipulation, and understanding of biological molecules at
the molecular level. These tools play a crucial role in various scientific disciplines, offering

insights into the structure and function of genetic material, proteins, and other cellular
components. Key aspects include:

1. DNA Sequencing:

e The process of determining the precise sequence of nucleotides in a DNA
molecule.

« Allows scientists to understand the genetic code, identify genes, and study
variations in DNA sequences.

2. Polymerase Chain Reaction (PCR):

e Atechnique used to amplify a specific DNA segment, producing multiple copies

for analysis.
o Widely employed in DNA cloning, genetic testing, and forensic analysis.

3. Gel Electrophoresis:

e A method for separating and analyzing DNA, RNA, or proteins based on their

size and charge.
« Useful for visualizing and quantifying nucleic acids and proteins.
4. Southern Blotting:

o Atechnique for detecting specific DNA sequences in a complex mixture.

o Involves transferring DNA fragments to a membrane, followed by hybridization

with labeled probes.
5. Western Blotting:

e Used to detect and analyze proteins.

e Involves transferring proteins to a membrane and using specific antibodies to

identify target proteins.
6. Fluorescence In Situ Hybridization (FISH):

e A method for detecting and locating specific DNA sequences within cells or

tissues.
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o Uses fluorescent probes to bind to complementary DNA sequences.
7. Real-Time PCR:

e A quantitative PCR method that allows the monitoring of DNA amplification in
real-time.

o Used for gene expression analysis, viral load determination, and quantitative
genetic studies.

8. Microarray Technology:
« Involves the simultaneous analysis of the expression levels of thousands of genes.
o Useful for studying gene expression patterns in different biological conditions.

9. Next-Generation Sequencing (NGS):

« High-throughput DNA sequencing technologies that enable rapid and cost-
effective sequencing of entire genomes.

« Revolutionized genomics and personalized medicine.

Molecular tools and biotechnological analysis techniques empower researchers to explore the
intricacies of genetic information, unravel cellular processes, and advance our understanding of
living organisms. These techniques have widespread applications in medicine, genetics,
forensics, and various fields of biological research.

Biological Medicine and Biopharmaceuticals:

Biological medicine and biopharmaceuticals represent a significant sector within biotechnology,
focusing on the development and production of therapeutic agents derived from living
organisms. Unlike traditional chemical-based drugs, biopharmaceuticals are often large, complex
molecules, typically proteins or nucleic acids, and are produced using advanced biotechnological
techniques. Key aspects of biological medicine and biopharmaceuticals include:

1. Monoclonal Antibodies:

e Monoclonal antibodies (mAbs) are laboratory-created molecules that mimic the
immune system’s ability to fight off harmful pathogens.

e Used in the treatment of various diseases, including cancer, autoimmune
disorders, and infectious diseases.
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2. Recombinant Proteins:

« Proteins, such as hormones and enzymes, produced through genetic engineering
techniques.

o Examples include insulin for diabetes treatment and growth hormones.
3. Vaccines:

« Biological preparations that stimulate the immune system to produce an immune
response, providing immunity against specific diseases.

e Modern vaccines often utilize recombinant DNA technology to produce safer and
more effective vaccines.

4. Gene Therapies:

« Involves the introduction, removal, or editing of genes within a patient's cells to
treat or prevent diseases.

« Holds promise for treating genetic disorders and certain types of cancers.

5. Cell Therapies:
e Involves the transplantation or manipulation of living cells to treat diseases.
« Includes therapies using stem cells for regenerative medicine.

6. Biological Drug Development:

e The process of discovering, developing, and testing new biopharmaceutical
products.

o Emphasizes the use of living systems and molecular biology techniques in drug
design.

7. Protein Engineering:

o Techniques to modify or design proteins for specific therapeutic purposes.

« Used to enhance the effectiveness, stability, and targeting of therapeutic proteins.
8. Biological Biosimilar:

e Generic versions of biopharmaceuticals that are highly similar to the original
product.

e Provide cost-effective alternatives while maintaining therapeutic efficacy.
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9. Biological Manufacturing:

« Involves the large-scale production of biopharmaceuticals using bioreactors and
cell culture systems.

e Requires stringent quality control due to the complexity of biological molecules.

Biological medicine and biopharmaceuticals have revolutionized healthcare by offering
innovative treatments with high specificity and effectiveness. As the field continues to advance,
it holds the potential to address previously untreatable diseases and improve patient outcomes.

Biological Agriculture:

Biological agriculture, also known as organic or sustainable agriculture, is an approach to
farming that emphasizes the use of biological processes and natural ecosystems to enhance and
sustain crop production. This method avoids or minimizes the use of synthetic chemicals and
focuses on promoting soil health, biodiversity, and ecological balance. Key principles and
practices of biological agriculture include:

1. Soil Health:
« Prioritizes maintaining and improving soil fertility through natural means.

e Practices such as cover cropping, crop rotation, and composting are employed to
enhance soil structure and nutrient content.

2. Bio fertilizers and Organic Amendments:

o Utilizes natural fertilizers derived from plant or animal sources, such as compost
and manure.

« Incorporates bio fertilizers containing beneficial microorganisms to promote
nutrient cycling and improve plant growth.

3. Crop Diversity and Rotation:

« Encourages the planting of diverse crops to enhance ecosystem resilience and
reduce the risk of pests and diseases.

« Crop rotation is employed to break pest cycles and maintain soil health.

4. Biological Pest Control:

o Emphasizes the use of natural predators, parasites, and beneficial microorganisms
to manage pests.

« Avoids or minimizes the use of synthetic pesticides to preserve ecological
balance.
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5. Non-GMO (Genetically Modified Organism) Practices:

« Typically avoids the use of genetically modified crops and focuses on traditional
and heirloom varieties.

e Promotes seed saving and breeding practices to maintain crop diversity.
6. Water Conservation:

« Implements water-efficient irrigation methods and practices to conserve water
resources.

e Focuses on improving soil water retention through organic matter.
7. Agroforestry and Polyculture:

o Integrates trees and shrubs into agricultural landscapes to enhance biodiversity
and provide additional ecosystem services.

« Embraces polyculture, the simultaneous cultivation of multiple crops in the same
area, to mimic natural ecosystems.

8. Organic Certification:
o Adheres to organic farming standards and regulations.

« Farms may seek organic certification to demonstrate compliance with organic
practices.

9. Sustainable Practices:

« Strives for long-term sustainability by minimizing environmental impact and
conserving natural resources.

e Aims to create a resilient and self-sustaining agricultural system.

Biological agriculture is seen as a holistic and environmentally friendly approach that promotes
the well-being of ecosystems, soil, and farmers. It aligns with the principles of sustainability and
seeks to provide a more resilient and ecologically balanced agricultural system.

Medical Research and Advanced Therapies:

Medical research and advanced therapies represent a dynamic and innovative field within
biotechnology, focused on exploring novel ways to understand, diagnose, and treat diseases. This
domain integrates cutting-edge technologies and scientific advancements to develop
breakthrough therapies and improve healthcare outcomes. Key aspects of medical research and
advanced therapies include:
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Genomic Medicine:

« Involves studying the complete set of genes within an organism (genome) to
understand genetic contributions to diseases.

o Enables personalized medicine tailored to an individual's genetic makeup.
Precision Medicine:

o Customizes medical treatment based on individual patient characteristics,
including genetics, environment, and lifestyle.

e Aims to maximize treatment efficacy while minimizing side effects.
Stem Cell Research:

« Explores the potential of stem cells to differentiate into various cell types for
tissue repair and regeneration.

o Holds promise for treating degenerative diseases and injuries.
Gene Therapy:
« Involves the introduction, removal, or editing of genes to treat or prevent diseases.
o Targets genetic disorders by correcting or replacing faulty genes.
Immunotherapy:
« Boosts the body's immune system to fight diseases, particularly cancer.

o Includes therapies such as checkpoint inhibitors, CAR-T cell therapy, and
therapeutic vaccines.

Biomedical Imaging:

o Utilizes advanced imaging technologies, such as MRI, CT scans, and molecular
imaging, to visualize internal structures and functions of the body.

e Aids in disease diagnosis and treatment monitoring.
Drug Discovery and Development:

e Applies high-throughput screening, computational modeling, and other techniques
to identify potential drug candidates.

e Accelerates the development of new pharmaceuticals.
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8. Bio banking:

« Involves the collection and storage of biological samples, such as tissues and
genetic material, for research purposes.

e Supports large-scale studies and facilitates personalized medicine.
9. Neuroscience and Brain Research:

o Investigates the structure and function of the brain to understand neurological
disorders.

« Advances in neuroimaging and neurogenesis contribute to breakthroughs in
treatments.

10. Regenerative Medicine:
o Focuses on repairing or replacing damaged tissues and organs.

« Combines stem cell therapy, tissue engineering, and biomaterials for therapeutic
purposes.

11. Clinical Trials and Translational Research:

« Conducts trials to evaluate the safety and efficacy of new treatments in human
subjects.

« Translational research aims to bridge the gap between scientific discoveries and
practical applications in healthcare.

Medical research and advanced therapies play a pivotal role in shaping the future of healthcare,
offering hope for more effective treatments, personalized interventions, and improved patient

outcomes.

Bioinformatics:

Bioinformatics is an interdisciplinary field that combines biology, computer science, and
information technology to analyze and interpret biological data. It involves the application of
computational techniques and statistical methods to gather, process, and extract meaningful
insights from large datasets in biological research. Key components and applications of
bioinformatics include:

1. Genomic Sequence Analysis:

o Analyzes DNA and RNA sequences to identify genes, regulatory elements, and
variations.

o Enables the comparison of genomes across different species.
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2. Proteomics and Structural Biology:

o Studies the structure and function of proteins, including predicting protein
structures and analyzing protein-protein interactions.

« Contributes to understanding cellular processes and drug discovery.
Functional Genomics:

« Investigates the functions of genes and non-coding regions in the genome.

« Includes techniques such as gene expression profiling and functional annotation.
Comparative Genomics:

o Compares genetic sequences between different species to identify evolutionary
relationships and conserved elements.

e Aids in understanding the genetic basis of traits and diseases.
Metagenomics:

o Analyzes genetic material directly from environmental samples, such as soil or
the human microbiome.

o Provides insights into microbial communities and biodiversity.
Systems Biology:

« Studies biological systems as integrated networks of genes, proteins, and
metabolites.

« Uses mathematical models to understand complex biological processes.
Biological Data Mining:

o Extracts patterns, trends, and knowledge from large biological datasets.

« ldentifies associations and correlations to make biological predictions.
Pharmacogenomics:

o Examines the influence of genetic variation on drug response.

« Customizes drug treatments based on individual genetic profiles.
Clinical Bioinformatics:

o Applies bioinformatics tools to analyze clinical and patient data for personalized
medicine.
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e Supports disease diagnosis, prognosis, and treatment decisions.

10. Next-Generation Sequencing (NGS) Analysis:

o Handles and interprets large-scale sequencing data generated by NGS
technologies.

o Essential for genomics and transcriptomic research.

11. Bioinformatics Databases and Tools:
e Manages and curate’s biological data in databases.
o Provides software tools for data analysis, visualization, and interpretation.

Bioinformatics plays a crucial role in advancing biological research, enabling scientists to
analyze complex biological systems, decipher the genetic basis of diseases, and accelerate drug
discovery. The integration of computational and biological approaches continues to drive
discoveries in genomics, proteomics, and other fields.

Genetically modified foods: between benefits and harms
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Outcomes

The outcomes of information and biotechnology management in agriculture are transformative,
influencing various aspects of the agricultural sector. The integration of these technologies leads
to improved efficiency, sustainability, and productivity. Here are key outcomes:

1. Precision Agriculture:

« Increased Efficiency: Precision agriculture utilizes data from information
management systems, such as satellite imagery and sensors, to optimize resource
use. This results in precise application of water, fertilizers, and pesticides,
reducing waste and increasing efficiency.

Enhanced Crop Varieties:

« Improved Yields: Biotechnology contributes to the development of genetically
modified crops with desirable traits. These enhanced varieties often exhibit
increased resistance to pests and diseases, resulting in improved yields and crop
quality.

Soil Health Management:

« Sustainable Practices: Biotechnological solutions, including microbial inoculants
and bio fertilizers, enhance soil health. This promotes sustainable agricultural
practices by improving nutrient cycling, soil structure, and reducing the reliance
on chemical inputs.

Genomic Tools for Crop Improvement:

e Accelerated Breeding Programs: Genomic technologies aid in identifying key
genes related to desirable traits. This accelerates traditional breeding programs,
leading to the development of crops with improved yield, nutritional content, and
resilience to environmental stress.

Disease and Pest Management:

¢ Resilience and Control: Information management systems provide real-time data
on crop health. Biotechnology contributes to the development of pest-resistant
crops, reducing the reliance on chemical pesticides and minimizing crop losses.

Resource Optimization:

o Water and Energy Efficiency: Information management enables precise
monitoring of water usage, while biotechnology contributes to the development of

52



INTERNATIONAL JOURNAL OF
HEALTH FAMILY STUDIES, FOOD SCIENCE AND NUTRITION

ONLINE-ISSN: VOLUME 4, I1sSUE 1, 2023, 37 —55. PRINT-ISSN:
2735-5381 2735-5373

drought-resistant crops. Collectively, these technologies enhance water and
energy efficiency in agriculture.

7. Supply Chain Optimization:

o Traceability and Quality Control: Information management systems facilitate
traceability throughout the supply chain. Biotechnological advancements
contribute to maintaining the quality and safety of agricultural products, ensuring
compliance with standards.

8. Climate Resilience:

o Adaptation Strategies: Information management aids in monitoring climate
patterns and predicting extreme weather events. Biotechnology supports the
development of crops resilient to changing climatic conditions, ensuring food
security in the face of climate change.

9. Data-Driven Decision-Making:

e Informed Choices: Information management systems provide farmers and
stakeholders with real-time data for decision-making. This leads to more informed
choices regarding crop management, resource allocation, and risk mitigation.

10. Economic Impact:

o Increased Profitability: By optimizing resource use, improving yields, and
reducing losses, the integration of information and biotechnology contributes to
increased profitability for farmers and stakeholders in the agricultural value chain.

11. Sustainable Agriculture Practices:

o Environmental Stewardship: The combined use of information and biotechnology
fosters sustainable agricultural practices. Reduced reliance on chemical inputs and
optimized resource utilization contribute to environmental stewardship and
biodiversity conservation.
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conclusion

In conclusion, the integration of Information and Biotechnology Management in agriculture has
ushered in a new era of efficiency, sustainability, and productivity. The marriage of information
systems and biotechnological innovations has transformed traditional farming practices, offering
solutions to challenges ranging from resource optimization to climate resilience. Precision
agriculture, guided by real-time data from information management systems, allows for targeted
and efficient use of resources, resulting in increased yields and reduced environmental impact.

Biotechnology's contributions are evident in the development of genetically modified crops with
enhanced traits, bolstering resilience against pests, diseases, and adverse environmental
conditions. The emphasis on soil health management and reduced reliance on chemical inputs
demonstrates a commitment to sustainable agricultural practices.

Moreover, the integration of information and biotechnology has implications for economic
viability, empowering farmers with data-driven insights that enhance decision-making and
increase profitability. The traceability and quality control facilitated by information systems
contribute to a more transparent and reliable agricultural supply chain.

As the agricultural sector faces the challenges of a growing global population and changing
climate, the outcomes of information and biotechnology management provide a pathway toward a
more resilient and sustainable future. The continuous advancements in these fields hold promise
for addressing food security concerns, fostering environmental stewardship, and ensuring the
prosperity of the agricultural industry in the years to come.

Information management and biotechnology in agriculture emerge as significant opportunities to
boost productivity and enhance environmental sustainability. Despite their challenges,
collaboration among the agricultural sector, scientific community, and governments is essential to
develop effective policies and sustainable technologies that contribute to achieving agricultural,
economic, and environmental goals.
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