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Abstract

Horticultural science is undergoing a profound transformation driven by the convergence of traditional
knowledge, modern biotechnology, and digital innovation. Increasing demands for food security, environmental
sustainability, and resilience to climate change have accelerated the adoption of advanced technologies, including
genomics, multi-omics, artificial intelligence, Internet of Things (10T) sensors, remote sensing, robotics, and data-
driven decision support systems. The integration of these technologies in horticultural science is being transformed
by a deep convergence of traditional knowledge, modern biotechnology, and digital innovation. This paper reviews
the emerging frontiers in horticulture research, covering the development of production systems from
biotechnology to precision agriculture. This review highlights the development of biotechnology and its integration
with precision agriculture to develop resilient, resource-efficient, and locally adapted horticultural systems. By
synthesizing recent developments across conventional and cutting-edge horticultural sciences, this review provides
a comprehensive perspective on future pathways toward sustainable, climate-smart, and precision-driven
horticultural production that balances technological innovation with ecological and cultural sustainability.
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1. Introduction

Horticulture plays a major role in worldwide food sourcing by providing vegetables, fruits, medicinal
crops, ornamental plants, spices, and plantation commaodities that contribute to human food consumption,
health, livelihoods, and economic growth. Horticultural crops also provide vitamins, minerals,
antioxidants, and phytochemicals that aid in food security(Sia et al., 2023). As the increasing global
population and climate challenges become more severe, the horticultural industry faces a considerable
burden to improve sustainable and resilient productivity(Khan et al., 2020).

The biological sciences have changed horticulture from a practice-based profession to a science-
based, technology-intensive discipline. Modern horticulture research uses molecular biology, genomics,
biotechnology, and digital agriculture to improve crop quality, production, and resilience. Technologies,
including tissue culture, marker-assisted breeding, genome sequencing, and genome editing, have
enabled the assembly of improved cultivars with greater resilience to biotic and abiotic stressors,
enhanced nutritional quality, and extended shelf life(Jiang et al., 2022).

High-throughput omics technologies, such as genomics, transcriptomics, proteomics, and metabolomics,
have revolutionized our understanding of complex horticultural biological processes. The combination of
these technologies allows researchers to uncover genes, regulatory networks, and metabolic processes
underlying essential agronomic features, aiding precision breeding tactics and focused crop development.
Digital advancements, such as remote sensing, artificial intelligence, unmanned aerial vehicles, and
Internet of Things (loT)-based monitoring systems, have strengthened the development of precision
agriculture, enabling site-specific management and efficient resource use(Darshna & Tiwari,
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2023).Despite the impressive improvements, there is rising awareness that sustainable horticulture
development cannot be based solely on modern inventions. Indigenous knowledge systems offer
distinctive perspectives on biodiversity protection, ecosystem management, and climate adaptation that
remain relevant in contemporary agriculture. Integrating traditional knowledge with new technologies is
essential for building scientifically sophisticated, environmentally sustainable, and resilient horticulture
systems(Bashir et al., 2023).

This chapter explores the evolution of horticultural science from biotechnology to precision agriculture,
emphasizing the significance of current biological breakthroughs, especially focus on biotechnology,
multi-omics technologies, digital agriculture, and climate-smart production systems, and possibilities are
explored to combine them to overcome future challenges in global horticulture.

2. Biotechnology and molecular innovations in horticulture

Traditional breeding methods have greatly aided the production of outstanding horticultural cultivars.
However, long breeding cycles and complex inheritance and environmental effects on trait expression
often limit these techniques. Advances in biotechnology and molecular techniques have overcome many
of these limits by allowing more precise and economical manipulation of plant genetic
resources(Pathirana &Carimi, 2024).Plant tissue culture is one of the oldest and most widely used
biotechnological methods in horticulture. This approach involves in vitro culture of plant cells, tissues, or
organs under controlled environmental conditions to regenerate complete plants. Tissue culture is
currently an important method for the rapid propagation of elite cultivars, the production of disease-free
planting materials, and the propagation of species with low seed viability or poor vegetative
reproduction. It can also be used to store and preserve valuable genetic resources in vitro and through
cryopreservation (Khezri et al., 2024).

In horticulture, molecular breeding technologies have improved crop performance through DNA-
level identification and selection of desirable traits by breeders. Molecular assisted selection (MAS) is the
application of genetic markers related to genes or QTLs for important agronomic attributes such as fruit
quality, disease resistance, yield, and tolerance to abiotic stress(Samantara et al., 2022).The emergence of
next-generation sequencing tools has transformed horticulture genomics, enabling the assembly of whole
genomes and the identification of candidate genes underlying key biological processes. Functional
genomics methods, such as transcriptome analysis and gene expression profiling, have enhanced our
understanding of the molecular pathways involved in fruit development, ripening, color, smell creation,
and stress responses(Wang et al., 2023).

Among the most promising breakthroughs in modern agriculture are tools for modifying genomes, such
as the CRISPR-Cas system, which is a promising approach for crop improvement as it enables targeted
modifications of specific genes without the integration of large segments of foreign DNA. Applications
in horticultural crops include development of di-resistant tomatoes and non-browning mushrooms,
increased fruit quality, and improved tolerance to drought, salinity, and temperature stress(Ali et al.,
2023).

3. Multi-Omics Technologies for Horticultural Crop Improvement

The development of high-throughput sequencing and analytical technologies has revolutionized
biological research by allowing detailed characterization of complex biological systems at numerous
molecular levels. Such advances have resulted in the application of multi-omics technologies in
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horticultural science. Multi-omics technologies are the integration of genomics, transcriptomics,
proteomics, metabolomics, and other omics disciplines to obtain a holistic understanding of plant growth,
development, and responses to environmental conditions. Combining these databases provides unique
prospects for accelerating crop improvement and enabling precision breeding in horticultural
species(Satam et al., 2023).

Genomics is the foundation of modern omics research, offering information about an organism’s
entire genetic composition. Advances in sequencing technologies, coupled with falling costs, have paved
the way for the construction of high-quality reference genomes for a variety of horticultural crops, such
as tomato, grape, citrus, apple, and banana(Darshna & Tiwari, 2023).Genomics can reveal the genetic
potential of an organism, while transcriptomics examines gene activity and patterns of gene expression
under different developmental stages or environmental variables. Transcriptome analysis has been widely
utilized to examine the molecular pathways involved in fruit ripening, flowering regulation, pigment
biosynthesis, and stress responses(Yang et al., 2021).

Proteomics is a supplement to transcriptome analysis, looking at the proteins that are actually made and
active in the cell. Proteins directly govern physiological and biochemical processes. Proteomic
investigations provide vital information about cellular responses that gene expression data may obscure.
In horticultural crops, proteomics has been applied to study mechanisms of disease resistance, fruit
ripening, postharvest physiology, and adaptability to environmental challenges such as drought, salt, and
severe temperature. Metabolomics, the study of the entire collection of metabolites generated by an
organism, is another major element of multi-omics research(Heinemann et al., 2020).

Metabolomics has gained significant relevance in horticulture research because metabolites directly
influence crop quality attributes. Studies have characterized the metabolic pathways responsible for
flavor, fragrance, pigmentation, antioxidant content, and medicinal characteristics of fruits. This strategy
is especially useful for the enhanced production of high-value horticultural commodities and functional
foods rich in bioactive substances such as anthocyanins, carotenoids, flavonoids, and vitamins(Abbas et
al., 2023).

Multi-omics research in horticulture has the potential to be transformative but is hampered by high
prices, vast data volumes, computational complexity, and the requirement for transdisciplinary
competence in molecular biology, bioinformatics, and statistics. However, ongoing improvements in
sequencing technology, computational techniques, and data integration methodologies are likely to render
multi-omics more viable and adaptable to a broader array of horticultural crops. The adoption of multi-
omics technologies coupled with biotechnology and precision agriculture will likely define the next
frontier in horticultural crop enhancement and sustainable production systems(Jiang et al., 2022).

4. Precision Agriculture in Horticultural Systems

The increasing application of precision agriculture in horticulture production systems is driven by the
need for high-quality horticultural products and concerns regarding resource depletion and ecological
sustainability(Zude-Sasse et al., 2021).The basic principle of precision horticulture is site-specific
management based on reliable real-time information. The precision technique differs from the usual
management systems, which use homogeneous inputs over wide production areas. Precision techniques
acknowledge that fields are not uniform in soil features, nutrient availability, moisture condition, pest
pressure, and crop performance. The data acquired and processed in depth from the field can ensure that
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water, fertilizers, and crop protection chemicals are applied according to the genuine demands of the
plant, improving efficiency and reducing waste for growers(Getahun et al., 2024).

Digital technologies have driven advances in precision agriculture. The loT devices feature
sensors that could monitor the parameters of the environment, such as temperature, humidity, soil
moisture, light intensity, nutrient level, and nutrient concentrations. This data is transferred to the cloud
platforms for analysis to support management decisions and to automate production operations. 10T-
based monitoring systems provide precise management of irrigation, ventilation, lighting, and fertigation
in the greenhouse environment, leading to higher yield and even better product quality (Karunathilake et
al., 2023).

In the field of precision horticulture, Al and machine learning algorithms have enabled predictive and
adaptive management tactics, leading to significant progress. Al systems analyze vast quantities of data
from sensors, weather forecasts, and prior production records to identify trends and predict future
conditions. It can be used to predict yields, arrange irrigation plans, forecast disease outbreaks, and
determine the optimum time to harvest. Machine learning models are utilized to identify nutrient
deficiencies, categorize plant diseases, and evaluate fruit ripeness with a high level of accuracy,
facilitating prompt and informed decisions(Taha et al., 2025).

Remote-sensing technologies are another important component of precision horticulture. Satellite photos,
multispectral cameras, and UAVs can swiftly and non-destructively evaluate crop performance across
vast production regions. Vegetation indices derived from remote sensing data can be used to monitor
plant health, detect stress symptoms, assess canopy development, and anticipate yield potential. Early
detection of disease outbreaks or water stress allows farmers to take corrective action before major output
losses occur(Zheng et al., 2021).

Automation and robotics are also changing agriculture's labor-intensive activities. The rapid development
of robotic harvesters, driverless vehicles, and precise spraying systems is due to workforce shortages and
operational efficiency. Computer vision robots can recognize the fruit, find out if it is ripe, and only
harvest the ripe fruit with minimum damage to the crop. This enables the use of precision spraying
technology to target afflicted plants or areas, therefore minimizing the amount of pesticide used and
environmental damage(Poenaru et al., 2025).

5. Climate-Smart and Sustainable Horticulture

Horticultural production systems are highly sensitive to climate conditions and are thus particularly
vulnerable to the impacts of climate change. Globally, increasing temperatures, erratic rainfall, prolonged
droughts, flooding, salt intrusion, and the emergence of new pests and diseases are increasingly
endangering the productivity and stability of horticultural crops globally. Many fruits, vegetables, and
ornamental plants require specific climate conditions for optimal development, and even slight
environmental changes can have a significant impact on vyield, quality, and post-harvest performance.
Hence, the creation of climate-aware and sustainable horticulture systems has been one of the key
concerns of researchers, policymakers, and producers(Wakweya, 2023).

Climate-smart horticulture involves boosting farm output and resilience to a fluctuating climate while
reducing greenhouse gas emissions where possible. One of the most successful tactics is developing and
using stress-tolerant cultivars that maintain high yields under adverse environmental conditions. Plant
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breeding, biotechnology, and molecular genetics have helped identify genes associated with drought
tolerance, heat resistance, salt adaptation, and flood resilience. The rising environmental instability in
many horticultural production areas increases the importance of integrating these traits into commercial
cultivars(Kabato et al., 2025).

Protected agricultural technologies are also a significant component of climate adaptation strategies.
Controlled environments like greenhouses, shade nets, low tunnels, and rain shelters help to protect crops
from adverse weather conditions and to enhance the efficiency of resource utilization. This technology
allows gardeners to adjust temperature, humidity, light intensity, and water availability, which results in
longer growing seasons and better-quality crops. In modern horticulture, automated temperature control
systems and sensor technology improve the efficiency of protected agriculture(Wakweya, 2023)..
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Figure 1. Integrated horticultural innovation framework showing interactions among indigenous
knowledge systems, biotechnology, and digital agriculture. The framework emphasizes participatory
collaboration among farmers, researchers, policymakers, extension services, and the private sector to
enhance crop productivity, climate resilience, biodiversity conservation, resource-use efficiency, and
long-term sustainability in horticultural production systems.

Good water management plays a crucial role in climate-smart horticulture, especially in regions where
water shortages are becoming more frequent. Precision irrigation technologies, such as drip irrigation,
subsurface irrigation, and sensor-based irrigation scheduling, improve water-use efficiency by providing
water directly to the root zone per crop requirements. Practices such as mulching, rainwater capture, and
moisture can help reduce vulnerability to drought situations and hence support sustainable water
management(Frimpong et al., 2023).
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Sustainable nutrient management is important for reducing environmental consequences and to preserve
long-term soil production. Excessive fertilizer use can lead to leaching of nutrients, soil degradation, and
greenhouse gases. Integrated nutrient management methods, including organic amendments, compost,
biofertilizers, and precision fertilization techniques, promote nutrient cycling and soil health and reduce
the reliance on synthetic inputs. Integrated pest management solutions can include biological control,
habitat management, and monitoring systems to reduce pesticide use and conserve beneficial
organisms(Selim, 2020)

The push towards sustainability has led to a greater focus on circular and regenerative horticulture.
Circular systems aim to reduce waste by reusing organic residues, recovering nutrients, and improving
resource use efficiency throughout the production chain. Regenerative strategies such as cover cropping,
reduced tillage, integrating agroforestry, and enhancing biodiversity help to sequester carbon in soils and
reconstruct ecosystems. The solutions will improve environmental sustainability and enhance the
resilience of production systems to climate changes(McLennon et al., 2021).

Although much may be achieved, climate-smart horticulture adoption remains hindered by limited
financial resources, low technical capacity, and unequal access to technology and infoConcerted activity
IS needed among scholars, governments, extension services, and corporate partners to overcome these
obstacles. partners. The use of breakthrough technology alongside sustainable management techniques
will be critical for ensuring horticulture systems globally are able to continue to produce, remain resilient,
and environmentally sustainable despite mounting climatic challenges.

6. Conclusion

World agriculture and horticulture is under pressure from population expansion, resource restrictions, and
climate change and needs to strike a balance between innovation and heritage. Interdisciplinary
collaboration, enabling legislation, and inclusive approaches to technology uptake will be key to
establishing sustainable horticultural systems. Horticulture has a potential role in future sustainable
development and resilient food systems, drawing on today’s biological sciences, as well as the centuries
of local knowledge handed down through generations.

References

Abbas, F., Zhou, Y., O’Neill Rothenberg, D., Alam, 1., Ke, Y., & Wang, H.-C. (2023). Aroma Components in
Horticultural Crops: Chemical Diversity and Usage of Metabolic Engineering for Industrial Applications. Plants,
12(9), 1748. https://doi.org/10.3390/plants12091748.

Ali, A., Zafar, M. M., Farooqg, Z., Ahmed, S. R, ljaz, A., Anwar, Z., Abbas, H., Tarig, M. S., Tariq, H., Mustafa,
M., Bajwa, M. H., Shaukat, F., Razzaq, A., &Maozhi, R. (2023). Breakthrough in CRISPR/Cas system: Current
and future directions and challenges. Biotechnology Journal, 18(8). https://doi.org/10.1002/biot.202200642.
Bashir, T., Ul Haq, S. A., Masoom, S., Ibdah, M., & Husaini, A. M. (2023). Quality trait improvement in
horticultural crops: OMICS and modern biotechnological approaches. Molecular Biology Reports, 50(10), 8729-
8742. https://doi.org/10.1007/s11033-023-08728-3

Darshna, D., & Tiwari, S. S. (2023). Basic of Omics and Its Applications. In Industrial Microbiology and
Biotechnology (pp. 1-22). Springer Nature Singapore. https://doi.org/10.1007/978-981-99-2816-3 1.

Frimpong, F., Asante, M. D., Peprah, C. O., Amankwaa-Yeboah, P., Danquah, E. O., Ribeiro, P. F., Aidoo, A. K.,
Agyeman, K., Asante, M. O. O., Keteku, A., & Botey, H. M. (2023). Water-smart farming: review of strategies,
technologies, and practices for sustainable agricultural water management in a changing climate in West Africa.
Frontiers in Sustainable Food Systems, 7. https://doi.org/10.3389/fsufs.2023.1110179.

Published on 16/08/2026. Edited by: Dr. Sisir Kumar Rajbongshi | Dr. Kshirod Sarmah | Dr. Rajdeep Ghosh | Dharmeswar Tarang
Department of Computer Science, Pandit Deendayal Upadhyaya Adarsha Mahavidyalaya, Amjonga, Goalpara, Assam-783124, India


https://doi.org/10.3390/plants12091748
https://doi.org/10.1002/biot.202200642
https://doi.org/10.1007/978-981-99-2816-3_1
https://doi.org/10.3389/fsufs.2023.1110179

Advances in Multidisciplinary Research and Innovation page no: 382
Published in August 2026 by Deep Science Publishing (USA | UK | India | Turkey)
ISBN: 978-93-7185-118-3 | E-1SBN: 978-93-7185-110-7 | DOI: https://doi.org/10.70593/978-93-7185-110-7

® DeepScience

[6]. Getahun, S., Kefale, H., &Gelaye, Y. (2024). Application of Precision Agriculture Technologies for Sustainable
Crop Production and Environmental Sustainability: A Systematic Review. The Scientific World Journal, 2024(1).
https://doi.org/10.1155/2024/2126734.

[7]. Heinemann, B., Kiinzler, P., Eubel, H., Braun, H.-P., & Hildebrandt, T. M. (2020). Estimating the number of
protein molecules in a plant cell: protein and amino acid homeostasis during drought. Plant Physiology.
https://doi.org/10.1093/plphys/kiaa050.

[8]. Jiang, X., Zhang, W., Fernie, A. R., & Wen, W. (2022). Combining novel technologies with interdisciplinary basic
research to enhance horticultural crops. The Plant Journal, 109(1), 35-46. https://doi.org/10.1111/tpj.15553.

[9]. Kabato, W., Getnet, G. T., Sinore, T., Nemeth, A., & Molnér, Z. (2025). Towards Climate-Smart Agriculture:
Strategies for Sustainable Agricultural Production, Food Security, and Greenhouse Gas Reduction. Agronomy,
15(3), 565. https://doi.org/10.3390/agronomy15030565.

[10].Karunathilake, E. M. B. M., Le, A. T., Heo, S., Chung, Y. S., & Mansoor, S. (2023). The Path to Smart Farming:
Innovations and Opportunities in Precision Agriculture. Agriculture, 13(8), 1593.
https://doi.org/10.3390/agriculture13081593.

[11].Khan, M. M., Akram, M. T., Janke, R., Qadri, R. W. K., Al-Sadi, A. M., & Farooque, A. A. (2020). Urban
Horticulture for Food Secure Cities through and beyond COVID-19. Sustainability, 12(22), 9592.
https://doi.org/10.3390/su12229592.

[12].Khezri, M., Asghari-Zakaria, R., & Zare, N. (2024). Plant Cell and Tissue Culture: Propagation, Improvement, and
Conservation of Medicinal Plants. In Biosynthesis of Natural Products in Plants (pp. 267—-291). Springer Nature
Singapore. https://doi.org/10.1007/978-981-97-2166-5_11.

[13].McLennon, E., Dari, B., Jha, G., Sihi, D., &Kankarla, V. (2021). Regenerative agriculture and integrative
permaculture for sustainable and technology driven global food production and security. Agronomy Journal,
113(6), 4541-4559. https://doi.org/10.1002/agj2.20814.

[14].Pathirana, R., &Carimi, F. (2024). Plant Biotechnology—An Indispensable Tool for Crop Improvement. Plants,
13(8), 1133. https://doi.org/10.3390/plants13081133.

[15].Poenaru, M. M., Manta, L. F., Ghertescu, C., & Manta, A. G. (2025). Shaping the Future of Horticulture:
Innovative Technologies, Artificial Intelligence, and Robotic Automation Through a Bibliometric Lens.
Horticulturae, 11(5), 449. https://doi.org/10.3390/horticulturae11050449.

[16].Samantara, K., Bohra, A., Mohapatra, S. R., Prihatini, R., Asibe, F., Singh, L., Reyes, V. P., Tiwari, A., Maurya,
A. K., Croser, J. S., Wani, S. H,, Siddique, K. H. M., & Varshney, R. K. (2022). Breeding More Crops in Less
Time: A Perspective on Speed Breeding. Biology, 11(2), 1-14. https://doi.org/10.3390/biology11020275.

[17].Satam, H., Joshi, K., Mangrolia, U., Waghoo, S., Zaidi, G., Rawool, S., Thakare, R. P., Banday, S., Mishra, A. K.,
Das, G., & Malonia, S. K. (2023). Next-Generation Sequencing Technology: Current Trends and Advancements.
Biology, 12(7), 997. https://doi.org/10.3390/biology12070997.

[18].Selim, M. M. (2020). Introduction to the Integrated Nutrient Management Strategies and Their Contribution to
Yield and Soil Properties. International Journal of Agronomy, 2020, 1-14. https://doi.org/10.1155/2020/2821678.

[19].Sia, A., Tan, P. Y., & Er, K. B. H. (2023). The contributions of urban horticulture to cities’ liveability and
resilience: Insights from Singapore. PLANTS, PEOPLE, PLANET, 5(6), 828-841.
https://doi.org/10.1002/ppp3.10377.

[20]. Taha, M. F., Mao, H., Zhang, Z., Elmasry, G., Awad, M. A., Abdalla, A., Mousa, S., Elwakeel, A. E., &
Elsherbiny, O. (2025). Emerging Technologies for Precision Crop Management Towards Agriculture 5.0: A
Comprehensive Overview. Agriculture, 15(6), 582. https://doi.org/10.3390/agriculture15060582.

[21].Wakweya, R. B. (2023). Challenges and prospects of adopting climate-smart agricultural practices and
technologies: Implications for food security. Journal of Agriculture and Food Research, 14, 100698.
https://doi.org/10.1016/j.jafr.2023.100698.

[22].Wang, R., Li, X., Sun, M., Xue, C., Korban, S. S., & Wu, J. (2023). Genomic insights into domestication and
genetic improvement of fruit crops. Plant Physiology, 192(4), 2604-2627. https://doi.org/10.1093/plphys/kiad273.

Published on 16/08/2026. Edited by: Dr. Sisir Kumar Rajbongshi | Dr. Kshirod Sarmah | Dr. Rajdeep Ghosh | Dharmeswar Tarang
Department of Computer Science, Pandit Deendayal Upadhyaya Adarsha Mahavidyalaya, Amjonga, Goalpara, Assam-783124, India


https://doi.org/10.1155/2024/2126734
https://doi.org/10.1093/plphys/kiaa050
https://doi.org/10.1111/tpj.15553
https://doi.org/10.3390/agronomy15030565
https://doi.org/10.3390/agriculture13081593
https://doi.org/10.3390/su12229592
https://doi.org/10.1007/978-981-97-2166-5_11
https://doi.org/10.1002/agj2.20814
https://doi.org/10.3390/plants13081133
https://doi.org/10.3390/horticulturae11050449
https://doi.org/10.3390/biology11020275
https://doi.org/10.3390/biology12070997
https://doi.org/10.1155/2020/2821678
https://doi.org/10.1002/ppp3.10377
https://doi.org/10.3390/agriculture15060582
https://doi.org/10.1016/j.jafr.2023.100698
https://doi.org/10.1093/plphys/kiad273

Advances in Multidisciplinary Research and Innovation page no: 383
Published in August 2026 by Deep Science Publishing (USA | UK | India | Turkey)
ISBN: 978-93-7185-118-3 | E-1SBN: 978-93-7185-110-7 | DOI: https://doi.org/10.70593/978-93-7185-110-7

® DeepScience

[23].Yang, Y., Saand, M. A., Huang, L., Abdelaal, W. B., Zhang, J., Wu, Y., Li, J., Sirohi, M. H., & Wang, F. (2021).
Applications of Multi-Omics Technologies for Crop Improvement. Frontiers in Plant Science, 12.
https://doi.org/10.3389/fpls.2021.563953.

[24].Zheng, C., Abd-Elrahman, A., & Whitaker, V. (2021). Remote Sensing and Machine Learning in Crop
Phenotyping and Management, with an Emphasis on Applications in Strawberry Farming. Remote Sensing, 13(3),
531. https://doi.org/10.3390/rs13030531.

[25].Zude-Sasse, M., Akbari, E., Tsoulias, N., Psiroukis, V., Fountas, S., & Ehsani, R. (2021). Sensing in
Precision Horticulture (pp. 221-251). https://doi.org/10.1007/978-3-030-78431-7 8.

Published on 16/08/2026. Edited by: Dr. Sisir Kumar Rajbongshi | Dr. Kshirod Sarmah | Dr. Rajdeep Ghosh | Dharmeswar Tarang
Department of Computer Science, Pandit Deendayal Upadhyaya Adarsha Mahavidyalaya, Amjonga, Goalpara, Assam-783124, India


https://doi.org/10.3389/fpls.2021.563953
https://doi.org/10.3390/rs13030531
https://doi.org/10.1007/978-3-030-78431-7_8

