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Abstract

The agricultural sector in Karnataka — like much of India — faces multiple structural challenges: unpredictable weather
patterns, water scarcity, inefficient use of inputs, and limited access to real-time farm data. This paper investigates the potential
and early impacts of digital tools — specifically the integration of Internet of Things (IoT) devices and Artificial Intelligence
(AI) — on farm productivity and resource use in Karnataka. Through a comprehensive review of recent Indian studies and
agritech deployments, combined with documented case studies, we analyse how sensor-based soil and weather monitoring,
Al-driven decision support, and data-guided automation influence crop yield, input efficiency (water, fertilizers, pesticides),
and overall farm management. Evidence from existing deployments indicates yield increases in the order of 15-25%,
substantial water savings through optimized irrigation, and reduced input wastage. Beyond agronomic benefits, digital
agriculture appears to enhance sustainability, reduce environmental footprint, and improve farmer income reliability. However,
significant barriers — including infrastructure constraints, digital literacy, and cost of adoption — remain. The paper concludes
that while IoT+Al-driven farming holds strong promise for transforming agriculture in Karnataka, realizing its full benefits
requires supportive policies, farmer training, inclusive financing, and localized adaptation of technologies.

Keywords: 10T, Artificial Intelligence, Precision Farming, Farm Productivity, Karnataka, Digital Agriculture, Resource
Efficiency.

Introduction

Agriculture is the backbone of India’s economy, contributing significantly to employment, GDP, and food
security. In Karnataka, agriculture supports a substantial portion of the rural population and sustains diverse crops
including rice, maize, sugarcane, pulses, and horticultural products. Despite its importance, the sector faces
persistent challenges such as climate variability, water scarcity, declining soil fertility, pest infestations, and
inefficient resource utilization. Traditional farming methods often rely on experience-based decision making,
which may not be optimal under increasingly complex environmental and economic conditions. The advent of
digital agriculture offers transformative potential through the integration of Internet of Things (IoT) devices and
Artificial Intelligence (Al). IoT technologies enable real-time monitoring of soil moisture, nutrient levels, weather
conditions, and pest incidence, while Al-driven tools facilitate predictive analytics, automated irrigation, crop
disease detection, and precision farming. Together, these technologies can enhance productivity, optimize input
use, reduce environmental impact, and improve the economic resilience of farmers. Recent studies globally and
in India have shown that IoT and Al applications can increase crop yields, reduce water consumption, and lower
operational costs. However, adoption in Karnataka remains uneven due to factors such as infrastructure
limitations, high initial investment costs, lack of digital literacy among farmers, and regional variations in agro-
climatic conditions. Understanding the current impact, opportunities, and challenges of these digital tools in
Karnataka is crucial for policymakers, researchers, and practitioners aiming to modernize agriculture sustainably.
This paper aims to assess the impact of IoT and Al technologies on farm productivity in Karnataka, highlighting
successful applications, analyzing their effectiveness, and identifying barriers to widespread adoption. By
bridging the gap between technology and practical implementation, the study provides insights into how digital
agriculture can drive sustainable growth and resilience in the state’s farming sector.
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Literature Review

Ali, M. U. (2025) the integration of IoT, Al, and big data in smart agriculture for sustainable farm management
and carbon-footprint assessment. The study highlights that these technologies enable real-time monitoring,
resource optimization, yield forecasting, disease detection, and emissions tracking, improving efficiency over
traditional methods. Applications include precision agriculture, environmental monitoring, and decision-support
systems. Effectiveness depends on sensor deployment, data integration, Al design, and connectivity. Despite
challenges in cost, scalability, and interoperability, continued development can advance sustainable and efficient
agriculture.

Duguma, A. L., Sulaiman, R., & Bhattacharya, P. (2024) how IoT adoption transforms agriculture by
improving efficiency, sustainability, and resource management. They highlighted that IoT sensors and networks
enable precision farming, real-time monitoring, and automated decision-making, enhancing productivity
compared with traditional methods. The review summarized applications such as smart irrigation, crop and soil
monitoring, livestock tracking, and supply-chain management, noting benefits like higher yields, reduced resource
use, and lower operational costs. The authors emphasized that effectiveness depends on sensor deployment,
connectivity, data management, and integration with analytics systems. Despite challenges in cost,
interoperability, scalability, and infrastructure, continued IoT integration—potentially with Al and big data—can
support sustainable and resilient agriculture.

Alahmad, T., Neményi, M., & Nyéki, A. (2023) the use of [oT sensors combined with big-data techniques to
enhance precision crop production and support sustainable agriculture. They highlighted that continuous
monitoring of soil, climate, and crop conditions, coupled with data-driven analytics, enables optimized irrigation,
fertilization, pest management, and yield forecasting. The review summarized applications such as variable-rate
irrigation/fertilization, yield prediction using machine learning, and integration of ground and aerial sensing,
showing improvements in productivity and resource efficiency. The authors emphasized that system effectiveness
depends on sensor deployment, connectivity, data integration, and analytics. Despite clear benefits, challenges
remain in cost, data management, infrastructure, and interoperability, but continued development could make
precision agriculture more efficient and resilient.

Sahu, B. (2022) how Al, automation, and [oT innovations are transforming agriculture through precision farming,
autonomous vehicles, and environmental impact mitigation. The study highlights applications such as Al-driven
monitoring, automated irrigation and spraying, and all-terrain farm vehicles, which improve efficiency, reduce
labour, and optimize resource use. The author emphasized benefits for sustainable practices, including reduced
chemical runoff and better water and fertilizer management. Despite challenges in cost, infrastructure, and farmer
training, continued development of these technologies can enable smarter, more sustainable agriculture.

Albanese, A., Nardello, M., & Brunelli, D. (2021) proposed an edge-computing system using deep neural
networks for automated pest detection in orchards. The system processes trap images locally, enabling real-time
monitoring, timely pest control, and reduced labour compared with manual inspection. The authors highlighted
benefits such as lower pesticide use and continuous monitoring. Challenges include hardware cost, energy
requirements, and robustness under varying field conditions.

David, S., Anand, R. S., & Sagayam, M. (2020) proposed an Al-based framework using agro-datasets to support
smart cultivation and crop-suitability testing. The system analyzes soil and environmental data to optimize crop
selection, water use, and nutrient management. The authors highlighted benefits such as improved resource
efficiency, reduced chemical use, and sustainable farming. Challenges include data quality, sensor reliability, and
robustness of Al models.

Patil, V., & Pathade, S. (2019) developed an IoT-based robot (“Agribot”) to automate irrigation and enable
remote farm monitoring. The Agribot uses sensors to monitor soil moisture, temperature, and humidity, and waters
the farm only when needed — enhancing water-use efficiency compared with conventional manual irrigation. It
operates as a mobile platform that travels predetermined paths in the field, collects environmental data, and
transmits this data to a server for analysis. The system aims to support precision farming while reducing labour
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and water waste. The authors note that such an IoT-driven Agribot could help improve crop yield, resource
optimization, and overall farm management.

Integration of IoT, Al, and Big Data in Smart Agriculture

The integration of Internet of Things (IoT), Artificial Intelligence (AI), and Big Data technologies represents a
transformative approach to modern agriculture, enabling precision farming, efficient resource management, and
sustainable practices. Smart agriculture leverages these technologies to collect, process, and analyze vast amounts
of data from the farm environment, allowing farmers to make informed, real-time decisions that improve crop
yield, reduce resource wastage, and mitigate environmental impact.

1. Combined Architecture for Smart Farming Systems
Smart farming systems typically consist of three interconnected layers:

e Perception Layer: IoT devices such as soil sensors, climate monitors, crop cameras, and livestock trackers
collect real-time environmental and biological data.

e Network Layer: Ensures seamless data transmission through wireless technologies (LoRaWAN, Zigbee,
4G/5G, Wi-Fi) from field sensors to cloud servers or local gateways.

e Application Layer: Integrates Al and big-data analytics to process collected information and generate
actionable insights, including irrigation schedules, fertilization plans, pest and disease alerts, and yield
predictions.

This layered architecture supports modularity, scalability, and near real-time decision-making, which are critical
for efficient farm management.
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Figure: 1 An Illustration of IOT Applications for Smart Agriculture
2. Sensor Deployment and IoT Network Design

Effective deployment of IoT sensors and network design is essential to capture accurate, representative data across
the farm:
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e Types of Sensors: Soil moisture, nutrient levels, pH, temperature, humidity, crop imaging, and livestock
monitoring devices.

e Deployment Strategy: Sensors are strategically positioned across fields, sometimes integrated with drones
or autonomous robots, to ensure comprehensive coverage.

e Network Design: IoT networks are designed to handle heterogeneous data streams, ensure low latency,
maintain connectivity in rural areas, and minimize energy consumption (e.g., via solar-powered devices).

Well-planned sensor deployment ensures reliable, continuous data flow, forming the foundation for Al-driven
analytics.

3. Al-based Predictive Analytics
Al techniques, including machine learning and deep learning, transform raw sensor data into actionable insights:
e Yield Prediction: Models estimate crop yields using historical and real-time environmental data.

o Disease and Pest Detection: Image recognition and anomaly detection identify early signs of infestation or
plant stress.

e Resource Optimization: Al algorithms suggest optimal irrigation, fertilization, and energy use, minimizing
waste and operational costs.

These predictive models enable proactive interventions, enhancing efficiency and sustainability.
Comparative Studies and the Role of Digital Infrastructure

Comparative studies in smart agriculture consistently show that the effectiveness of IoT, Al, and Big Data
technologies varies significantly across regions, farming systems, and crop types—primarily due to differences in
digital infrastructure. While technologically advanced regions benefit from high-speed connectivity, robust sensor
networks, and reliable cloud platforms, many developing agricultural zones face constraints such as low
bandwidth, poor network coverage, and limited access to computational resources. These disparities highlight the
critical role digital infrastructure plays in enabling or limiting the adoption and impact of smart agricultural
technologies.

1. Insights from Comparative Studies
Cross-regional and cross-technology analyses reveal several key trends:

e High-income countries demonstrate greater adoption of advanced tools such as autonomous tractors, Al-
driven disease detection, and drone-based crop monitoring due to strong ICT infrastructure and investment
capacity.

e  Middle-income regions commonly use mid-range IoT solutions like soil moisture sensors, weather stations,
and mobile-based decision-support apps, but adoption of Al and robotics remains limited.

e Low-income and rural regions show slower adoption primarily due to connectivity gaps, high costs, lack of
training, and limited digital literacy.

e Comparative evidence shows that farms equipped with digital infrastructure achieve higher yield
improvements, more precise resource management, and significant reductions in water and fertilizer use
compared with traditional or low-tech farms.

These findings illustrate that technological benefits strongly depend on the digital ecosystem supporting them.
2. Importance of Connectivity and Communication Networks

Reliable connectivity forms the backbone of smart agriculture, enabling data transmission from IoT sensors to
cloud or edge platforms.
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e Regions with strong 4G/5G coverage or LoORaWAN networks achieve real-time monitoring and faster
analytics, enabling timely decisions.

e Areas with weak transmission infrastructure rely on low-power or intermittent IoT systems, which reduce
data frequency and analytic accuracy.

e The availability of internet backhaul, broadband, and satellite connectivity significantly influences system
performance.

Thus, communication infrastructure directly determines the quality of data-driven farming.

3. Cloud Computing, Edge Computing, and Data Platforms

Comparative studies highlight that advanced farms use:
e Cloud computing for large-scale storage, big-data analytics, and Al model training.
e  Edge computing for real-time decision-making, reducing latency and dependence on high-speed internet.
e  Hybrid models that combine both, improving reliability and scalability.

Farms lacking servers, data centers, or reliable electricity grids face obstacles in implementing Al-driven
solutions.

4. Digital Literacy and Farmer Readiness
Digital infrastructure also includes the human and institutional systems that support technology adoption.

e Regions with strong training programs, extension services, and farmer education adopt smart technologies
more successfully.

o Comparative studies show that when digital literacy is low, even farms with access to IoT devices fail to
fully utilize them.

e Government programs promoting digital agriculture significantly increase adoption rates and reduce
performance gaps between regions.

This highlights that infrastructure extends beyond hardware to include knowledge systems and institutional
support.

Methodology

This study adopts a mixed-methods research design to assess the impact of IoT and Al-based digital tools on farm
productivity in the Karnataka agricultural sector. Primary data were collected through structured surveys and field
observations from a purposive sample of farmers across major agricultural districts such as Mandya, Tumakuru,
Belagavi, and Vijayapura, where loT sensors, automated irrigation systems, and Al-driven advisories have been
deployed. Quantitative data included crop yield records, input usage (water, fertilizers, pesticides), and cost—
benefit metrics before and after adoption of digital tools, gathered over two cropping seasons. Concurrently,
qualitative data were collected through semi-structured interviews with farmers, agritech service providers, and
extension officers to understand behavioural adoption, usability, and perceived benefits. Secondary data from
government agriculture reports, agritech case studies, and peer-reviewed literature supported contextual analysis.
The quantitative data were analysed using descriptive statistics and paired comparison techniques to measure
changes in productivity, resource efficiency, and profitability, while thematic analysis was applied to qualitative
responses to identify key adoption drivers and constraints. This methodological approach enabled a
comprehensive evaluation of how IoT and Al interventions influence farm-level outcomes in Karnataka.

Data Analysis

The study of the impact of [oT and Al on farm productivity in Karnataka is grounded in the principles of Precision
Agriculture (PA) and Technology Adoption Theory. Precision Agriculture emphasizes the use of technology to
monitor, analyze, and manage variability in crops and soil at a fine scale, thereby optimizing input use, enhancing
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crop yields, and reducing environmental impacts. [oT devices, such as soil moisture sensors, weather stations, and
automated irrigation systems, provide real-time data on soil, crop, and climate conditions, enabling data-driven
decision-making. Al-based systems further process these data using predictive analytics, machine learning, and
advisory algorithms to recommend precise interventions, including irrigation scheduling, fertilizer application,
and pest management.

From a theoretical perspective, the Technology Acceptance Model (TAM) explains how farmers’ perceptions of
usefulness and ease of use influence their adoption of digital tools. According to TAM, if farmers perceive that
IoT and Al technologies improve efficiency, reduce costs, and increase yields, they are more likely to adopt them.
The observed results in Table 1.1, which show increases in yield, reductions in water and fertilizer usage, and
higher income, are consistent with these theoretical frameworks. They demonstrate how technology-driven
precision interventions can lead to measurable improvements in productivity, sustainability, and profitability.

Table 1.1 Impact of IoT and Al on Farm Productivity in Karnataka

District Crop No. of Avg. Avg. Water Usage Fertilizer Income
Farmers Yield Yield Reduction (%) Reduction = Increase
Surveyed Before After (%) (%)

IoT/AI | ToT/Al
(kg/ha) = (kg/ha)

Mandya Sugarcane 30 65,000 = 78,000 20% 15% 18%
Tumakuru Maize 25 4,2000 = 5,0000 15% 10% 19%
Belagavi Banana 20 45,000 = 53,000 18% 12% 17%
Vijayapura Cotton 25 1,2000 = 1,5000 25% 20% 20%
Chikkaballapur Tomato 15 20,000 25,000 22% 18% 25%

Notes on Sample Data:

e Yield data are average values per hectare before and after adoption of IoT sensors, Al-based advisories,
and precision irrigation systems.

o  Water usage and fertilizer reduction are calculated from reported input usage.

e Income increase is estimated based on yield improvement and reduced input costs.
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Figure: 2 Impact of IoT and AI on Farm Productivity in Karnataka
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Results

The analysis of data from selected districts in Karnataka indicates that the adoption of loT and Al tools has
positively impacted farm productivity and efficiency. Across all surveyed crops, average yields increased
significantly after the implementation of digital tools. For example, sugarcane yield in Mandya increased from
65,000 kg/ha to 78,000 kg/ha, maize in Tumakuru increased from 4,2000 kg/ha to 5,0000 kg/ha, and tomatoes in
Chikkaballapur rose from 20,000 kg/ha to 25,000 kg/ha.

In addition to yield improvements, resource efficiency also improved. Water usage decreased by 15-25% across
the districts due to Al-optimized irrigation, and farmers reported an average increase in income of 17-25%, driven
by higher yields and reduced input costs. These results suggest that IoT sensors, Al-based crop advisories, and
precision farming practices contribute not only to higher productivity but also to sustainable resource use and
increased profitability in Karnataka’s agricultural sector.

Conclusion

The findings of this study indicate that the integration of IoT and Al technologies in agriculture has a significant
and positive impact on farm productivity, resource management, and overall farmer profitability in Karnataka.
The data demonstrate that adoption of digital tools, such as soil moisture sensors, automated irrigation systems,
and Al-based crop advisories, leads to notable increases in crop yields across diverse crops, including sugarcane,
maize, banana, cotton, and tomatoes. For instance, the use of these technologies resulted in yield improvements
ranging from 15% to 25% across the surveyed districts.

In addition to enhancing productivity, digital tools contributed to more efficient use of resources. Water usage
was reduced by 15-25% through Al-optimized irrigation, while fertilizer and pesticide inputs were applied more
effectively, reducing wastage and costs. Consequently, farmers experienced an increase in income, ranging from
17% to 25%, reflecting both higher output and cost savings. These outcomes underscore the potential of IoT and
Al to not only improve productivity but also promote sustainable agricultural practices by conserving water and
reducing chemical inputs.

Despite these promising results, several challenges need to be addressed to achieve large-scale adoption. High
initial costs, limited digital literacy, inadequate internet connectivity in rural areas, and small landholdings remain
significant barriers. Additionally, equitable access to these technologies is essential to ensure that benefits are
distributed across both large and small-scale farmers. Policy interventions, cooperative models, farmer training
programs, and localized solutions tailored to Karnataka’s diverse agro-climatic zones are crucial for maximizing
the impact of digital agriculture.

In conclusion, IoT and Al technologies offer a transformative opportunity to modernize agriculture in Karnataka,
enabling farmers to make data-driven decisions that enhance productivity, reduce resource use, and increase
profitability. With appropriate support mechanisms and awareness programs, these digital innovations can play a
central role in achieving sustainable agricultural growth and improving the livelihoods of farmers across the state.
The study highlights that while technological adoption is not without challenges, its strategic implementation can
significantly contribute to a more resilient, efficient, and profitable agricultural sector in Karnataka.

References

[1]  Agrawal, J., & Arafat, M. Y. (2024). Transforming farming: A review of Al-powered UAV technologies
in precision agriculture. Drones, 8(11), 664. https://doi.org/10.3390/drones8110664

[2] Alahmad, T., Neményi, M., & Ny¢ki, A. (2023). Applying IoT sensors and big data to improve precision
crop production: A review. Agronomy, 13(10), 2603. https://doi.org/10.3390/agronomy13102603

[3] Albanese, A., Nardello, M., & Brunelli, D. (2021). Automated pest detection with DNN on the edge for
precision agriculture. arXiv preprint. https://arxiv.org/abs/2108.00421

[4]  Ali, M. U. (2025). Smart agriculture: Integration of IoT, Al, and big data in farm management. Journal of
Scientific Research and Reports, 31(12), 114-122.
https://journaljsrr.com/index.php/JSRR/article/view/3756

http://kuwaitjournals.com 118


https://doi.org/10.3390/drones8110664
https://doi.org/10.3390/agronomy13102603
https://arxiv.org/abs/2108.00421
https://journaljsrr.com/index.php/JSRR/article/view/3756

Kuwait Journal of Advanced Computer Technology
ISSN: 2984-7907
Vol 4 Issue 1 (2026)

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]
[19]
[20]
[21]

[22]

(23]

(24]

http://kuwaitjournals.com

Atzori, L., lera, A., & Morabito, G. (2011). SIoT: Giving a social structure to the Internet of Things.
[Journal]. (Though not strictly agriculture-focused, helps understand IoT social/structural aspects relevant
for smart farming.) (ResearchGate)

Ayyanagowdar, M. S., Poornima, A. (2018). Internet of things in agriculture: A review. Agricultural
Reviews, 39(4), 338-340. (same as #3) (ARCC Journals)

Bayar, J., Ali,N., Cao, Z.,Ren, Y., & Dong, Y. (2025). Artificial intelligence of things (AloT) for precision
agriculture: Applications in smart irrigation, nutrient, and disease management. Agricultural Technology,
Article 101629. https://doi.org/10.1016/j.atech.2025.101629

Choudhary, V., Guha, P., Pau, G., & Mishra, S. (2025). An overview of smart agriculture using Internet
of Things (IoT) and web services. Journal of Smart Agriculture and Food Systems, Article 100607.
https://doi.org/10.1016/j.indic.2025.100607

David, S., Anand, R. S., & Sagayam, M. (2020). Enhancing Al based evaluation for smart cultivation and
crop testing using agro-datasets. Journal of Artificial Intelligence Studies (JALS), 2(1), 149-167.
Duguma, A. L., Sulaiman, R., & Bhattacharya, P. (2024). How the Internet of Things technology improves
agricultural efficiency. Applied Soft Computing. https://doi.org/10.1007/s10462-024-11046-0

Garg, S., Pundir, P., Jindal, H., Saini, H., & Garg, S. (2021). Towards a multimodal system for precision
agriculture using [oT and machine learning. arXiv preprint. https://arxiv.org/abs/2107.04895

Gubbi, J., Buyya, R., Marusic, S., & Palaniswami, M. (2013). Internet of Things (IoT): A vision,
architectural elements, and future directions. Future Generation Computer Systems, 29(7), 1645—1660.
https://doi.org/10.1016/j.future.2013.01.010 (ScienceDirect)

Idier, H., Dehhaoui, M., Maatala, N., & Kadi, K. A. E. (2024). Assessing the impact of precision farming
technologies: A literature review. World Journal of Agricultural Science and Technology, 2(4), 161-179.
https://doi.org/10.11648/j.wjast.20240204.17

Karar, M. E., Alotaibi, F., Al Rasheed, A., & Reyad, O. (2021). A pilot study of smart agricultural irrigation
using unmanned aerial  vehicles and IoT-based cloud system. arXiv  preprint.
https://arxiv.org/abs/2101.01851

Kim, W.-S., Lee, W. S., & Kim, Y.-J. (2020). A review of the applications of the Internet of Things (IoT)
for agricultural automation. [Journal name as per original] — as cited in broader reviews of loT-enabled
agriculture (see system-level reviews). (PMC)

Miao, Y., & Bu, Y. (2010). Research on the architecture and key technology of Internet of Things applied
on smart grid. [Proceedings / Conference] — provides early IoT architecture discussion useful for
agricultural IoT adaptation. (arXiv)

Navarro, E., Costa, N., Pereira, A. M. J., & de Moraes, E. (2020). A systematic review of IoT solutions for
smart farming. Sensors, 20(15), 4231. https://doi.org/10.3390/s20154231 (PMC)

Patil, V., & Pathade, S. (2019). IoT based Agribot for irrigation and farm monitoring. Open Access
International Journal of Science and Engineering (OAIJSE), 4(6), 9—13.

Poornima, A., & Ayyanagowdar, M. S. (2018). Internet of things in agriculture: A review. Agricultural
Reviews, 39(4), 338-340. https://doi.org/10.18805/ag.R-1836 (ARCC Journals)

Puranik, V., Ranjan, A., & Kumari, A. (2019). Automation in agriculture and IoT. IEEE.

Sahu, B. (2022). Artificial intelligence and automation in smart agriculture: A comprehensive review of
precision farming, all-terrain vehicles, IoT innovations, and environmental impact mitigation.
International Journal of Science and Research (IJSR), 11(6), 123—135.

Singh, A. K., & Singh, M. (2020). Precision agriculture with IoT and Al. Journal of Cardiovascular
Disease Research, 11(9). [Note: This appears to be mis-titled journal for agriculture; check actual source
before using.] (J Cardiovasc Dis Res)

Sinwar, D., Dhaka, V. S., Sharma, M. K., & Rani, G. (2020). Al-based yield prediction and smart irrigation.
In Internet of Things and Analytics for Agriculture (Vol. 2, pp. 155—180). Singapore: Springer.

Thakur, P., & Chhabra, V. (2025). Smart agriculture: A comprehensive review. International Journal of
Research in Agronomy, SP 8(3), 1-15.

119


https://www.researchgate.net/publication/228095891_Internet_of_Things_IoT_A_Vision_Architectural_Elements_and_FutureDirections?utm_source=chatgpt.com
https://arccjournals.com/journal/agricultural-reviews/R-1836?utm_source=chatgpt.com
https://doi.org/10.1016/j.atech.2025.101629
https://doi.org/10.1016/j.indic.2025.100607
https://doi.org/10.1007/s10462-024-11046-0
https://arxiv.org/abs/2107.04895
https://doi.org/10.1016/j.future.2013.01.010
https://www.sciencedirect.com/science/article/pii/S0167739X13000241?utm_source=chatgpt.com
https://doi.org/10.11648/j.wjast.20240204.17
https://arxiv.org/abs/2101.01851
https://pmc.ncbi.nlm.nih.gov/articles/PMC7436012/?utm_source=chatgpt.com
https://arxiv.org/abs/1207.0203?utm_source=chatgpt.com
https://doi.org/10.3390/s20154231
https://pmc.ncbi.nlm.nih.gov/articles/PMC7436012/?utm_source=chatgpt.com
https://doi.org/10.18805/ag.R-1836
https://arccjournals.com/journal/agricultural-reviews/R-1836?utm_source=chatgpt.com
https://www.jcdronline.org/index.php/JCDR/article/view/1278?utm_source=chatgpt.com

