Plant
Science
Review

PLANT SCIENCE

Popular Article

ISSN No: 3041-7279
’ '.) Check for updates

Journal homepage: https://psr.crcjournals.org/

Connecting Crops: How IoT is Making Every Drop Count

Hari Krishna. B*', A. Sairam', Chilakamari Lokesh’, Machanuru Raviteja' and Saurav
choudhury'

'ICAR- Indian Agricultural Research Institute, New Delhi, India
’Professor Jayashankar Telangana State Agricultural University, Hyderabad, India

Received 13 January 2022 | Revised 10 February 2022 | Accepted 13 March 2022 | Available Online 05 April 2022
*Corresponding Author: Hari Krishna.B | Email Address: hari.agricos07 @gmail.com

Citation: Hari Krishna. B, A. Sairam, Chilakamari Lokesh, Machanuru Raviteja and Saurav choudhury (2022). Connecting
Crops: How [oT is Making Every Drop Count. Plant Science Review. DOI: https://doi.org/10.51470/PSR

Abstract

The Internet of Things (IoT) is revolutionizing agricultural water management by enabling precision irrigation systems that optimize
water usage at unprecedented levels. By integrating sensors, data analytics, and automated controls, loT-based irrigation systems
ensure that every drop of water is utilized efficiently, addressing the dual challenges of water scarcity and food security. This paper
explores the principles, technologies, benefits, and challenges of IoT-enabled precision irrigation, emphasizing its role in sustainable
agriculture and climate-smart farming. The discussion highlights successful implementations, technological innovations, and the
transformative potential of connected agriculture in making water use more efficient and sustainable.
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Introduction

Agriculture stands at a critical crossroads in the 21st century.
As the global population approaches 10 billion by 2050, the
demand for food production must increase by approximately
70%, yet agriculture already consumes nearly 70% of the
world's freshwater resources. This paradox is further
complicated by climate change, which is altering
precipitation patterns, intensifying droughts, and reducing
water availability in many agricultural regions. Traditional
irrigation methods, often characterized by inefficiency and
wasteful practices, are no longer sustainable in this context.
Water losses through evaporation, runoff, and over-irrigation
not only deplete precious water resources but also contribute
to soil degradation, nutrient leaching, and environmental
pollution [1]. The Internet of Things (IoT) has emerged as a
transformative technology capable of addressing these
challenges through precision agriculture. IoT refers to the
network of interconnected devices, sensors, and systems that
collect, exchange, and analyze data in real-time, enabling
intelligent decision-making and automated responses. In
agriculture, [oT applications are creating "smart farms" where
every aspect of crop production, particularly water
management, can be monitored and optimized with
remarkable precision.

IoT-enabled irrigation systems represent a paradigm shift
from conventional time-based or manual irrigation to data-
driven,demand-based water delivery.

By continuously monitoring soil moisture, weather
conditions, crop health, and evapotranspiration rates, these
systems ensure that crops receive exactly the amount of
water they need, when they need it. This precision not only
conserves water but also enhances crop yields, reduces
energy consumption, and minimizes environmental impact
[2]. The convergence of IoT with agriculture is not merely
about technological advancement; it represents a
fundamental reimagining of how we produce food in
harmony with natural resources. As water scarcity intensifies
and agricultural productivity becomes increasingly critical to
global food security, IoT-driven precision irrigation offers a
pathway to sustainable farming that makes every drop count.
This approach aligns with global sustainability goals and
climate adaptation strategies, positioning smart agriculture
asacornerstone of future food production systems.

Understanding IoT in Agriculture

The Internet of Things in agriculture encompasses a
comprehensive ecosystem of hardware, software, and
communication technologies that work synergistically to
create intelligent farming systems. At its core, agricultural
IoT consists of several key components:

1. Sensors and Monitoring Devices: These are the sensory
organs of smart farms, continuously gathering critical data
from the field. Soil moisture sensors measure water content
at various depths, providing real-time information about

© 2022 by the authors. This is an open access article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author(s) and
source are credited. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

Volume 03, Issue 01, 2022 | 07 to 12

DOI: https://doi.org/10.51470/PSR


https://psr.crcjournals.org/article-archive/volume-3-issue-1-2022/
https://psr.crcjournals.org/article-archive/volume-3-issue-1-2022/
https://psr.crcjournals.org/article-archive/volume-3-issue-1-2022/
https://psr.crcjournals.org/
https://psr.crcjournals.org/
https://psr.crcjournals.org/
https://psr.crcjournals.org/
https://psr.crcjournals.org/
https://psr.crcjournals.org/
https://psr.crcjournals.org/
https://portal.issn.org/resource/ISSN/3041-7279
https://portal.issn.org/resource/ISSN/3041-7279
https://portal.issn.org/resource/ISSN/3041-7279

Hari Krishna. B et al., (2022)

irrigation needs. Weather stations track temperature,
humidity, wind speed, and rainfall, enabling predictive
irrigation scheduling [3]. Plant health sensors monitor crop
stress indicators, while flow meters track water usage with
precision.

2. Connectivity Infrastructure: [oT devices communicate
through various wireless protocols including WiFi,
LoRaWAN, cellular networks (4G/5G), and satellite
connections. This connectivity enables seamless data
transmission from remote fields to central management
systems, regardless of geographic location.

3. Data Analytics and Cloud Computing: The massive
volumes of data generated by IoT sensors are processed using
advanced analytics, machine learning algorithms, and
artificial intelligence. Cloud platforms provide the
computational power necessary to transform raw data into
actionable insights, enabling farmers to make informed
decisions about irrigation scheduling, water allocation, and
resource management[4].

4. Automated Control Systems: Based on data analysis, IoT
systems can automatically control irrigation valves, pumps,
and sprinklers, adjusting water delivery in real-time without
human intervention. This automation ensures optimal water
application while reducing labor requirements.

5. User Interfaces and Mobile Applications: Farmers
access their IoT systems through intuitive dashboards and
mobile apps, allowing them to monitor field conditions,
receive alerts, and make management decisions from
anywhere, at any time [5]. The integration of these
components creates a closed-loop system where continuous
monitoring, intelligent analysis, and automated response
work together to optimize water use efficiency. This holistic
approach represents a significant departure from traditional
irrigation methods, offering unprecedented control and
precision in agricultural water management.

Technologies Driving IoT-Based Precision Irrigation

The effectiveness of IoT in agricultural water management
relies on several cutting-edge technologies working in
concert:

1. Soil Moisture Sensors

Modern soil moisture sensors use various technologies
including capacitance, tensiometry, and time-domain
reflectometry to measure water content with high accuracy.
These sensors can be deployed at multiple depths to create a
detailed profile of soil moisture distribution, enabling precise
irrigation decisions based on actual plant water availability
rather than assumptions or schedules.

2. Weather Forecasting Integration
IoT systems integrate real-time weather data and forecasts to
anticipateirrigation needs.
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By predicting rainfall, temperature changes, and
evapotranspiration rates, these systems can proactively
adjust irrigation schedules, avoiding unnecessary water
application before natural rainfall or compensating for
increased water demand during heat waves.

3.Remote Sensing and Drone Technology

Satellite imagery and drone-mounted sensors provide aerial
perspectives on crop health, identifying areas of water stress
before they become visible to the naked eye. Multispectral
and thermal imaging detect variations in plant vigor,
enabling targeted irrigation that addresses specific zones
within a field rather than applying uniform water across
entire areas [6].

4.Variable Rate Irrigation (VRI)

VRI technology, powered by IoT, allows irrigation systems to
apply different amounts of water to different parts of a field
based on specific needs. This zone-based approach accounts
for variations in soil type, topography, crop variety, and plant
development stage, maximizing water use efficiency across
heterogeneous landscapes.

5. Artificial Intelligence and Machine Learning

Al algorithms analyze historical and real-time data to
identify patterns, predict optimal irrigation timing, and
continuously improve system performance. Machine
learning models can account for complex interactions
between weather, soil, crop growth stages, and water
requirements, providing recommendations that become
increasingly accurate over time.

6.Edge Computing

To reduce latency and enable immediate responses to critical
conditions, edge computing processes data locally at the field
level rather than sending all information to distant cloud
servers. This approach ensures that urgent irrigation
adjustments can be made instantly, even in areas with limited
connectivity.

The Need for [oT-Enabled Water Management

The imperative for adopting IoT technologies in agricultural
water management stems from multiple interconnected
challenges:

1. Water Scarcity and Competition

Freshwater resources are under unprecedented pressure from
multiple sectors including urban development, industry, and
agriculture. In many regions, groundwater depletion is
occurring faster than natural recharge rates, threatening
long-term agricultural viability [7]. IoT-enabled precision
irrigation can reduce agricultural water consumption by 20-
50% compared to conventional methods, significantly
alleviating pressure on water resources while maintaining or
improving crop productivity.
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2.Climate Change Adaptation

Changing climate patterns are making traditional irrigation
practices increasingly unreliable. Unpredictable rainfall,
prolonged droughts, and extreme weather events require
dynamic, responsive water management systems. IoT
technologies provide the agility needed to adapt to these
changing conditions, enabling farmers to optimize water use
under variable and often challenging circumstances.

3.Energy Efficiency

Pumping water for irrigation is energy-intensive and
contributes significantly to farm operating costs and
greenhouse gas emissions. By applying water precisely when
and where needed, IoT systems reduce unnecessary pumping,
lowering energy consumption and associated costs while
contributing to climate change mitigation efforts.

4.Crop Quality and Yield Optimization

Both water deficit and excess can negatively impact crop
quality, yield, and market value. IoT systems maintain
optimal soil moisture levels throughout the growing season,
ensuring that plants receive ideal conditions for
photosynthesis, nutrient uptake, and development. This
precision often results in higher yields, better quality
produce, and improved profitability.

5.Labor Shortage Mitigation

Agriculture worldwide faces increasing labor shortages,
particularly for routine tasks like irrigation management.
Automated IoT systems reduce the need for constant manual
monitoring and adjustment, allowing farmers to manage
larger areas more efficiently and focus human resources on
strategic decision-making rather than repetitive tasks.

6.Environmental Stewardship

Over-irrigation leads to nutrient leaching, which pollutes
groundwater and surface water bodies, contributing to
eutrophication and ecosystem degradation. Precise water
application minimizes runoff and deep percolation, keeping
nutrients in the root zone where crops can use them, thereby
reducing environmental pollution and improving
sustainability[8].

Benefits of IoT-Enabled Precision Irrigation

The implementation of [oT technologies in agricultural water
management delivers multiple interconnected benefits:
1.Dramatic Water Savings

IoT-based systems typically reduce water consumption by 25-
50% compared to traditional irrigation methods. This
conservation is achieved through elimination of over-
watering, reduction of evaporation losses, and precise
delivery based on actual crop needs rather than fixed
schedules or estimates.
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2.Increased Crop Productivity

Maintaining optimal soil moisture levels throughout the
growing season enhances plant health, reduces stress, and
improves yields. Studies have shown yield increases of 10-
30% when transitioning from conventional to IoT-enabled
irrigation, while simultaneously using less water.

3.Cost Reduction

While initial investment costs exist, [oT systems deliver
substantial long-term savings through reduced water bills,
lower energy costs for pumping, decreased labor
requirements, and minimized fertilizer losses. Return on
investment typically occurs within 2-4 years, after which
ongoing savings continue to accumulate.

4.Enhanced Decision-Making

Real-time data and analytics empower farmers with
unprecedented insights into their operations. Rather than
relying on intuition or traditional practices, decisions are
based on objective, quantifiable information, leading to more
consistent and optimal outcomes.

5.Scalability and Flexibility

IoT systems can be scaled from small plots to vast commercial
operations, and can be adapted to various crop types,
irrigation methods (drip, sprinkler, surface), and geographic
conditions. This flexibility makes the technology accessible
to diverse agricultural contexts.

6.Climate Resilience

By enabling rapid response to changing conditions and
efficient use of limited water resources, IoT systems help
farms become more resilient to climate variability and
extreme weather events, ensuring more stable production
despite increasing environmental uncertainties.

7.Data-Driven Continuous Improvement

The accumulation of historical data enables ongoing
optimization of irrigation strategies. Farmers can analyze
past seasons to identify patterns, test different approaches,
and refine their practices based on empirical evidence rather
thantrial and error.

Challenges and Limitations

Despite its transformative potential, the widespread
adoption of IoT in agricultural water management faces
several significant obstacles:

1.High Initial Investment Costs

The upfront costs of sensors, controllers, communication
infrastructure, and installation can be prohibitive,
particularly for smallholder farmers or those in developing
regions. While costs are decreasing as technology matures,
financial barriers remain a primary constraint to adoption.

2.Technical Complexity
IoT systems require technical knowledge for installation,
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operation, and maintenance. Many farmers lack the digital
literacy or technical training necessary to effectively utilize
these technologies, creating a knowledge gap that must be
addressed through education and extension services.

3.Connectivity Challenges

Reliable internet connectivity is essential for IoT
functionality, yet many agricultural regions, particularly in
developing countries, lack adequate broadband
infrastructure. Limited connectivity can compromise system
performance and real-time responsiveness.

4.Data Security and Privacy Concerns

Agricultural data has economic value, and farmers may be
concerned about data ownership, privacy, and potential
misuse. Cybersecurity vulnerabilities could expose farms to
hacking, data theft, or system manipulation, creating risks
that must be managed through robust security protocols.

5.Interoperability Issues

The 10T ecosystem includes products from numerous
manufacturers using different protocols, standards, and
platforms. Lack of standardization can make it difficult to
integrate components from different vendors, limiting
flexibility and potentially locking farmers into specific
technology ecosystems.

6.Maintenance and Reliability

Sensors and equipment can fail, require calibration, or
become damaged by weather, pests, or farm operations.
Ensuring system reliability, particularly in remote locations,
requires ongoing maintenance capacity and rapid access to
replacement parts or technical support.

7.Environmental Factors

Harsh agricultural environments can degrade sensors and
equipment over time. Dust, moisture, temperature extremes,
and corrosive conditions can reduce sensor accuracy and
lifespan, increasing maintenance requirements and
operational costs.

8.Policy and Regulatory Gaps

In many regions, supportive policies, subsidies, or regulatory
frameworks for IoT adoption in agriculture are lacking or
underdeveloped. Without government support, financial
incentives, or technical assistance programs, adoption rates
may remain limited.

Case Studies: IoT Success Stories in Agriculture

1.Israel: Global Leader in Water-Smart Agriculture

Israel has pioneered IoT-enabled irrigation technologies,
transforming desert landscapes into productive agricultural
zones despite extreme water scarcity. Israeli farms
extensively use sensor networks, automated drip irrigation,
and real-time monitoring systems that have reduced water
consumption by up to 70% while maintaining high

Plant Science Review

productivity. These technologies, developed out of necessity,
are now exported globally, demonstrating the commercial
viability and scalability of IoT irrigation solutions.

2. California, USA: Managing Drought Through
Technology

During California's recent prolonged droughts, many farms
adopted IoT-based precision irrigation systems to cope with
severe water restrictions. Almond and grape growers, in
particular, implemented soil moisture sensors and
automated irrigation controls that reduced water use by 20-
40% while maintaining crop quality. These systems enabled
compliance with regulatory water limits while preserving
agricultural productivity and economic viability.

3.India: Empowering Smallholder Farmers

In states like Maharashtra and Karnataka, IoT irrigation
projects targeting smallholder farmers have demonstrated
significant impacts. Low-cost sensor systems coupled with
mobile phone-based advisory services have helped farmers
reduce water consumption by 30-40% while increasing yields
by 15-25%. These projects prove that IoT solutions can be
adapted for resource-constrained settings and deliver
benefits to farmers at all scales.

4. Spain: Precision Viticulture

Spanish vineyards have adopted IoT technologies to manage
irrigation in wine production, where water management
critically affects grape quality and wine characteristics.
Sensor networks monitor soil moisture, vine water stress, and
microclimate conditions, enabling precise irrigation that
optimizes grape quality while conserving water in a region
facing increasing drought pressure.

5.Australia: Large-Scale Commercial Implementation
Australian cotton and grain producers, operating at vast
scales across water-limited landscapes, have implemented
comprehensive IoT irrigation systems that integrate satellite
imagery, ground sensors, weather data, and variable rate
irrigation. These systems have achieved water savings of 25-
35% while improving yield consistency across fields with
diverse soil and topographic characteristics.

Future Prospects and Innovations

The future of IoT in agricultural water management promises
even greater integration, intelligence, and impact:

1. Artificial Intelligence and Predictive Analytics
Next-generation systems will leverage advanced Al to predict
irrigation needs days or weeks in advance, accounting for
complex interactions between weather patterns, crop
development stages, soil conditions, and market demands.
These predictive capabilities will enable proactive rather
thanreactive water management.

2.Blockchain for Water Rights and Trading
Blockchain technology could create transparent, secure
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systems for tracking water usage, managing water rights, and
facilitating water trading between farmers, enabling more
efficient allocation of scarce water resources across
agricultural regions.

3.5G Connectivity and Enhanced Networks

The rollout of 5G networks in rural areas will dramatically
improve data transmission speeds and reliability, enabling
more sophisticated real-time monitoring and control,
supporting high-resolution imaging, and facilitating the
deployment of autonomous farming equipment.

4. Integration with Autonomous Systems

IoT irrigation systems will increasingly integrate with
autonomous tractors, robotic harvesters, and drone fleets,
creating fully automated farms where all operations are
coordinated through centralized intelligence systems for
maximum efficiency.

5.Miniaturization and Cost Reduction

Continued technological advancement will produce smaller,
more affordable sensors and controllers, making IoT
solutions accessible to even the smallest farms and enabling
deployment at unprecedented densities for hyper-precise
monitoring[8-10].

6.Bio-Sensors and Plant Communication

Emerging research into plant biosensors that directly
measure plant stress, water status, and nutritional needs will
enable even more precise irrigation by responding to actual
plant demands rather than indirect soil measurements.

7.Integrated Resource Management

Future systems will manage not just water, but also nutrients,
pesticides, and energy in coordinated fashion, optimizing
overall resource efficiency and sustainability across all farm
inputs.

8.Digital Twin Technology

Virtual replicas of farms (digital twins) will allow farmers to
simulate different scenarios, test strategies, and optimize
decisions before implementing them in reality, reducing risks
and accelerating learning.

Conclusion

The Internet of Things is fundamentally transforming
agricultural water management, offering solutions to some of
the most pressing challenges facing global food production.
By making every drop count, IoT-enabled precision irrigation
systems conserve precious water resources, enhance crop
productivity, reduce environmental impacts, and improve
farm profitability. As climate change intensifies water
scarcity and agricultural demands continue to grow, these
technologies will become increasingly critical to ensuring
food security and sustainable resource management. The
journey toward widespread IoT adoption in agriculture
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requires collaborative efforts among governments,
technology providers, research institutions, and farmers
themselves. Reducing costs through innovation and scale,
improving rural connectivity, developing supportive policies
and incentives, and investing in farmer education and
technical support are essential steps to democratize access to
these transformative technologies. Success stories from
diverse regions demonstrate that IoT solutions can be
adapted to various scales, crops, and socioeconomic contexts.
From smallholder farms in developing countries to vast
commercial operations in water-stressed regions, precision
irrigation is proving its value across the agricultural
spectrum. As technologies continue to evolve and become
more accessible, the vision of globally connected, water-
efficient agriculture moves closer to reality. The imperative is
clear: agriculture must become more productive while using
fewer resources. IoT-enabled precision irrigation offers a
pathway to achieve this seemingly paradoxical goal, ensuring
that future generations can feed themselves while preserving
the natural resources upon which all life depends. By
connecting crops, data, and decisions through intelligent
systems, we can create a more sustainable, resilient, and
productive agricultural future—one drop at a time.
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