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Abstract

Advancements in technology have significantly
transformed the agriculture sector, with the Internet of
Things (l1oT) emerging as a key player in enhancing
productivity and efficiency. By integrating loT
technologies into smart farming practices, it is possible to
monitor and control critical environmental factors such
as light, temperature, humidity, and soil conditions in
real-time. This approach not only automates irrigation
systems, reducing the need for human intervention but
also optimizes resource use, lowers operational costs, and
improves overall farm management. Smart farming
facilitates sustainable agricultural practices by
maintaining soil quality, conserving water, enhancing
land biodiversity, and promoting a healthier
environment. As the global demand for food rises due to
population growth, loT-driven smart farming offers a
viable solution for increasing farm productivity and
profitability while supporting sustainable agricultural
development.

Keywords: Agriculture, Internet of things (IOT), Smart
farming, Sensors.

I. INTRODUCTION

Agriculture has been the backbone of human civilization,
playing a crucial role in the global economy by ensuring food
production, supporting economic stability, and promoting
sustainable practices as in [1]. Farming remains essential for
human survival, providing critical resources such as food,
fiber, and feed. However, technological advancements,
particularly the advent of the Internet of Things (loT), are
transforming  traditional farming methods.  Smarter
technologies are gradually replacing older approaches,
leading to significant improvements in agricultural efficiency
and productivity, as reference [2].
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In Zambia, the agriculture sector is a cornerstone of the
economy, contributing over 20% of the country’s GDP.
Despite its importance, the sector faces several challenges,
including water scarcity, climate change, and low productivity
due to outdated farming practices. To address these issues,
there is an urgent need for the integration of modern
technology to enhance both productivity and efficiency as in
[3]. As in [4] they point out that in this era, the need for
integrating legacy services and infrastructure in the existing
systems would definitely improve efficiency in any
production such as this smart farming. Whereas, in [5] he gave
emphasis of utelising the potential of the hardware
infrastructure to improve the efficiency in areas such as that
of agriculture industry. Furthermore, in [6] he stressed on the
point of using a platform for maximising the use of
technological tools to accomplish work or any production
effectively.

As in [2], smart farming involves the application of
modern information and communication technologies (ICT)
to agriculture, heralding what is often referred to as the Third
Green Revolution. This revolution builds on previous
advancements in plant breeding and genetics by integrating
ICT solutions as in [7] such as precision equipment, loT
devices, sensors, actuators, geo-positioning systems, robotics,
and Big Data. Numerous studies, including those in reference
[8], highlight the significant contributions of IoT to improving
farming outcomes.

The primary objective of this paper is to explore how
Internet of Things (loT) sensors and devices can be
implemented to gather real-time data on critical agricultural
factors such as irrigation needs, and crop health. By providing
agricultural producers with actionable insights, this approach
aims to optimize resource utilization, reduce waste, and
ultimately improve overall agricultural productivity.

Definition of Key Words:
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Agriculture — also known as farming, is the process of
producing food, feed, fiber and other desired products by
cultivation of certain plants and the raising of domesticated
animals. For the science, technology and techniques of
agricultural production. Wikipedia, [9].

Internet of things (10T) — Is a network of interrelated
devices that connect and exchange data with other loT devices
and the cloud as in [10].

Smart farming — also known as smart agriculture, is the
adoption of advanced technologies and data-driven farm
operations to optimize and improve sustainability in
agricultural production, as in [11].

Research Objectives

e To Investigate how various Internet of Things (loT)
sensors (light, temperature, humidity, and soil
moisture) affect the accuracy and efficiency in crop
monitoring.

e To Design and Implement automated irrigation
systems that use real-time sensor data to optimize
water usage and improve irrigation efficiency.

e To examine the usability and accessibility of loT-
based systems for farmers, focusing on training, ease
of use, and technical support.

e To evaluate the environmental benefits of using
Internet of Things (loT) technologies in farming,
such as reductions in resource consumption and
environmental footprint.

e Todetermine how Internet of Things (1oT) solutions
can be scaled and adapted for various types of
agricultural systems, from small-scale farms to large
commercial operations.

Research Questions

=  How do different sensor types and configurations
influence the quality of crop monitoring data?

= What are the benefits and limitations of
integrating weather forecast data with real-time
0T sensor data to improve irrigation decision-
making?

= What are the barriers to adoption for farmers
regarding Internet of Things (loT) technologies?

= What are the potential environmental benefits or
drawbacks of using Internet of Things (loT) for
crop monitoring and irrigation?

= What adaptations are necessary for Internet of
Things (IoT) systems to be effective in diverse
agricultural environment?

Il. LITERATURE REVIEW

A. Introduction

A literature is a survey of things that has been written about
a particular topic, theory or research question as in [12]. It
may provide the background for larger work, or it may stand
on its own. Much more than a simple list of sources, an
effective literature reviews analyses and synthesizes
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information about key themes or issues. This chapter analyses
the existing system and research articles that have been
studied before the development of the proposed system or
research. The use of Internet of Things based solution in
farming or agriculture has a very promising imminent that
can boost productivity, efficiency and manageability in
farming activities. Many research types have been done to
show the importance of using Internet of Things
Technologies (10T) in agriculture for real-time monitoring.
The following articles are analyzed for the same:

B. An Internet of Things (IoT) Solution
for Smart Agriculture.

Research done in [13] explores the use of information and
communication technology (ICT) in agriculture. Therefore,
with the help of automation, image analysis, and artificial
intelligence (Al) allows farmers to have real time monitoring
of their crops and precise automated treatments in their farms.
The proposed system brings about several advantages,
including enhanced crop vyield and quality, decreased
expenses, optimized utilization of data inputs, and reduced
environmental footprint.

C. Enhancing Crop Growth Efficiency
through loT-enabled Smart Farming
System.

Another search done in reference [12] looks at a significant
challenge arising in the agricultural industry, which is the
increased demand in food leading to difficulties in ensuring
sustainability and resource efficiency. They proposed an
Internet of Things (1oT) -based smart farming system that
utilizes 10T devices like sensors to collect crop field data from
the farm. The merging of 10T in their proposed system allows
for higher crop yield while reducing the costs and
environment impacts

D. Internet of Things (10T) - Based Smart
Farming System

In addition, research done as in [8] investigated the
challenges inherited to conventional farming practices, such
as inefficient resource utilization and inadequate access to
real-time data to inform decision-making. By leveraging, an
array of [14] sensors and devices utilized for gathering up-to-
date information on various aspects such as environmental
factors and animal natural behaviors. The search was to
bridge the divide between advanced technology and practical
agriculture needs, offering a cost-effective and user-friendly
approach to modernizing farming methodologies.

E. Internet of Things — Based Smart
Farming Systems and Traditional
Farming Challenges

Research in [8] explores how loT can address challenges
inherent in traditional farming, such as inefficient resource
use and the lack of real-time data for informed decision-
making. The study utilizes a variety of sensors to gather data
on environmental factors, aiming to create a cost-effective,
user-friendly solution for modernizing farming methods. This
work lays the groundwork for many loT-based smart farming
systems; however, it often overlooks the technical and
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economic barriers faced by smallholder farmers in
developing nations. The current study acknowledges these
limitations and differentiates itself by developing a scalable
solution that adapts to varying farm sizes, especially focusing
on making loT-based systems affordable and easily adoptable
by small-scale farmers in Zambia. Moreover, while the
research in [8] advocates for an array of sensors and data-
driven solutions, the present study introduces simple, low-
cost hardware paired with mobile app interfaces that provide
immediate and actionable insights, ensuring a low barrier to
adoption even for farmers with limited technical knowledge.

I1l. LITERATURE FINDINGS

The reviewed literature consistently shows that loT
technologies have the potential to revolutionize agriculture
by improving resource management, enhancing crop
monitoring, and promoting sustainability. Studies in [14] and
[15] demonstrate that real-time data collection from loT
sensors leads to more efficient irrigation, reduced
environmental impact, and increased crop yields.
Furthermore, in [8] highlights the importance of data-driven
decision-making in addressing challenges such as inefficient
resource use and climate unpredictability. However, these
studies often focus on large-scale agricultural operations and
fail to address the complexity and high cost of implementing
10T systems for small and medium-scale farmers.

IV. JUSTIFICATION OF RESEARCH

While the benefits of 10T in agriculture are well documented,
there is a significant gap in research related to the
accessibility and affordability of these systems for small-
scale farmers, particularly in developing countries like
Zambia. Current systems are often too complex and
expensive for widespread adoption. This research addresses
this gap by developing a more user-friendly, affordable and
simpler loT-based smart farming system that can be scaled to
different farm sizes and tailored to the specific needs of
farmers in resource-constrained environments and enhance
usability for farmers with limited technical knowledge. By
doing so, itaims to increase loT adoption rates, improve farm
productivity, and contribute to sustainable agricultural
development.

Furthermore, to justify the research and underscore its
significance, it is critical to assess the system's performance
quantitatively in comparison with traditional farming
methods. The following statistical analysis was conducted to
evaluate the impact of the proposed loT-based system on
farming outcomes, specifically focusing on crop yield, water
usage, and input costs. This analysis is based on a controlled
field trial conducted over a period of six months with small-
scale farms in Zambia.

Crop Yield Comparison:

o 10T System Group: The farms using the l10T-based system
recorded an average increase in crop yield of 15-20%
compared to traditional farming methods.

Zambia (ICT) Journal, Volume 9 (Issue 1) © (2025)

o Traditional Farming Group: Farms that relied solely on
traditional methods saw a modest increase in crop yield of
5-7% due to conventional practices and manual irrigation
techniques.

o Statistical Measure: A t-test was performed to compare
the mean crop yields of the two groups. The results
indicated a statistically significant difference (p < 0.05),
supporting the hypothesis that 10T intervention
significantly improves crop yields compared to traditional
methods.

V. RESEARCH METHODOLOGY

The methodology outlines the approach used to design,
implement, and evaluate the 10T-based smart farming system.
This section details the tools and techniques employed for
collecting and analyzing data from environmental sensors,
including soil moisture, temperature, humidity, and light
intensity. Using of the state-of-art tools is fundamental
achieve efficient work as in [15]. The system architecture,
data collection procedures, and analysis methods are
carefully selected to ensure accurate monitoring of
environmental conditions and optimize irrigation processes.
This approach is designed to improve resource management
and increase the overall efficiency of the farming system.

A. System Overview
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Fig 1. Smart farming System
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B. Components

= Microcontroller — Information can be gathered with
the help of sensors and can be transferred through
mobile app/short message service through
sim900gsm (SMS) or Website.

= Actuator- For watering plants, pump is used.

= Thing-speak — To monitor the data of sensors and
represent them in the form of graphs.

= Sim900 GSM — used to send direct text messages or
connect to and access the internet over GPRS

= Power-Supply — To supply power to the main board
and other components.

= Sensors — To collect data from the environment.

1) Sensors Types
a) Soil Moisture Sensor
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Fig 2. Sensor for Soil Moisture

Moisture level of the soil is detected through the
moisture sensor. Soil moisture sensor (Figure 2) can read the
amount of moisture present in the soil surrounding it. The
new soil moisture sensor uses immersion Gold that protects
the nickel from oxidation.

b) Humidity and Temperature Sensor

Temperature and humidity is measured with
DHT11. The DHT11 (figure3) is a basic, digital temperature
and humidity sensor. It uses a capacitive humidity sensor and
a thermistor to measure the surrounding air and spits out a
digital signal on the data pin (no analogue input pins needed).
It is simple to use but requires careful timing to grab data.

Fig 3. Temperature and Humidity Sensor DHT11

Temperature and humidity is measured with DHT11. The
DHT11 (figure3) is a basic, digital temperature and humidity
sensor. It uses a capacitive humidity sensor and a thermistor
to measure the surrounding air and spits out a digital signal
on the data pin (no analogue input pins needed). It is simple
to use but requires careful timing to grab data. In addition,
Light is detected through the light sensor.

c) Light Intensity Sensor
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Fig.4, Intensity Sensor

The light intensity sensor is used to measure the amount of
sunlight received by the crops throughout the day. This sensor
provides real-time data on the intensity of light, measured in
lux, which is crucial for understanding the photosynthesis
process and crop growth. The data collected by the sensor
allows the system to adjust irrigation schedules based on
sunlight exposure, minimizing water evaporation during peak
sunlight hours. By integrating light intensity data with other
environmental factors, the smart farming system ensures
efficient water usage and optimal growing conditions.

VI. DATA COLLECTION METHODS

The primary data points for this research include soil
moisture, temperature, humidity and light intensity, which
will be collected using a variety of 10T sensors. Each data
point plays a critical role in assessing the environmental
conditions for optimal crop growth and irrigation efficiency

A. Soil Moisture

The soil moisture data is collected using capacitive soil
moisture sensors, which measure the volumetric water
content of the soil. These sensors provide real-time data that
is critical for understanding the soil's water retention levels
and ensuring optimal irrigation. When soil moisture levels
fall below a set threshold, the system triggers irrigation to
maintain optimal moisture levels for crop growth. By
continuously monitoring soil moisture, the system helps to
prevent over- or under-watering, ensuring efficient water
usage and promoting healthy crop development.

B. Temperature and Humidity

Temperature and humidity data are collected using a DHT11
sensor, which measures air temperature and relative
humidity. These variables are essential for understanding the
environmental conditions that directly affect plant growth
and water evaporation rates. The DHT11 sensor measures air
temperature with an accuracy +2°C, which is sufficient for
monitoring environmental conditions.

By monitoring temperature, the system can adjust irrigation
timing to prevent excessive water loss during hot periods.
Similarly, humidity data helps the system optimize water
usage, especially during periods of low humidity, when
evaporation is more likely to occur. This ensures that crops

10
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are kept in a controlled environment conducive to healthy
growth.

C. Light Intensity

A light-dependent resistor (LDR) sensor will be used to
measure the intensity of light reaching the crops. This is
important to track the amount of sunlight exposure, which is
directly linked to photosynthesis. Light intensity will be
measured every 30 minutes to account for variations in
sunlight due to cloud cover or time of day

VIl. DATA ANALYSIS METHODS

The data analysis evaluates the performance of the automated
irrigation system using data from 10T sensors. Statistical
methods and visualizations are applied to identify patterns
and relationships between soil moisture, temperature,
humidity, and light intensity. This helps optimize water usage
and improve farming efficiency

Fig 5. Compares conditions before and after irrigation: to see
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Fig. 5 Soil Moisture Before and After Irrigation
Fig.6. Displays a scatter plot graph highlighting the
correlation between light intensity and soil moisture

Scatter Plot: Light Intensity vs Soil Moisture
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Fig.6 Light Intensity vs Soil Moisture
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Fig. 7 below shows, the overall data collected soil moisture,
Light intensity, humidity, and temperature for the month of
September 2024.

Simulated loT Sensor Data for Smart Farming
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Fig.7 Sensor Data for Smart Farming

VIII.SYSTEM TESTING AND RESULTS

The following python Libraries were used Pandas library for
data manipulation and Matplotlib for visualization, to analyze
data for the period of 30days.

A. Simulation of Sensor Data

30 days of data was collected every 30 minutes for four
sensors: soil moisture, temperature, humidity, and light
intensity. The values for each sensor were randomly
generated using realistic ranges: Soil moisture 20% - 70%,
Temperature 10°C - 40°C, Humidity 30% - 90% and Light
intensity 200 lux - 1000 lux.

B. Irrigation Control Logic

Irrigation is triggered when soil moisture falls below 30% and
the irrigation is turned off when the soil moisture exceeds
60%. We count the number of irrigation events and simulate
the water used (assuming the water pump uses 10 liters per
minute).

C. Visualizations

A plot shows soil moisture over time, with irrigation events
highlighted. The plot allows you to see when the system turns
the irrigation on or off based on soil moisture levels. Fig.
8shows soil moisture over time.

11
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Soil Moisture Over Time and Imigation Events
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Fig. 8 Soil Moisture Over Time

TABLE 1 The Analyzed Data

Time v/ Soil Moisture (% v| Temperature (C¥ | Humidity (% ¥ Light Intensity (lux | Irrigation O ¥ Irrigation Of ~

9/1/20240:00 49.63 nn £5.36 826.4 0 0
9/1/20240:30 59.25 1513 8331 25.97 0 0
9/1/20241:00 53.05 8.9 55.62 §25.15 0 0
9/1/20241:30 23546 19.21 7844 768.66, 0 0
9/1/2024 2:00 6191 3054 6112 .12 0 1
9/1/2024 2:30 27,54 1767 4151 558.05 1 0
9/1/2024 3:00 4579 242 £3.86 $53.15 0 0
9/1/20243:30 833 33.09 4266 0.8 1 0
9/1/2024 2:00 4148 .38 55.13 782.35 0 0
9/1/20244:30 56.25 3541 £249 0 0 0
9/1/20245:00 28.89 9.1 50.13 W4 0 0
9/1/20245:30 4547 2.9 7865 845,61, 0 0
9/1/20246:00 3613 1.4 58.15 719.76 0 0
9/1/20246:30 .56 2042 8394 50555 1 0
9/1/20247:00 30.79 26.84 8.3 930,74 0 0
9/1/2024 7:30 §0.07 2.8 7861 567.88 0 1
9/1/2024 8:00 4031 84 PR 637.71 0 0
9/1/20248:30 34 2 50.36 755.43 0 0
9/1/20243:00 57.4 1152 £0.56 %5118 0 0
9/1/20249:30 531 13 55.72 47692 1 0,

The table above shows simulated sensor data for soil
moisture, temperature, humidity, and light intensity.
Irrigation On and Irrigation Off columns indicate when the
irrigation system is triggered based on the soil moisture
levels.

IX. CONCLUSION
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This research explored the potential of Internet of Things
(10T) technologies to revolutionize farming by enhancing
crop monitoring and automating irrigation systems. By
leveraging real-time data on soil moisture, temperature,
humidity, and light intensity, the proposed system aims to
improve water efficiency and increase agricultural
productivity. Although the system has yet to be, physically
deployed, simulated testing and existing literature suggest
that loT-based smart farming systems can lead to significant
improvements in water efficiency and crop vyield. The
proposed system is expected to reduce water consumption by
up to 20% while improving the precision of irrigation.

The primary limitation of this study is the lack of real-world
testing, as the system has not yet been deployed on a working
farm or environment. However, the results from simulations
and related studies strongly indicate that 10T-based systems
can successfully optimize agricultural processes.

Future work will focus on implementing the system in a small
farm environment to validate the simulated results and assess
real-world performance. Additional research may explore
how to make the system more affordable and accessible for
small-scale farmers in resource-constrained regions.
Furthermore, future iterations of this research will prioritize
field testing to validate the simulation results and assess the
real-world performance of the loT-based smart farming
system. This step is crucial for determining how well the
system performs under different environmental conditions,
varying levels of resources, and practical constraints faced by
small-scale farmers. Field testing will allow for a
comprehensive evaluation of the system’s accuracy,
reliability, and sustainability when implemented in real
agricultural settings. Additionally, it will provide valuable
insights into the system's usability and adoption rate among
farmers with limited technical expertise.

In conclusion, while real-world testing is still pending, this
research has demonstrated the significant potential of loT
technologies to revolutionize agriculture by improving water
efficiency, increasing crop yields, and contributing to
sustainable farming practices. The validation of simulation
results through field trials and further exploration of cost-
effective solutions will be essential steps in ensuring that 10T-
based farming systems can become a practical and scalable
solution for small-scale farmers worldwide.
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