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Abstract: This study clarifies how precision agriculture powered by the Internet of Things may optimize
agricultural productivity and sustainability. Important connections, like the positive association between
agricultural output and soil moisture, are revealed by analyzing data from Internet of Things sensors. Test
findings for Precision Agriculture show impressive production increases: 20% better yields for wheat, 15%
higher yields for maize, and 5% higher yields for soybeans. Interestingly, these improvements come with
significant resource savings, with a 10% to 20% reduction in the use of pesticides and fertilizers. The
evaluation of sustainable yield highlights efficiency levels between 92% and 95%. These results demonstrate
how precision agriculture has the potential to completely transform contemporary agricultural methods by
maximizing crop output, promoting sustainability, and reducing environmental impact.
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1 INTRODUCTION

Modern agricultural techniques are changing dramatically as a result of the development of Precision Agriculture, which
is made possible by the integration of Internet of Things (IoT) technology. Researchers, farmers, and governments are
increasingly focusing on sustainable agriculture due to the growing global population and the need to solve issues related
to food security. Precision farming, also known as precision agriculture, is a data-driven strategy that maximizes crop yield,
minimizes resource waste, and improves overall agricultural sustainability by using real-time monitoring and control
system [1]-[6]. The core tenet of precision agriculture is to customize agronomic techniques to the unique requirements of
every field, crop, or even individual plant. Traditional, homogeneous farming practices are giving way to data-driven, exact,
and responsive farming methods that take into account the particular needs and peculiarities of each area of a field[7]-[11].
This shift primarily depends on the use of Internet of Things (IoT) devices, such as automated equipment, drones, and
sensors for the weather and soil, which provide an abundance of data necessary for well-informed decision-making. In light
of this, the purpose of this study is to shed light on the topic of precision agriculture by examining the relationship between
farming that is driven by the Internet of Things and the outcomes of tests conducted in this regard. We can highlight the
potential of precision farming to maximize resource allocation, improve crop yields, and lessen the environmental effect
of traditional agricultural operations by using extensive datasets obtained from IoT sensors and monitoring devices[12]—
[16].

1 The following are the main goals of this paper:

e Data-Driven Agriculture: Investigate how Internet of Things (IoT) devices can collect vital information about
temperature, moisture content, nutrient levels, and insect infestations to facilitate accurate monitoring and
management.

e  Exhibit the results of a Precision Agriculture test, showing how the practices affect crop yields, fertilizer use, and
pesticide use in practical agricultural situations.

e Sustainable Yield Assessment: To evaluate the long-term viability of precision farming by contrasting initial and
sustainable yields while taking the environment's effects and resource efficiency into account.

e  Future Repercussions: To talk about how loT-driven precision agriculture could affect global food security,
sustainable food production, and the adoption of more environmentally friendly agricultural methods.

The field of precision agriculture has potential answers to the concerns of resource scarcity, climate change, and feeding
a rising world population. Through the optimization of agricultural production, waste reduction, and environmental impact
minimization, this new area offers promise for a sustainable and food-secure future. The purpose of this study is to add to
the current conversation on precision agriculture and how it may transform contemporary agricultural methods[17]-[21].

2 REVIEW OF LITERATURE

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative
Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).
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1 Precision Farming and Its Development

A revolutionary strategy in contemporary agriculture, precision agriculture (PA), commonly referred to as precision
farming or smart farming, aims to maximize resource efficiency while boosting crop yields. It changed in reaction to the
growing need for food throughout the world, the requirement for sustainable agricultural methods, and the introduction of
cutting-edge technology, most notably the Internet of Things (IoT). Due to the potential of data-driven agricultural decision-
making, the notion of PA was first introduced in the late 20th century (Srinivasan et al., 2017).

2 loT's Place in Precision Agribusiness

The quick development and use of IoT technology has contributed significantly to PA's expansion. Real-time data
gathering and analysis is made possible by IoT devices including automated equipment, weather stations, and soil sensors.
According to Lopez et al. (2017), these tools provide information on important characteristics such as temperature,
nutritional content, insect infestations, and soil moisture levels. With the use of this data, farmers are better able to manage
their crops and waste less resources by making prompt, accurate choices[22]-[26].

3 loT-Powered Data Gathering and Tracking

Data collecting on farms has been transformed by IoT sensors and monitoring devices. For example, soil sensors may
provide comprehensive data on soil conditions, enabling farmers to modify irrigation schedules, apply fertilizer more
efficiently, and identify early indicators of nutrient deficits (Bacchus et al., 2018). The use of data-driven methodology
makes it possible to apply management methods tailored to individual sites[27]-[32].

4 Test Cases for Precision Agriculture

Numerous studies have shown the effective use of PA in Internet of Things-driven farming. One such instance is the
use of drones to monitor fields from the air[33]-[39]. These unmanned aerial vehicles can collect thermal data, multispectral
data, and high-resolution photos since they are fitted with a variety of sensors. They are especially useful for predicting
production, detecting diseases, and evaluating the health of crops.

5 The effects of sustainable agriculture on the environment

One of the main concerns in contemporary agriculture is sustainability. When used properly, precision agriculture may
lessen the environmental impact of conventional farming techniques, which might support sustainable agricultural
practices. In addition to increasing crop yields, efficient resource management via targeted fertilizer application and less
pesticide usage also lessens farming's environmental impact[40]-[44].

6 Prospective Consequences and Difficulties

IoT-driven precision agriculture has enormous potential to solve issues related to food security, reduce farming's
environmental impact, and improve agriculture's economic viability as its usage increases. But there are still issues to be
resolved, such as the initial expenses of IoT deployment, privacy issues with data, and the need for farmers to get training
and education in order to fully use the potential of these technologies .

The way that Precision Agriculture uses loT technology is changing how farming is done in the current day. It has the
potential to completely transform agricultural methods by facilitating data-driven decision-making and more effective
resource allocation. The literature reviewed in this section demonstrates the noteworthy progress made in this area and
emphasizes the necessity of more funding and research to fully utilize precision agriculture's potential for producing high-
yield crops in a sustainable manner while reducing its negative effects on the environment.

3 RESEARCH METHODOLOGY

The study strategy, data collecting, analysis, and experimental setting utilized to examine the relationship between IoT-
driven Precision Agriculture and the outcomes of a Precision Agriculture test are described in the methodology part of this
publication. The objective is to provide a thorough summary of the techniques used in this investigation.

1 Data Gathering

IoT Sensor Data: Information from IoT sensors was gathered from several farms about soil characteristics (pH, moisture
content), meteorological conditions (temperature, humidity), and insect counts. A network of Internet of Things devices,
such as weather stations, pest monitoring systems, and soil sensors, was used to collect data. The data covers many
agricultural seasons and several geographic regions. Results of a Precision Agriculture Test: A group of fields that used
precision farming methods provided the data for this test. These figures include the application of fertilizer (measured in
kilograms per hectare), the usage of pesticides (measured in liters per hectare), and crop output (measured in kilograms per
hectare). The test data was collected over many years and includes a variety of crop varieties.

2 Analyzing Data
e  Exploratory data analysis (EDA) was used to find patterns, correlations, and outliers in the IoT sensor data. To get
understanding of the gathered data, EDA methods including statistical summaries and data visualization were used.

e  Statistical Analysis: Statistical analysis was used to evaluate the effects of loT-driven precision agriculture.
Regression analysis and hypothesis testing were used to assess the connections between agricultural yields,
Precision Agriculture techniques, and data from IoT sensors. The findings' statistical significance was established.

2
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e Sustainable Yield Assessment: By comparing original yield data with yield data from Precision Agriculture test
results, the sustainable yield of crops was ascertained. Based on resource usage efficiency and accounting for rates
of pesticide and fertilizer application, sustainable yield was determined.

3 Setup for an Experiment

e Field Selection: To represent various crop kinds and geographical areas, a range of fields was selected for the
Precision Agriculture test. IoT sensors and monitoring equipment were placed in fields to collect pertinent data.

e Installation of IoT Devices: A variety of IoT devices were carefully positioned on certain fields, such as soil
sensors, weather stations, drones, and automated equipment. These gadgets gathered data continually, sending it
to a central database.

e Implementation of Precision Agriculture: Using data gathered from Internet of Things devices, Precision
Agriculture techniques were applied to the chosen fields. This involved managing the administration of nutrients,
irrigation, and pest control according to the particular location. The goal of using precision agriculture methods
was to maximize crop yield while utilizing the fewest resources possible.

4 Integration of Data

A thorough study of the effects of [oT-driven Precision Agriculture on crop output and sustainability was produced by
integrating the data from IoT sensors, the outcomes of Precision Agriculture tests, and evaluations of sustainable yield. The
data collecting, analysis, and integration processes pertaining to loT-driven Precision Agriculture and the results of a
Precision Agriculture test were led by the above-discussed approach. We were able to look at the possible advantages of
precision agriculture for resource efficiency and sustainable crop production thanks to this thorough methodology.

4 RESULT AND ANALYSIS

This research paper's findings and analysis part offers a thorough analysis of the data gathered for the investigation,
with an emphasis on the effects of precision agriculture powered by IoT on agricultural productivity and sustainability. The
results and their implications are presented in this section.

1 Effects of Precision Agriculture Driven by loT on Crop Production

1) Sensor Data Analysis for loT
Significant differences in temperature, humidity, and soil moisture were found when loT sensor data was analyzed for
various areas and crop varieties. These differences highlight the need of site-specific management, as universal solutions
might result in less-than-ideal circumstances.

A good correlation between crop production and soil moisture was found by correlation analysis, highlighting the vital
function that sufficient soil moisture plays in producing high yields. IoT data enables precision agriculture, enabling real-
time irrigation modifications to maintain ideal soil moisture levels. The information also demonstrated the need of
temperature and humidity monitoring for controlling pests and illnesses. loT-driven data enabled early identification and
reaction to unfavourable weather and insect infestations, which helped to lower agricultural losses.

2 Results of a Precision Agriculture Test

The findings of the Precision Agriculture test showed significant gains in pesticide application, fertilizer use, and crop
yields. When comparing traditional agricultural methods to Precision Agriculture approaches, better yields were routinely
obtained in the fields. n comparison to conventional farming, Field A's wheat output increased by 20%, while pesticide and
fertilizer use decreased by 15% and 10%, respectively. Based on available data, Precision Agriculture powered by IoT
efficiently maximizes resource distribution. When maize was grown in Field B, yields increased by 15% while fertilizer
consumption decreased by 15% and pesticide use decreased by 20%. These findings highlight how precision agriculture
may improve crop output while having a less negative environmental effect. Soybean-focused Field C demonstrated a 5%
rise in output, a 10% drop in fertilizer use, and a 25% decrease in pesticide use. The results suggest that Precision
Agriculture may improve sustainability even across a wide range of crop varieties.

3 Sustainable Yield Evaluation
e Environmental effects and resource efficiency were taken into account while evaluating sustainable yields.

e Calculations of sustainable yield showed a steady trend toward greater sustainability. Precision-agricultural fields
routinely produced greater sustainable yields, with efficiency levels between 92% and 95%.

e According to the Precision Agriculture test findings, the consumption of fertilizer and pesticides was reduced,
which not only resulted in financial savings but also lessened the environmental effect and decreased the chance
of contaminating the soil and water.

4 Consequences and Prospective Courses

The study's findings highlight the considerable potential for improving agricultural productivity and sustainability via
IoT-driven precision agriculture. Increased agricultural yields, less resource waste, and enhanced sustainability across a
range of crops and areas were the results of using [oT devices for data collecting and Precision Agriculture practices. These
results have important ramifications for tackling issues related to food security and the need for environmentally friendly
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agricultural methods. IoT-enabled precision agriculture presents a viable way to maximize resource efficiency, reduce
environmental effect, and promote sustainable food production. However, there may be obstacles to the adoption of IoT-
driven precision agriculture, including upfront expenditures, data security, and the need for farmer education and training.
It is imperative that future research focuses on tackling these obstacles and broadening the application of Precision
Agriculture to attain worldwide food security and ecological sustainability. To sum up, this study's findings and analysis
show the many advantages of loT-driven precision agriculture as well as how it may completely transform contemporary
farming methods and bring agriculture closer to the objectives of sustainability and higher crop yield.

TABLE I. DATA ON CROP MONITORING

Date Field Crop Soil Temperature | Humidity
Type Moisture (°C) (%)
(%)
01-05-2023 Field A | Wheat 25 20 45
02-05-2023 Field A | Wheat 30 22 50
03-05-2023 Field B Corn 28 23 55
04-05-2023 Field B Corn 32 24 60
05-05-2023 Field C Soybeans | 22 19 42

https://doi.org/10.1051/biocon/20248601091

Wheat Wheat Corn Corn Soybeans
Field A Field A Field B Field B Field C

B Soil Moisture (%) ® Temperature (°C) Humidity (%)
Fig. 1. Data on Crop Monitoring

Table 1's data, which includes soil moisture, temperature, and humidity values, demonstrates the wide range of climatic
variables that exist across fields and crop varieties. This unpredictability highlights the need for precision agriculture since
it makes it possible to precisely modify agronomic operations to meet the unique needs of each farm. The importance of
maintaining ideal soil moisture levels for agricultural production is shown by the positive association found between soil
moisture and crop output. Farmers are able to make well-informed choices about irrigation, disease control, and pest
management thanks to the real-time data gathered by loT-driven monitoring devices. This data-driven strategy is essential
for increasing agricultural yields while lowering resource waste and conventional farming techniques' negative
environmental effects.

TABLE II. 10T SENSOR DATA

Date Sensor Location Soil pH | Nitrogen Pest
ID (ppm) Count
01-05-2023 S001 Field A, Zone | 6.5 40 10
1
01-05-2023 S002 Field A, Zone | 6.8 45 12
2
01-05-2023 S003 Field B, Zone | 6.3 35 8
1
02-05-2023 S001 Field A, Zone | 6.6 42 11
1
02-05-2023 S002 Field A, Zone | 6.9 47 13
2
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Fig. 2. IoT Sensor Data
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Important information on the dynamics of soil characteristics, nutrient levels, and insect infestations may be found in
Table 2, which displays data from IoT sensors. Weather stations, automated monitoring systems, and soil sensors are
essential for gathering detailed information that supports site-specific management strategies. The data analysis serves as
the basis for Precision Agriculture in addition to providing a thorough awareness of the local environment. The way that
soil pH, nitrogen levels, and insect numbers interact illustrates how intricate agricultural ecosystems are and how
customized solutions are required. In order to reduce the dangers of poor soil quality and insect outbreaks, real-time
information is crucial. This will eventually lead to more effective resource management and enhanced crop health.

TABLE III. TEST FINDINGS FOR PRECISION AGRICULTURE
Date Field Crop Yield Fertilizer | Pesticide
Type (kg/ha) (kg/ha) (L/ha)
01-10-2023 Field A Wheat 2500 120 8
01-10-2023 Field B Corn 3000 140 10
01-10-2023 Field C Soybeans | 2000 100 6

96%

95%

94%

93%

92%

91%

90%
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Fig. 3. Test Findings for Precision Agriculture

The observable advantages of using Precision Agriculture techniques are emphasized in Table 3, which displays the
test findings. The notable increases in yields of several crops, including soybeans, maize, and wheat, attest to the efficacy
of loT-powered precision agriculture. Concurrently, the significant decreases in the amount of fertilizer and pesticide used
highlight the possibility of reducing resource waste and lessening the environmental effects of traditional agricultural
practices. These findings demonstrate that precision agriculture is consistent with sustainability ideals and offers economic
benefits. The results highlight how Precision Agriculture is a flexible approach to increasing agricultural output since it can
be adapted to different crop kinds and geographical locations.

TABLE IV. EVALUATION OF SUSTAINABLE YIELD

Field Crop Initial | Sustainable | Efficiency
Type Yield Yield (%)
(kg/ha) (kg/ha)
Field A Wheat 2600 2400 92%
Field B Corn 3100 2900 94%
Field C Soybeans | 1900 1800 95%

Fig. 4. Evaluation of Sustainable Yield

The transition to more environmentally friendly and sustainable agricultural techniques is shown in Table 4, which is
devoted to the evaluation of sustainable yields. This research shows that Precision Agriculture promotes greater
sustainability by decreasing the ecological imprint of agriculture by comparing initial yields with sustainable yields. The
computed efficiencies, which range from 92% to 95%, indicate that precision agriculture improves the use of resources. In
addition to lowering the possibility of soil and water pollution from overuse of pesticides and fertilizers, this helps to save
essential resources like water and nutrients. These results support precision agriculture's main objective, which is to produce
food sustainably while maintaining long-term environmental health and crop yield.

5 CONCLUSION

The study's conclusion highlights the revolutionary potential of IoT-driven Precision Agriculture in transforming
contemporary agricultural methods. This study has shown the significant influence of Precision Agriculture on crop
productivity and sustainability by combining real-time data collecting, Internet of Things (IoT) technology, and precision
farming practices. Understanding the future of agriculture depends critically on the insights gained from data analysis, IoT
sensor data, Precision Agriculture test results, and sustainable yield evaluation. The results highlight the importance of
data-driven decision-making and site-specific management in the agriculture industry. The complexity of agricultural
ecosystems is shown by the interactions between temperature, humidity, soil moisture, and other agronomic elements. [oT-
enabled precision agriculture gives farmers the ability to make prompt, well-informed choices that maximize resource use,
cut waste, and increase crop yields. By ensuring that each field's particular needs and features are met, this data-driven
method helps to realize sustainable food production. The results of the Precision Agriculture tests unambiguously
demonstrate how well the strategies work to maximize crop yields while reducing resource waste. Precision agriculture
provides a flexible approach to addressing issues related to food security, as shown by the significant increases in crop
yield seen in a variety of crop types. The concomitant significant decreases in the use of fertilizer and pesticides support
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sustainability objectives by lessening the environmental impact of agriculture. The shift to more environmentally friendly
and sustainable agricultural methods is shown by the sustainable yield assessment, which gauges Precision Agriculture's
effectiveness. The estimated efficiencies, which range from 92% to 95%, show the possibility of resource conservation and
a less environmental effect. In light of global issues like resource scarcity, climate change, and the need to feed an
expanding population, this is crucial. In summary, precision agriculture powered by loT offers a viable route to
accomplishing the dual objectives of agricultural sustainability and production. This study emphasizes how important
technology is to solving the problem of food security and lessening farming's negative environmental effects. The
information and analysis in this report add to the expanding conversation about precision agriculture and provide direction
for the industry's adoption of these cutting-edge techniques, eventually opening the door to a more sustainable and food-
secure future.
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