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ABSTRACT

This research presents life in a technologically sophisticated civilization where technology and digitization are
omnipresent. With every day that goes by, the significance of technology in agriculture becomes increasingly clear.
India's agricultural sector is losing ground every day, which has an impact on the ecosystem's capacity to produce.
Addressing this and getting it back to higher growth is becoming more important. To increase the farmer's
profitability and agricultural output through improved management, which applies to both big and small farms? This
research aims to automate water flow monitoring and fertilizer control. Agriculture in India is practiced in
conventional ways. It is made even more unpredictable by the fact that most of our farmers are ignorant. A lot of
farming and agricultural operations are based on the forecasts which sometimes fail. Farmers lose colossal sums of
money, and at times they end their life. The mentioned factors should not be ignored since we know the benefits of
sufficient soil moisture and quality, quality of air, and irrigation on crop growth. Consequently, we have come up
with a new idea of smart farming and crop monitoring utilizing an Arduino and GSM module.
Keywords: Flow Monitoring, Soil Moisture, Fertilizer Control, Arduino.
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1. INTRODUTION e  The motivation of this project is to introduce

Paragraph: One of the few sectors where technology
has not been widely embraced is agriculture. The
perilous situation of many farmers in India and other
developing nations is one of the causes of this.
Overpopulation and urbanization are the two main
issues causing the growing shortage of agricultural
supplies. While urbanization has led to the
conversion of many agricultural lands into non-
agricultural  fields (NA) for infrastructure
construction near metropolitan centers,
overpopulation increases the overall demand for
agricultural products. In essence, the amount of
agricultural land is decreasing daily, and thus,
farming activities are also decreasing, potentially
leading to a decline in agricultural production.

technology in the farming sector, which in
turn will work for the betterment of the
farmer and to increase the production of
crops and quality.

e The role that Technology must play in the
agriculture sector is becoming increasingly
visible each passing day.

e In the given project we are aiming to
automate the Control of fertilizers, monitor
the water flow.

To address this scenario, farmers apply fertilizer to
crops after a specific period (typically several days).
However, the issue with this strategy is that, at times,
crops do not require fertilizer so early, resulting in
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excessive fertilizer consumption, while other crops
may need fertilizer slightly earlier.

To resolve this issue, this research proposes an
autonomous system that can precisely determine the
amount of fertilizer required for soil and crop health.
This helps prevent over- irrigation, which not only
wastes water but also increases the risk of crop
diseases. Also, the system minimizes the unnecessary
use of fertilizers [1]. Excessive application of
fertilization may result in heavy metal build-up,
eutrophication and accumulation of phosphates and
nitrates. Water may have excess phosphorus which
may pose a danger to the water quality. Indians still
practice farming using traditional methods. This is
further complicated by the fact that most of our
farmers are ignorant, making the process far more
certain. Farming and other agricultural activities
involve a significant number of predictions which
most times do not go according to plan. This means
that the farmers end up making big losses and in
some unfortunate moments, some of them are
influenced to commit suicide. One cannot overlook
the importance of such ele-ments of crop growth as
soil moisture, soil quality, air quality, and irrigation
[2]. To address these challenges, we have designed a
new concept of smart farming and crop monitoring
based on Arduino and GSM module. Due to its
reliability and ability to do remote monitoring, we
believe that our approach will be a norm in the Agri
industry. Our concept will focus on digitalizing
farming and agriculture processes, allowing farmers
to know crop needs and growth by projecting the
growth. This innovation can contribute to their
productivity, profitability and success in business to a
great extent. The effectiveness of such a project,
though, will heavily require the creation of awareness
among farmers, which, in our opinion, will become
possible in view of the many benefits of the system
[3]. India is an agrarian nation and second on a global
scale in terms of agricultural production. At present,
farmers are using hand irrigation to irrigate their
farms at periodic intervals. Agriculture consumes the
most amount of water, and the irrigation sector
incurred more than 70 water consumption worldwide.
Industrial and household sectors on the other hand
constitute 20 percent and 10 percent of the total,
respectively but the levels vary widely across
countries.

With population swelling daily the demand of food is
also increasing. Some of the factors that influence
crop yield are environmental problems like
unpredictable weather conditions that incur losses to
crops and farmers being unwilling to adopt new
technologies that can increase profitability in
agriculture. Even with these difficulties, agriculture
has been an important source of livelihood and is the
most important in socio-economic development of
India. To solve these problems and overcome the
existing situation, we should use technology in more
intelligent and effective applications [4].
To do this, there is a need to boost productivity of
farming. Although domestic and industrial sectors
have 10% and 20% of water consumption,
agricultural water consumption is expected to rise in
the world by approximately 20 percent in the future
without an improvement in efficiency. In a
developing nation such as India, farming is the major
activity with 47 percent of the population involved in
the business. Additionally, agriculture contributes
18% to India's total GDP.

2. RESEARCH GAP
Our concept's dependability and remote monitoring
make us think it will set a standard in agriculture. For
farmers to monitor crop needs and make precise
growth predictions, our concept aims to digitize
farming and agricultural operations. This idea would
undoubtedly help them grow their business and make
more money at the same time. Due to its many
benefits, we think it will be easy to raise awareness
among farmers, which is crucial to the project's
execution. The persistent problem was addressed by a
few other people working on related problems prior
to the proposal of this model.
The study describes the technological limitations and
problems that need to be resolved when
implementing a low-scale pilot project based on the
Internet of Things in the field of agriculture. All
phases of agricultural product development,
including food production, processing, distribution,
and retail, are conceptually outlined in this study [5].
An indigenous, low-cost, time-dependent
microcontroller-based irrigation scheduler with a
number of sensors for temperature, wind, and
moisture measurement is presented by P. A. Bhosale
and V. V. Dixit. This method creates suitable
actuators (relay, solenoid valves, motor) based on
these parameters. The recorded data is saved on a
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memory card and transmitted to the user via an SMS
via the GSM module [6].

Developments in controlled environment agriculture
and greenhouse automation: A shift to plant factories
and urban agriculture describes how different
environmental elements work together to enable
plants to flourish under different conditions [7]. The
suggested solution examines the use of system on a
chip (SoC) in WSN for monitoring and controlling
greenhouse parameters. The author also discusses
how wireless networks have advanced and how this
has led to the creation of traditional sensor nodes that
have an I/O interface [8].

Since then, agriculture has contributed significantly
to India's economic development and will do so
going forward. Throughout the agricultural process,
farmers face numerous challenges. By managing
agricultural labor instead of spending most of one's
time on crop production and maintenance, the study
aims to address the problem. This will allow farmers
to spend more time with their families and improve
the socioeconomic standard of society. Without
requiring human intervention, the proposed system
may automate the entire watering and fertilizer
channeling operation at a precise moment. The
proposed method offers a wide range of potential
applications as one of the potential results of using
technology in agriculture [9].

The uses are infinite as it depends on our imagination
and thoughts in this particular field. As human
beings, it is our duty to come up with mechanisms
and technologies that will help and contribute
towards the optimization of the utilization of the
available resources to meet the needs of the human
beings in food production. Applications are unlimited
as it is our prerogative to apply our imagination and
thoughts in this particular field. As human beings, it
is our responsibility to come up with mechanisms and
technologies that will be helpful and useful in the
maximization of the utilization of resources at our
disposal to meet the needs of humanity in food
production.

e But given the current situation, if traditional
farming methods are to be used, any
increase in production will put a strain on
the ecosystem.

But with the advent of improved farming
technology that aims to lower costs, increase
farming productivity, and produce high-
quality, high-quality products, smart farming
promises a better future.

e [t is believed that smart farming will bridge
the distance between small and big farms in
developed and developing countries. Smart
farming will likely close the divide that
exists between large and small-scale farmers
in both the developing and developed
nations.

e Agriculture is one of the few industries,
where the technology has not been adopted
on excessive scale, one of the reasons why
this is the state of most of the farmers in
India or any other developing nation. []

e The value of these technologies is known to

different countries which is why most

countries are keen on enhancing the
adoption of the new farming methods that
involve use of technology.

3. PURPOSE OF THE STUDY

The challenge is to minimize the farmer's
involvement in the fertilization process while making
effective use of it. One of the few sectors where
technology has not been widely embraced is
agriculture. The perilous situation of the majority of
farmers in India and other developing nations is one
of the causes of this. Overpopulation and
urbanization are the two main issues causing the
growing shortage of agricultural supplies [10]. While
urbanization has resulted in the conversion of many
agricultural lands into non-agricultural fields (NA)
for infrastructure development close to metropolitan
centers, overpopulation increases the overall demand
for agricultural products. In essence, farming
operations are declining along with the daily
shrinkage of agricultural land, which could result in a
decline in agricultural output.

To address this scenario, the only solution is to
increase  agricultural output by intelligently
employing resources. Precision agriculture emerged
from the need to minimize waste of readily available
resources. The traditional irrigation process consists
of a time-controlled fertilizer dispersion system,
whereby farmers will spread fertilizer following a

1JDDT, Volume 16 Issue 5, 2026 Page 969



Smart Agriculture in Irrigation and Fertilization Productivity Using loT

specific period (usually a number of days). The
disadvantage of this strategy however is that crops do
not necessarily need fertilizer at the designated time,
thus over using it, and then other crops need ferti-
lizer earlier than they would normally need it [11].

To address this problem, this study suggests an
autonomous system, which will be able to accurately
calculate the amount of fertilizer to be applied on the
soil and crops. The system assists in avoiding the
situation of over-irrigation that does not only waste
water but also predisposes crops to diseases. Also, it
decreases the volume of fertilizer applied and this
helps to curb phenomena like heavy metal build-up,
eutrophication and development of phosphates and
nitrates. Over-phosphorus of water, e.g., may be a
major challenge to the quality of water. issue lies in
the fact that the fertilizer must be used effectively and
the contribution of a farmer to the given process
should be reduced [12].

The only way to overcome this situation is to boost
agricultural productivity through  resource
management. The necessity to minimize waste of
easily accessible resources gave rise to precision
agriculture. A time-based fertilizer dispensing system
is part of the traditional irrigation process, where
farmers fertilize the crop after a predetermined
amount of time (usually a few days) has passed [13].
The issue with this approach is that certain crops do
require fertilizer a little earlier than others, and
occasionally the crops do not require fertilizer so
early, leading to excessive fertilizer consumption. To
solve this problem, this study suggests an
autonomous system that can precisely determine the
amount of fertilizer applied during soil cropping.
This helps avoid over-irrigation, which not only
wastes water but can cause illnesses within the crop.
The reduction in fertilizer usage is the second
advantage. Excessive application of fertilizer may
lead to the accumulation of phosphates and nitrates,
eutrophication and heavy metals. Excess phosphorus
might pose a threat to the purity of the water.

4. WORKING
The main aim of the project is to develop a
hardware project that will help in making smart
farming to perform high-voltage tasks like pumps,
relays, and solenoids valves without the manual
control of crops fields to check the amount of
fertilizer and water irrigation. The general thought

is that we have developed an interface that is user-
friendly and straight-forward. The components are
used on the interface are the ESP32, relay, flow
meter, solenoid valve, and 16x2 LCD. The ESP32
will be used to elaborate on how it operates. The
most significant and the most important
component of the system is the ESP32 that
regulates and governs all the other components.
The 16x2 Liquid Crystal Display (LCD) will be
used to show the quantity of fertilizer applied in
the field or the quantity of water flowing in the
soil. The LCD interface has buttons, which enable
the farmer to feed the correct amount of water to
be released into the field, and the amount of
fertilizer to be released into the soil. The relay is a
switch that is controlled by electricity which is
attached to the ESP32. We can also send the
required current to the solenoid valve to either
open or close it when it is necessary to open a
solenoid valve to make water or fertilizer flow
through. This is achieved through the code that is
loaded in the ESP32.

DS1307 EXTERNAL CLOCK EXTERNAL CLOCK

Figure 1. Automated Fertilizer Dispenser System
Architecture.

5. PROTOTYPE OF

DISPENSER

Figure 2 shows the complete hardware
configuration for the fertilizer dozer system. Here
is a breakdown of the visuals.

5.1.1. Control Circuit Board
A standard PCB (perforated board) with inserts
such as:
Microcontroller (possibly ESP8266/ESP32 or
similar board for automation). Relay module

FERTILIZER

(visible in blue) for switching external devices,
other different electrical components for the
circuit.

5.1.2. Teaching Modules
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LCD screen displaying parameters such as
"Channel 1" and "ML" (possibly representing
volumes in milliliters).
Solenoid valve and flow sensor system
As seen in the previous figure, the green pipe
connects the solenoid valve and the flow sensor,
which is important for flow control and
measurement.

5.1.3. Combination of features
Multiple  wired connections connect the

components, meaning sensors, actuators and
micro-controllers are integrated for automatic
control.

This system may be designed to provide an
accurate amount of water (chemical) in an
irrigation system or similar.

Figure 2. Prototype of fertilizer dispenser.
This is the way that the proposed method fertilizes
the field exactly. The technology will help farmers
to apply the required amount of fertilizer or water
only, and the farmer will not overuse the fertilizer,
which may bring problems.

5.1.4. Solenoid Valve
Figure 3 shows an arrangement involving green
plastic pipe, which is secured with a metal hose
clamp. It is seen connecting an electric solenoid
valve (left) and a flow sensor (right). These
components can be part of a water management
system, perhaps for water or other liquids. A
solenoid valve controls the flow rate, while a
sensor sensor measures the flow rate or quantity.

Figure 3. Solenoid valve for fertilizer dispenser.
6. SMART FERTILIZER CONTROLLER
This figure 4 appears to be another view of the
fertilizer dosing system setup. Here's a detailed
analysis:
6.1.1.  Fertilizer Container
Clearly labeled "FERTILIZER (N.P.K.)", it acts
as the source reservoir for the liquid fertilizer.
The green pipe is connected to extract the
fertilizer for dosing.
6.1.2. Electronics Board
The custom PCB with a micro controller and relay

module is central to controlling the system. The

LCD screen shows operational parameters, likely

related to flow rate, volume, or dosing control.
6.1.3. Dosing Mechanism

The green pipe integrates the solenoid valve and

flow sensor, ensuring controlled delivery of

fertilizer.

Figure 4. Smart Fertilizer Controller.
7. SMART FERTILIZER PUMP WITH
CIRCUIT INTEGRATION
System figure 5 shows displaying all components
in a functional layout.
7.1.1.  Flow of fertilizers
The pipe system (green tube) is connected to a
flow sensor and a solenoid valve, monitoring and
measuring the flow rate. The black bottom of the
output shows leakage, possibly after calibration
and control.
7.1.2. Resources Used
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The control PCB, as seen earlier, contains a micro
controller, a relay, and an LCD screen. The LCD
continuously displays operating information,
which may include flow rate, volume, or system
status. Fig: - Flow Chart Of the Fertilizer
dispenser

Figure 5. Smart Fertilizer Pump with Circuit

Integration.
8. RESULT AND DISCUSSION

In this proposed work we have upgraded the
previous research done of the paper Automation
in Agriculture and IoT in which various sensor
were used to check the condition of the soil and to
find the lacking nutrients required for sowing the
soil, and also to check which nutrients are in
excess so that we can adjust the dispensing of the
said nutrients to have balance. What we have done
in this proposed system is build the automation
system for dispensing of the required fertilizer and
the wvarious nutrients. This system can be
combined with the previous papers to fully
automate the whole process from checking the
requirement of the nutrients and fertilizer in the
soil to plan the when to provide the fertilizer to
the soil.

Before spray After spray

\ 2 AN ——— ~ ' “/ - ‘,

Nitrogen (N): The actual amount of nitrogen
dispensed was constantly less than what was
needed. In Week 1, the mistake was 3.8%, and in
Week 5, it was 20.5%. This implies that there
were calibration issues at higher loads since the
system became highly under-dispensing at
increasing fertilizer demands.

Phosphorus (P): Phosphorus had the largest
percentage change at 12.5% (Week 1) to 22.2%
(Week 5). Each week the system incorrectly
dispensed P significantly, which highlights the
need to have more control mechanisms that are
more accurate to achieve a perfect dosing of low-
quantity nutrients.

Potassium (K): Potassium dispensing was
relatively more precise as compared to N and P.
The error variability was 3.3% in Week 1 to
12.5% in Week 5. Even under-dispensing, the
system was more in line with requirements than
Phosphorus.

The proposed system has largely utilised the
hardware component and do not involve the IOT
in depth that could have rendered the entire
procedure complete with remote device which
would be a mobile phone. The reason we have not
included the Wi-Fi module component of the
ESP32 is simple because of lack of the
infrastructure required to use the Wi-Fi module.
The presence of the Wi-Fi module will have the
prerequisite of 24 hours electricity which is still
an issue in the rural area of India. As a result, the
proposed system still requires the presence of the
farmer.

Required fertilizer
120

100
80
60
40
20

fertilizer in Kg

Number of week

Figure 7. Number of week vs required fertilizer in
Kg.

Actual fertilizer

100
Kk
P =N
f o
£ K

Number of Week
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Figure 8. Number of week vs Actual fertilizer in Kg.

Table 1. Weeks VS required and actual
fertilizer

Time Required fertilizer | Actual fertilizer
(Week | inKg in Kg

N P K N P K

Week |78 | 40 60 75 | 35 58

Week |83 | 42 65 77 | 36 61

Week | 88 | 45 70 80 | 38 65

Week |98 | 50 75 82 |40 68

Week |10 | 85 54 42 | 80 70
5 7

Trend Analysis: The error percentage increased with
growth in fertilizer demand of all the three nutrients.
This suggests that as the load on a system increases
the accuracy of the system decreases and this may be
due to lack of feedback correction or the constraints
of the dispensing mechanisms.

CONCLUSION

By partially automating fertilizer application, the
suggested hardware-based automation system shows
promise in lowering farmer intervention. But by
Week 5, it starts to under-dispense nutrients,
particularly phosphorus and nitrogen, with mistakes
exceeding 20%. Although it was still erratic,
potassium delivery was relatively more dependable.
Consequently, the proposed technology makes it
possible to automate fertilizer application in the field
without requiring human intervention. The proposed
approach is a first step in the vast field of fusing
technology and agricultural practices to create better
methods that will help farmers increase -crop
productivity and make the most use of available
resources. Demand can only be met in light of the
rapidly growing population if we enable both large
and small farmers to profitably adopt improved
agricultural practices that make use of technology.
Since farming area is limited and cannot be expanded

due to the growing human population, the desire for

more food has forced us to search for ways to

increase agricultural productivity. Therefore, the

proposed approach was developed to provide a

solution to the issue farmers face when applying

fertilizer to crops, freeing them up to concentrate on
other aspects that would help increase output.
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