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Article Information Abstract

Received: 06/03/2024 Recent advances in smart agriculture, facilitated by the Internet of Things
. . (IoT), are revolutionizing traditional farming methods and transforming
Revised: 20/03/2024 them into efficient practices. IoT technology has been widely applied in

Accepted:05/04/2024 greenhouse management, enabling the seamless exchange and transfer of
Published: 30/06/2024 large data sets. Smart agriculture integrates information and
Keywords: communications technology to innovate traditional agricultural methods,

promising benefits such as increased productivity, reduced costs through

IoT agriculture, IoT reduced resource use, labor efficiency, and improved product quality. Our
greenhouse, IoT smart study focuses on using sensors to monitor soil moisture, temperature, and
. light for optimal plant growth. An experiment was conducted on growing
farm, Internet of Thing three types of radish plants in a smart greenhouse using an Internet of
greenhouge, and Internet Things system and a traditional greenhouse. The study took
approximately 50 days, and the results were compared with the
cultivation methods used in traditional greenhouses. The ratio of wet
weight to vegetative growth was impressive and good. Meanwhile, it was
Corresponding Author lower in traditional greenhouses. As for the wet weight of the roots, the
smart greenhouse significantly outperformed the traditional greenhouse.

of Thing agriculture.

E-mail: The average weight recorded in the smart home was 4.8873 grams, while

mohammedi.lafta@st.tu.edu.iq in the traditional greenhouse, it was 3.2953 grams. These results confirm

Mobile: 07731989725 the potential of [oT technology to enhance agricultural productivity..
Introduction:

Agricultural production and food security are anticipated to be substantially influenced by
climate change [1, 2]. The development of agricultural production is substantially impacted by
factors such as urban population concentration, climate change, crop diseases, and greenhouse
gas emissions. These challenges underscore the imperative to address the escalating
requirements for energy and food. The regions of the Middle East, which have limited water
resources, will be especially susceptible to the effects of climate change [3, 4] . Agriculture is
among the most significantly impacted industries since crop development is predominantly
influenced by soil humidity, temperature, and relative humidity [5]. Irrigation is essential for
agricultural production to supply the water needs of crops grown in greenhouses. Poor
irrigation scheduling and improper use of water resources are common factors that limit
production in various agricultural areas [6]. Wastage over-irrigation can sometimes lead to
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diseases in crops. Soil moisture, Temperature, and Relative humidity along with light
illumination around the plant are also key parameters to control [7]. Over the last decade,
Internet of Things technology has been extensively utilized for greenhouse environmental
monitoring and control [8]. In regions with severe climates, greenhouses provide the ideal
environment for increasing crop yield and quality due to their controllable nature [9].

IoT implementations in the agricultural sector consist of greenhouse production, precision
agriculture, and management of agricultural apparatus [10]. Smart Farming is a novel concept
in agriculture that aims to revolutionize food management and production. Smart Farming can
be seen as the advancement of Precision Agriculture. Smart Farming attempts to enhance
productivity and enhance the quality of the end output while decreasing production costs [11].
Sensors are crucial for gathering environmental data in greenhouse farming. Multiple sensors
gather different environmental data. Sensors need to have minimal power consumption and be
cost-effective to implement under normal operating conditions [12].

Agricultural environment monitoring has become a crucial field of control and protection
providing a real-time system with the physical world [13]. Implementing state-of-the-art
technologies in the agricultural sector to increase the output's quality and quantity constitutes
intelligent agriculture. It enables farmers to increase yields while reducing resource
consumption [14]. Several previous studies that have used IoT technologies in smart
agriculture are reviewed, including the proposed and implemented use of [oT in smart
greenhouses and some of these studies. Nafis Sadique Sayem, et al. proposed an [oT-powered
smart agro-farm security system. the system identifies unlawful access and sends real-time
alarms to the farmer's residence and mobile device [15].

Al-Alj, A. R, et al. proposed a system that uses a single-board system-on-a-chip controller
(the controller) with Wi-Fi and a solar cell for power. The controller reads field soil moisture,
humidity, and temperature sensors and sends irrigation pump actuation commands [16]. Amit
Kumer Podder, et al. proposed an Internet of Things (IoT)-enabled Smart AgroTech system that
takes into account soil moisture, humidity, and temperature as essential agricultural
parameters in the context of urban agriculture. The proposed system determines whether to
initiate or discontinue irrigation [17]. Gilroy P. Pereira, et al proposed The ESP32 was utilized
in the development and testing of an IoT-enabled automated drip irrigation system. To gather
water data, manually water plants, deactivate the automated watering function and generate
graphs derived from sensor readings, the ESP32 establishes communication with the Blynk
application [18]., et Rho, Jeong-Min, et al proposed The developed a smart greenhouse system
that allows anyone to effortlessly grow plants indoors, even without any expertise in the field.
Our system takes into account the key factors that affect plant growth, such as temperature,
humidity, and soil moisture. Incorporating Raspberry Pi and Arduino, the system effectively
monitors the greenhouse's condition using sensors [19].

This paper proposes the design and implementation of a low-cost IoT-based global
warming, soil moisture, and light intensity monitoring system, which is connected to an ESP32
device. Where it differs from previous studies is that it is based on the Internet of Things. The
system includes measuring parameters: soil moisture, greenhouse temperature, and light
intensity. Previous studies did not work on these criteria.
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Methodology:

Real-time monitoring of greenhouses makes IoT infrastructure in the agricultural field
more complex [20, 21]. The ESP32 router connects the sensors in the proposed system. A
DHT22 device was used to measure temperature, a soil moisture detector to measure moisture
content in the soil, and an LDR to measure light intensity. Figure 1 shows the final design of the
proposed system after connecting all the sensors to the ESP32, the soil moisture sensor, the
greenhouse temperature sensor, and the light intensity sensor. In this paper, [oT-based smart
agriculture is used to monitor a smart greenhouse model. An ESP32 device is placed that
controls temperature, soil moisture and light intensity. The smart decision is made based on
the real information coming from the greenhouse. This is to help farmers by monitoring
environmental conditions in greenhouses. The goal of IoT-based smart agriculture technology
is to control temperature, humidity, and light intensity. The ideal threshold values were used
to compare with the readings received from the sensors based on consultation with an expert
in the field of plants and knowledge of the ideal values for the plant in terms of temperature,
moisture of soil, and light intensity.

Fig. 1 Design of the proposed system.

Figure 2 shows a flowchart of the sensor control mechanism connected to the ESP32. It
serves as a representation of the sensor control mechanism by reading and processing data by
the ESP32, which then compares the sensor data reading with the threshold value that has been
memorized to determine whether to turn the pump on or off. A soil moisture sensor was used
to monitor the moisture level in the soil. It measures the humidity and compares it to the value
stored in the ESP32. When soil moisture drops to 46y or less, the ESP32 activates the irrigation
pump. The irrigation pump will be stopped if the soil moisture level exceeds 46. A DHT22
sensor connected to the ESP32 has also been used to regulate the heating and cooling processes.

The ESP32 controls the operation of the heater inside the smart greenhouse if the sensor
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reading coming from the greenhouse is below 23°. To raise the temperature to the ideal
threshold level stored in the ESP32, but if the temperature rises to more than 23°, the cooling
fans are turned on and continue to work until the temperature drops to the required level. An
LDR sensor was also used to illuminate the greenhouse and provide sufficient light rays to
continue the process of photosynthesis. If the light intensity is less than 300ohms, the lighting
will turn on, and if it is more, it will turn off. The process is repeated throughout the system's
operation, and the optimal threshold values for comparison can be changed at any time to
provide optimal conditions for plant growth.
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Fig. 2 The flowchart of the proposed system.

Proposed system:
In this section, the architecture of the proposed system is described. Figure 3 shows the
internal components of the system, including the connections between the sensors and the
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Esp32 on the board to protect the device. Esp32 is integrated into the circuit and connected to
a 24-hour power supply. By connecting the ESP32 outputs, the soil moisture sensor is
connected through the PCV port to read soil moisture data, and through port 35 the irrigation
process can be regulated by turning on or off the irrigation pump. Port 25 of the ESP32 is
connected to the DHT22 sensor to turn on or off the heating and cooling systems through port
33 for heating and 32 for fans. An LDR sensor was also connected to control the light intensity,
and ports 13 and 12 were used to connect it to the ESP32, and the lighting work is regulated
based on the light intensity reading. So it turns on during the night and turns off during the day.

Fig. 3 Internal components of the system.

Figure 4 shows the smart greenhouse. The proposed system has been developed, where
watering is done through distillation and heating and cooling is done through heating and
cooling devices.

—~—

Fig. 4 Deployment of smart greenhouse.

Results and Discussion:

Two greenhouses were created. The first “smart” greenhouse is equipped with a system
equipped with sensors that can measure the temperature of the greenhouse, and the level of
soil moisture, and control the turning on and off of lights inside the greenhouse. Three varieties
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of radishes were grown: the first variety is a Dutch variety, which has the symbol A, the second
variety is a Syrian variety, which has the symbol B, and the third variety is an Italian variety,
which has the symbol C in both. After picking the fruits from both greenhouses, the results were
compared. The traditional greenhouse has the symbol (TG), and the smart greenhouse has the
symbol (SG). It is necessary to analyze the project results to differentiate between them. For the
proposed system, an examination of results for conventional and smart greenhouses was
conducted. The SPSS program was used to perform statistical analysis of the results for each of
the proposed categories, and each of the attributes and the proportions of each attribute were
discussed.

» Average wet weight of vegetative growth: Table 1 shows the effect of global warming on
the wet weight characteristics of vegetative growth. The statistical data indicates that
greenhouse-type SG produced superior results compared to greenhouse-type TG, as evidenced
by the average moist weight of vegetative growth reaching 1.2676mm. It was superior to the
greenhouse-site interaction TG, and the average wet weight of vegetative growth was lower,
reaching 1. 2282mm. It is clear from here that the ideal temperature factor and the amount of
light have greatly influenced the vegetative growth of the plant.

Table 1: Average wet weight of vegetative growth.

A B C Average

SG 1.2087 1.2950 1.1810 1.2676

TG 1.2903 1.5533 0.9590 1.2282
Average 1.2495 1.4242 1.0700

» Average root weight: Table 2 shows the effect of global warming on the greenhouse and the
average root weight. SG showed the largest root weight value of 3.6339y, significantly superior
to the TG, which gave the lowest root weight value of 2.1913g. It is clear from here that the ideal
temperature and soil moisture factors have a significant impact on the root weights of the plant,
as there was a significant difference in production.

Table 2: Average root weight.

A B C Average

SG 2.8557 3.1587 4.8873 3.6339

TG 1.8313 1.4473 3.2953 2.1913
Average 2.3435 2.3030 4.0913

Conclusion

The use of the Internet of Things in the agricultural field has become very important
because it will lead to knowledge of plant requirements. Farmers often suffer from fungal
diseases, due to a lack of knowledge regarding soil moisture, as well as changes in temperature
and the amount of light the plant needs, which may affect crop productivity and quantity.
Therefore, this study was conducted that focused on implementing an loT-based smart system
to control temperature, soil humidity, and light amount in greenhouses, where sensor data is
obtained - which captures vital parameters such as soil moisture, smart greenhouse
temperature, and light amount of light. Light - is acquired and sent to the ESP32 for analysis
and comparison with the ideal stored values to decide whether to turn on or off the pumps.
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Powered by IoT technology, this proposed system provides accurate measurements and
insights. There was a difference in the wet weight of roots: the smart greenhouse showed a
good advantage in terms of average root weight and wet weight of vegetative growth. It turns
out that the plants were good because they had the ideal conditions. The loT-based system
created the ideal conditions, from providing soil moisture to the ideal temperature to providing
the right amount of light. Comparison between the smart greenhouse and the traditional
greenhouse: Through the results, it was proven that the smart greenhouse. As it relies on data
to make decisions. By experimenting with the proposed model, smart greenhouses can be
implemented realistically, leading to resource conservation, rationalization of water
consumption, and increased productivity. In the future, we hope to develop the proposed
system and add more sensors, such as soil alkalinity or acidity sensors, and a distance sensor
to avoid crop damage by animals.

Future Works

We faced several challenges while working on this paper, including soil salts resulting from
the alkalinity of the water. In the future, we aim to integrate a water salinity and acidity sensor
into the system so that it can detect the percentage of alkalinity and acidity that affect the soil
using special sensors. We also hope to use a distance sensor to alert farms when animals
approach greenhouses to avoid crop damage. We expect that it will help achieve a balance
between the alkalinity and acidity of the soil, and protect plants from animals. Which leads to
ideal plant growth and increased productivity.
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