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Abstract— The introduction of technology into the field of agriculture has led to a gradual decrease in manpower. 

Production has been increased with technology. With the increase in production in greenhouses, the need for 

control and monitoring has increased. When the automation system in a greenhouse is mentioned, it is understood 

that it is an application in which technologies from different branches such as agriculture, forest, construction, 

machinery, electrical-electronics, software and communication engineering come together. By applying all these 

engineering works to a greenhouse, climate conditions suitable for plants are created and the productivity of the 

product to be obtained is ensured. Peripherals inside and outside the greenhouse; It consists of systems such as 

heating, ventilation, cooling, shading, fogging, irrigation-fertilization. In the study carried out, environmental 

units inside and outside the greenhouse; heating, ventilation, cooling, shading, fogging, irrigation-fertilization 

were made. Thanks to this, a 15% increase in productivity has been achieved. 
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I. INTRODUCTİON 

  During its establishment, regardless of the ambient conditions, in case of necessity, by keeping 

the temperature, soil-moisture ratio, lighting amount and air movements under control, to provide the most ideal 

environment for plants to continue their vital functions by making photosynthesis, to produce the seeds, seedlings 

and saplings of various cultivars and their seeds, seedlings and saplings, plastic etc. Structures that are covered with 

a light-permeable cover material and that can be moved easily inside are called "greenhouses" [1-5]. Another 

definition of greenhouse is as follows. They are the structures in which an optimal environment is created for the 

plants grown in the periods when the outdoor conditions are not suitable for the growth of the plants grown inside 

[6]. The greenhouse is shown in Figure 1.1. 

 

 
Figure 1.1. Greenhouse. 

 

  Plants placed in various parts of the greenhouse in order to create the environment required by 

the plants with factors such as the temperature (°C), the amount of light, the soil-moisture ratio, the amount of 

moisture in the greenhouse and the amount of fertilizer for the stages such as growing the plants planned to be 

produced in the greenhouse and growing and maturing the plants. The whole of the systems used with sensors and 

electronic materials depending on a certain computer programming language is called greenhouse automation [7,8]. 

In Figure 1.2, some systems of greenhouse automation are given by visualizing. Greenhouse automation is shown 

in Figure 1.2. 
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Figure 1.2. Greenhouse automation 

 

The main goal in the establishment of greenhouses is to provide the most ideal environmental conditions 

for the products planned to be grown in the greenhouse and to create a growing environment free from negative 

factors by controlling the growth of these products at the maximum level. Since it is very difficult to control the 

climate outside the greenhouse, it is necessary to control the indoor climate. In order to control the climate inside 

the greenhouse, it is necessary to make the plants feel as if they are outside by keeping the internal volume of the 

greenhouse large enough. In addition, climate control in the greenhouse is provided by many methods such as 

automatic ventilation according to the temperature level in the greenhouse, CO2 release to the environment where 

the plant is located, and shading curtain controls to reduce the radiation level that causes the increase in the 

greenhouse temperature, and thus, the product efficiency from the plants is ensured. increased [9]. 

With the ventilation system, the plants in the greenhouse feel as if they are outside, and the CO2 gas that 

the plants need for photosynthesis enters into the greenhouse. Another importance of aeration is to make the plants 

transpiration [10]. With good ventilation, it is possible to reduce the temperature inside the greenhouse by 2-3°C 

compared to the temperature outside the greenhouse. Adjusting the relative humidity in the greenhouse can also be 

done by ventilation [11]. One of the most important values needed for healthy ventilation in the greenhouse 

established in a suitable place in terms of physical and geographical location is the number of changes in the air per 

hour. The number of air changes should be 50-60 in a greenhouse covered with plastic sheeting, and approximately 

40-50 in glass-covered greenhouses. Under normal conditions, the number of air changes is between 15 and 30 

[12]. Figure 1.3 shows the ventilation system in greenhouses. 

 

 
Figure 1.3. Ventilation in greenhouses. 

 

The main task of the heating process in greenhouses is to distribute the heat evenly inside the established 

greenhouse. The heating process is also of great importance in terms of the quality of the product to be grown in 

the greenhouse, the development time of the product and the amount of product to be obtained [13]. In order for 

the plants in the greenhouse to complete their development, the temperature inside the greenhouse must be kept at 

certain levels.  

In addition, greenhouses should be heated in the winter and cooled in the summer [14]. It is of great 

importance that the heating project determined before the heating process is applied to the greenhouses is fully 

adjusted and that the investment costs in greenhouse construction are reduced and the energy savings to be made 

are well calculated.  
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Subsequently, the type of greenhouse to be built and the maximum heat power requirement (Watt (W), 

Kilowatt (kW) or Megawatt (MW)) should be determined, depending on the type of greenhouse to be built and the 

equipment to be used while the greenhouse will be built, considering the external environmental conditions of the 

place where the greenhouse will be established.  

While making the calculation, the required outdoor temperature value is determined based on the average 

of the lowest temperature (°C) obtained 2 times in a row within the minimum 10-year climate values. This 

temperature value obtained is the highest heat power value that occurred during the year. Thus, it is possible to 

meet the heat energy required by the greenhouse throughout the year. However, the highest heat power value is 

needed at a very short time during the year. For this reason, knowing at what time of the year the heat power 

repetitions occur will enable projecting according to more realistic values [15]. While the heating process is carried 

out in the greenhouses, the distribution of the heat into the greenhouse is by conduction (contact), convection (air 

flow) radiation and electromagnetic waves (radiation). As the temperature difference, the inside of the greenhouse 

should change by a maximum of 5-8°C during the day, and the temperature should not be less than 15°C on cold 

days when the weather is bad, and not more than 30°C on hot days when the weather conditions are good. In 

addition, it is necessary to heat the greenhouse in winter [16].  

In cases where the temperature inside the greenhouse is more than 27 ºC, the artificial cooling process is 

done by the fan etc. in the system. If the temperature inside the greenhouse is below the specified temperature 

(27ºC), natural ventilation will prevent the greenhouse from getting too cold. When the average outdoor temperature 

is below 27ºC, natural ventilation will prevent excessive increase in indoor temperature. The temperature inside the 

greenhouse should not exceed 30-35ºC in the long term. Temperatures above 35ºC cause damage to the vital 

functions of the plants. Likewise, excessive decrease in soil temperature in the greenhouse stops plant development. 

Since the temperature demands of the plants planned to be grown in the greenhouse are at different degrees, it is 

very important to pay attention to these situations in terms of aquaculture [17].  

Plants should be in environments where there is plenty of light and temperature is not too high during the 

stage when they emerge from seeds and become seedlings. The temperature values required for optimum growth 

from plants show between 12-30ºC. Temperatures below 12ºC reduce the germination power of plants. In addition, 

if it is below 0ºC, the plants freeze [18,19]. Figure 1.4 shows the heating system in greenhouses. 

 

 
Figure 1.4. Heating in greenhouses 

 

Water, which is vital for plants, can be supplied in different ways for plants grown outdoors, but for plants 

grown in greenhouses, it is provided only by irrigation. Irrigation is provided by many methods in greenhouses. 

With the development of technology, surface irrigation method has been abandoned and surface irrigation has been 

replaced by new technological irrigation methods. The most widely used of these methods are drip irrigation 

methods, as they have superior aspects to other methods.  

The convenient supply of the materials used for the drip irrigation method in our country and the 

importation of them when necessary has increased the spread of the drip irrigation method. In order to prevent 

water stress, which will affect the quality of the plants grown in the greenhouses and the yield obtained from them, 

an applicable irrigation plan is required to apply the water needed by the plants grown in the greenhouse during the 

growth phase, in the required quantities and times. However, although there are monitoring techniques developed 

depending on the external environment (soil, climate) for irrigation planning, these monitoring techniques are not 

at the desired level for greenhouse cultivation in our country. 

In general, producers plan the irrigation process by making visual estimations. In this case, the substances 

needed by the plants (water and fertilizer) are not used enough and some problems (increase in ground water, 
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drainage problem, etc.) occur. In addition to these, the quality of irrigation water should be determined scientifically 

so that there is no decrease in the yield to be obtained from plants [20,21].  

There are many irrigation methods in greenhouses from past to present. These irrigation methods are generally 

made as Drip Irrigation, Sprinkler Irrigation, Furrow Irrigation and Capillary Irrigation. Figure 1.5 shows the 

irrigation system used in greenhouses. 

 

 
Figure 1.5. Irrigation in greenhouses 

 

Light is a must for both plants grown outside and plants grown in greenhouses. In the photosynthesis event, 

which plants do for the continuation of their vital functions, they need light in order to take CO2 (carbon dioxide) 

and water in the environment and combine them to produce a product. As it is known, plants generally provide their 

light needs from the sun, which is a natural source of heat and light, but this is achieved with an artificial lighting 

system in greenhouses on days when the weather conditions are unfavorable and at night when the sun is not 

present. [22-24].  A sample picture of greenhouse lighting is given in Figure 1.16. Figure 1.6 shows the lighting 

system used in greenhouses. 

 

 

 
Figure 1.6. Lighting in greenhouses. 

 

II. MATERIAL AND METHOD 

In the study, it was aimed to increase the productivity by irrigation and fertilization according to the 

needs of the plant grown in the greenhouse. While doing this, the possibility of remote monitoring and control is 

provided. Greenhouses are outside the residential areas. For this reason, it is very costly to go and irrigate. With 

the automation system developed in this study, remote irrigation and fertilization were performed and the costs 

were minimized. The general study of the study is shown in Figure 2.1. 
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Figure 2.1. General operation. 

 

As a result of the study, irrigation and fertilization were carried out in the greenhouse. For this, 3 

fertilization tanks and one acid tank were used. Fertilization and irrigation necessary for the plant were carried out 

from here. Figure 2.2 shows the implemented system. 

 

 
Figure 2.2. Implemented system. 

 

Microcontroller was used in the study. With the microcontroller, indoor and outdoor temperature and humidity 

values are displayed instantly. At the same time, irrigation valves are controlled. Figure 2.3 shows the control card 

used in the system. 

 

 
Figure 2.3. Control card. 

 

The biggest feature of the study is that it can work with a mobile application. Today, there is no one left 

without a mobile phone. Mobile application is designed because mobile phones are always with us. With the 

mobile application, the system can be monitored and controlled at any time. The mobile application interface is 

shown in Figure 2.4. 
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Figure 2.4. Mobile interface. 

 

The implemented system can also be controlled by the internet. This increases the accessibility of the system at 

all times. The internet interface of the system is shown in Figure 2.5. 

 

 
Figure 2.5. Device interface. 

 

III. DISCUSSION 

With the work done, remote control and monitoring of the greenhouse was provided. In this way, 

productivity has increased. At the same time, crop costs were cut. Greenhouses, as is known, are located outside 

the settlements. This causes travel expenses every time. The greenhouse is used for irrigation. This causes in path 

and time. These costs have been minimized by the study. 

With the study, productivity increase was achieved in the water used in the crops. An average of 2 liters 

of water was saved per day. Figure 3.1 shows the average daily water efficiency. 

 

 
Figure 3.1. Average daily water efficiency. 
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With the implemented system, savings were achieved in the amount of crops. A productivity increase of 

approximately 7 kilograms has been achieved in the amount of crops. Figure 3.2 shows the productivity increase 

in crop quantities. 

 

 
Figure 3.2. Productivity increase in crop quantities. 

 

IV. RESULT 

As a result of the work carried out, remote monitoring and control of the greenhouse was provided. Thanks 

to this, productivity gains were achieved in the greenhouse. Both the greenhouse water consumption decreased and 

the number of crops increased at the same time. Savings were achieved in the expenses used for greenhouse control 

and monitoring. A great deal of savings has been achieved in costs, especially for irrigation and control. 
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