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Abstract:



One of the most important factors for successful agricultural production is the irrigation system in place. In this study, a precision irrigation system, which takes advantage of the various phases of plant growth, was developed and implemented using the sensor network technology integrated with IOS/Android. The amount of water in the soil was measured via sensors that were placed on certain points of the area to be irrigated. These sensors were placed near the root of the product. Data from sensors was transmitted via Wi-Fi in real-time to a mobile phone based on IOS/Android. In the light of obtained data, the seasonal precision irrigation system was created depending on the amount of water required by the plants at each stage of their growth stage. The required energy of the system was provided by solar energy. The system can be controlled by smart phones, which increases the usability of the system. When design performance was analyzed, it was observed that some important advantages such as obtaining high efficiency with water, time and energy saving and reducing the workforce were ensured. Five separate laterals were used for the irrigation system. There were valves on each lateral, which realized the opening and closing process depending on the water need. A total of 16 humidity sensors were used in the irrigation system and the data from these sensors was transferred to the IOS/Android server via the programmable controller (PLC). The basic electrical equipment in the irrigation system was monitored and controlled via mobile devices. Control parameters were obtained by comparing the real values and reference values by a closed-loop system and determine the new working status of the irrigation system.
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1. Introduction


Turkey is an agricultural country. Turkey and many similarly agricultural countries have great problems in the irrigation process due to a scarcity of water resources. Although major changes and improvements have been seen in Turkey’s agricultural policies, the overconsumption of water resources exacerbates the problem. The export situation resulting from the plants grown and influencing the quality directly reveals the importance of water consumption [1]. The agriculture in Turkey needs more assistance for farms and farmers, more advanced research in recent available agricultural technologies, more automation, and more testing and applying new methods of study, analysis, and mechanization.



The soil moisture sensor measures the amount of moisture in the soil. The measurement is done by immersing probes on the sensor. The depth of measurement may vary depending on the plant species. This means that the probes are close to the root of the plant. The working principle of the soil moisture sensors is that there is a voltage difference between the tips of the probes due to the resistance of the soil. Increasing the amount of moisture (wetness) in the ground increases its conductivity. Thus, the amount of moisture is measured according to the magnitude of the voltage difference.



The requests to use information technology to a larger extent in irrigation systems are increasing by the day. Many technological methods are used in irrigation systems [2,3,4,5,6]. When these methods are considered, using smart phones and tablets has become widespread. Becoming a small computer system, wireless and portable structure, operating fast and having the wide memory capacity are important factors to spread the use of these devices. These factors make the use of mobile devices attractive for many applications such as environmental controls, health service monitoring, security, transportation and automation [7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25].



This paper studies the application of Precision Irrigation (PI) using sensor network technology (SNT), which emerged as a management practice with the potential to increase profits by utilizing more precise information about agricultural resources through sensing and communication technology in Turkey and takes the crops as a specific example for investigating a possible PI solution using Sensor Network Technology (SNT) integrated with IOS/Android application.



The application is an automated agricultural irrigation system, which is controlled on mobile devices based on IOS/Android and is capable of monitoring the irrigation levels. The mobile device software was defined as agRapp. The system measures the water quantity of the soil via sensors placed at different points near the roots of products and transmits the data via PLC to mobile devices. Thus, the operating status of the irrigation system is defined according to the water level inside the soil.



The most important property of this study, which differentiates it from previous studies, is defining the required water level by product depending on growth stages. Initially, during crop development, mid-season and late season stages, the system defines the required water level through developed software. Moreover, alternative energy resources are used to meet the required energy level. It has already been known that solar power reduces the energy cost [26,27,28,29,30,31,32], therefore solar power was used in this study.



Today, using water efficiently in agricultural irrigation systems is very important. Although this situation may lead to the development of different irrigation systems, it is still necessary to increase the efficiency. For this reason, the development of an irrigation system that takes into consideration the periodic water needs of the plants as well as the water condition of the soil gains great importance. In addition, the plant’s water need should be monitored continuously, not instantaneously. In this study, an automatic irrigation system was developed which can be monitored and controlled via mobile devices. In this system, in addition to the seasonal water needs of plants, irrigation is carried out by taking into account the continuous values taken from the humidity sensors.




2. Irrigation System


The amount of water that needs to be used should be calculated as accurately as possible in order to make irrigation projects more effective. Essential for calculating the irrigation water requirement is knowledge of evapotranspiration [33,34]. The storage and capacity of the system transmission structure are projected and constructed according to this knowledge. The healthy way for calculating of evapotranspiration is to use one of the direct measurement methods. However, researchers have developed analytical equations that can be used to estimate the evapotranspiration due to the high cost and time demands of the direct measurement method.



The United Nations Food and Agriculture Organization (FAO) recommends the Penman Monteith method to determine the crop water requirement for assisting the sizing of the irrigation projects in developing countries. It is aimed to calculate the healthy evapotranspiration with the crop coefficient (kc) determined by the climate and soil data of the irrigation area. The reference evapotranspiration (ETo) has been used, and required climate data has been obtained from the website of the Turkish State Meteorological Service (www.mgm.gov.tr) in order to use the FAO Penman Monteith method [33].
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Here, ETo: Reference evapotranspiration (mm day−1), Rn: Net radiation (MJ m−2 day−1), G: Soil temperature flux density (MJ m−2 day−1), T: The average daily air temperature (°C), u2: 2 m height wind speed (m s−1), es: Saturated vapor pressure (kPa), ea: Actual steam pressure (kPa), Δ: The slope of the vapor pressure curve (kPa/°C−1), γ: Psychometric constant (kPa).



Climate data obtained from the meteorological station 17084 belongs to Çorum/Center and is shown in Table 1 and Table 2. This data is used to define the water requirement necessary for crops to be grown.



Table 1. Çorum/Center climate/ evapotranspiration (ETo) data.







	
Country

	
Çorum

	
Latitude

	
40.37 °N

	
Longitude

	
Station

	
Merkez




	
Altitude

	
840 m

	

	

	
34.53 °E

	

	




	
Month

	
Avg. Temp °C

	
Humidity %

	
Wind km/day

	
Sun Hours

	
Rad MJ/mm2/day

	
ETo mm/day






	
January

	
−0.6

	
76

	
1

	
1.9

	
5.3

	
0.39




	
February

	
1.1

	
74

	
2

	
1.9

	
6.9

	
0.58




	
March

	
4.9

	
67

	
2

	
3.4

	
10.8

	
1.08




	
April

	
10.5

	
62

	
2

	
3.2

	
12.9

	
1.70




	
May

	
14.9

	
61

	
2

	
4.1

	
15.6

	
2.41




	
June

	
18.4

	
57

	
2

	
7.0

	
20.3

	
3.32




	
July

	
21.0

	
52

	
2

	
13.5

	
29.0

	
4.72




	
August

	
20.8

	
53

	
2

	
14.9

	
29.0

	
4.56




	
September

	
17.0

	
57

	
2

	
12.2

	
22.2

	
3.06




	
October

	
11.8

	
62

	
2

	
8.8

	
14.5

	
1.57




	
November

	
6.6

	
70

	
2

	
4.5

	
7.7

	
0.71




	
December

	
1.8

	
77

	
2

	
2.0

	
4.8

	
0.44




	
Average

	
10.7

	
64

	
2

	
6.5

	
14.9

	
2.05










Table 2. Çorum/Center rain data.







	
Station Çorum-Merkez

	
Meteorological Data

	
Effect Rain Method USDA S.C. Method




	
Month

	
Rain

	
Effect Rain




	

	
mm

	
mm






	
January

	
39.5

	
37.0




	
February

	
30.3

	
28.8




	
March

	
37.8

	
35.5




	
April

	
45.9

	
42.5




	
May

	
60.8

	
54.9




	
June

	
49.2

	
45.3




	
July

	
17.4

	
16.9




	
August

	
11.9

	
11.7




	
September

	
20.3

	
19.6




	
October

	
25.0

	
24.0




	
November

	
30.9

	
29.4




	
December

	
43.4

	
40.4




	
Total

	
412.4

	
386.1










The reference plant is walnut for FAO Penman Monteith method. Evapotranspiration values for walnut have been calculated as follows [33,34];


Etc = kc × ETo



(2)







The kc value varies from plant to plant and refers to the plant’s water needs. The characteristics that determine the value of kc are plant species, height, growth phases, light reflectance value of the soil, and plant surfaces, climate and soil. In addition, while each plant’s kc values vary, the kc value in each phase of a plant’s growth process varies. Seasonal kc values obtained for walnuts are shown in Figure 1. As seen in Figure 1, if the planned date is chosen as 11 April, the product is harvested approximately 173 days later.


Figure 1. Çorum/Center crop kc values.
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Determination of seasonal plant water needs as well as physical properties of the soil in the cultivated areas are important. The values of soil type Red Sandy determined as a working area in this study are given in Figure 2.


Figure 2. Soil information belonging to area.
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Obtained climate data and the value of crop water requirements, depending on seasonal development and land property, are shown in Table 3. According to Table 3, the total water demand in the process of growing the product has been identified as 197 mm/dec. The cultivated plant is an adult walnut tree. The seasonal irrigation information of the walnut is shown in Figure 1. According to Figure 1, the product irrigation was started on 11 April 2016 and the harvest was done on 30 September 2016. Figure 3 shows the need for seasonal water of walnut.


Figure 3. Control system diagram.
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Table 3. Crop water requirements.







	
ETo Station

	
Merkez

	
Plant Factor

	
Plant Water Consumption

	
Crop

	
Walnut




	
Rain Station

	
Çorum-Merkez

	

	

	
Planting Date

	
11/04




	
Month

	
Decade

	
Stage

	
Kc coeff

	
Etc mm/day

	
Etc mm/dec

	
Effect Rain mm/dec

	
Irrigation Requirement mm/dec






	
April

	
2

	
Init.

	
0.50

	
0.85

	
8.5

	
14.0

	
0.0




	
April

	
3

	
Init.

	
0.50

	
0.97

	
9.7

	
15.4

	
0.0




	
May

	
1

	
Deve.

	
0.53

	
1.15

	
11.5

	
17.6

	
0.0




	
May

	
2

	
Deve.

	
0.58

	
1.39

	
13.9

	
19.3

	
0.0




	
May

	
3

	
Mid.

	
0.62

	
1.69

	
18.6

	
17.9

	
0.7




	
June

	
1

	
Mid.

	
0.63

	
1.89

	
18.9

	
16.7

	
2.2




	
June

	
2

	
Mid.

	
0.63

	
2.08

	
20.8

	
16.0

	
4.8




	
June

	
3

	
Mid.

	
0.63

	
2.37

	
23.7

	
12.5

	
11.2




	
July

	
1

	
Mid.

	
0.63

	
2.70

	
27.0

	
8.1

	
18.9




	
July

	
2

	
Mid.

	
0.63

	
3.01

	
30.1

	
4.6

	
25.5




	
July

	
3

	
Mid.

	
0.63

	
2.96

	
32.5

	
4.4

	
28.2




	
August

	
1

	
Mid.

	
0.63

	
2.93

	
29.3

	
4.1

	
25.2




	
August

	
2

	
Mid.

	
0.63

	
2.92

	
29.2

	
3.3

	
25.9




	
August

	
3

	
Mid.

	
0.63

	
2.58

	
28.4

	
4.4

	
24.0




	
September

	
1

	
Late

	
0.62

	
2.21

	
22.1

	
5.8

	
16.3




	
September

	
2

	
Late

	
0.54

	
1.66

	
16.6

	
6.7

	
9.9




	
September

	
3

	
Late

	
0.44

	
1.14

	
31.4

	
7.1

	
4.3




	

	

	

	

	

	
352.1

	
177.8

	
197.0











3. System Architecture


The experiment was conducted in the walnut land with 600 m2 in Çorum. Water that was transferred from the well to the water tank with 5000 L by the booster was connected to irrigation laterals via a filter. Valves that were positioned in front of each lateral were the basis of the control field. Energy requirements of the system were met when the solar panels had 2.2 kW total power. The block diagram of the irrigation control system is presented in Figure 3. According to Figure 3, moisture values obtained from the sensors were transferred to the PLC via input components. This data received from the PLC was transferred to the smart phone via the IOS/Andriod server for monitoring and control purposes. In the system operation, the current water requirement of the plant was determined depending on the seasonal water requirement in previous years. If the water ratio is less than necessary, the water tank was operated via the PLC output, ensuring that the valves remain open until the desired amount of water is supplied. When the data from the sensors indicated that the required amount of water was reached, irrigation automatically ended. If the amount of water was excessive due to rainfall or other reasons, irrigation was not carried out. All numerical values of the above-mentioned operations can also be monitored via the mobile device.



The irrigation system consists of five parallel side pipes with 20 m length connecting to the main pipe (Figure 4). The control of parallel pipes was separately ensured by valves that were placed in front of the side pipes. The amount of water in the soil was defined by sensors that were placed in regions close to the root portion of the product. This digital data was transferred to the PLC (control unit). Opening and closing conditions of valves on each lateral were set according to defined data. At this point, data was automatically saved to database columns consisting of the lateral number, sensor number, date and time. Also, a column was created in the database for adjusting the water requirement of cultivated plants depending on their stage. Device usage and their properties were given as follows


Figure 4. (a) Sensors placement in the land; (b) Sensors map in the irrigation system.
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Five different laterals used in irrigation systems were 20 m long each and there were valves at their ends to provide irrigation. The most important disadvantage of these laterals is congestion caused by the accumulation of stones or sand. A filter system was used to remove this congestion and obtain more healthy data.



3.1. Water Booster


The power of the booster (Sumak Pump Corporation ltd., Istanbul, Turkey) is 2.2 Kw monophonic. It has 4–5 bar working pressure and 5–6 m3/h water pumping.




3.2. Water Tank


The water tank with 5 tons was used for storing and resting of the water taken from water wells.




3.3. Filter


The appropriate filter (Kalyon Filter Corporation Ltd., Izmir, Turkey), which is in the plastic filter groups from ¾′′ to 3′′ and 50 m3/s, was chosen to eliminate bottlenecks that can occur in the pipe system. The main features of this filter are easily removable for rinsing and there is a semi-automatic cleaning feature.




3.4. Valves


Electro-valves were used for controlling the water amount going into the lateral drip system. Five laterals that normally have closed contacts and operate with 12 Vdc were used separately.




3.5. Soil Moisture Sensor


Sixteen units DS 200 soil moisture sensor (Bejing Dingtek Tehnology Corporation Ltd., Beijing, China), were used to measure the amount of water in the soil. The Ht-1 type sensor has some advantages such as high stability, easy operation, and maintenance, and it can measure soil moisture and temperature at the same time. Also, it can be calibrated. Moreover, it has Tr-3100 type of tightness and protection rank ip68. It operates with 5–24 Vdc source. The output signal is 0–1 Vdc, 0–2.5 Vdc, 0–5 Vdc, 0–10 Vdc, 4–20 ma and rs485.



The DS200 humidity sensor is preferred because it is economical, leak-proof, long-term use, corrosion protection, and high transmission distance. The reason for our discussion of calibration is the presence of trimpot on some sensors and sensitivity adjustment here. However, the DS200 humidity sensor has an accuracy of ±2% which is a very good value. The reason we discuss this here is that we would advise to be careful when choosing a sensor for such work.




3.6. Solar Panel and Setup


Solar panels have been used to meet AC and DC energy system requirements. The figure of established panels is given in Figure 5.


Figure 5. Established solar panels.
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3.7. Control Unit


The power unit was formed into two separate sections—AC and DC—considering the amount of energy taken from solar panels. The block diagram of the power supply that is used in DC systems is given in Figure 6.


Figure 6. Power supply block diagram.
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The infrastructure system was generated by bringing together hardware components to use the precision irrigation system in IOS/Android-based operating systems. A view of the developed infrastructure is illustrated in Figure 7.


Figure 7. Block diagram of IOS/Android controlling unit.
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3.8. Irrigation System Operation


The flowchart of the software is given in Figure 8.


Figure 8. The flowchart of the software.
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In the software that can operate in IOS/Android based systems, information belonging to sensors or lateral is given; at the same time, operating information belonging to the desired sensor appears on the screen. The main screen view is given in Figure 9, and the user should use the data input section to perform data entry belonging to the product. The pump menu should be used to control the pumps, the moisture menu should be used for sensor information, and the valve menu should be used for controlling the valves. Moreover, values depending on the stage of plant growth and water requirements could be watched in monitoring menu and software information could be followed in information menu.


Figure 9. Smart phone monitoring page. (a) Home screen, (b) Sensor Menu, (c) Sensor 1’ e moisture value.
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4. Discussion


The precision irrigation system was designed as a closed-loop control system. In the designed control system, the data obtained with the reference data were compared and thus real-time monitoring is provided in addition to the water efficiency. Reference values in the study were determined according to Equations (1) and (2). This data indicates the seasonal water needs of the walnut tree. The amount of rainfall in previous years was used as data when water demand was determined. This data was taken from Turkish State Meteorological Center. At the same time, daily water needs were determined at a lower level. The obtained data were arranged in an algorithmic way into the PLC program. The data obtained from the sensors were compared with the periodical water requirement table and the working status of the system was revealed. While studies reported before in the literature mostly focus on the opening and closing operations of drip irrigation system, in this study, the opening and closing operations were determined according to the seasonal water need. In the studies shown in the references, especially those related to the drip irrigation system, only water irrigation was done from the sensors based on the humidity condition of the soil.



Dating from October to harvest, average monthly moisture results obtained from 16 sensors in five different laterals are given in Figure 10. As can be seen in Figure 10, the moisture rate decreases especially during the summer season. When this situation is compared with climatic data, it is shown that these results are close to average values.


Figure 10. Monthly average moisture.
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Moisture values that were obtained from sensors during the day and depend on four separate stages are given in Figure 11.


Figure 11. The average moisture values are occurring in the sensor during the day (Mid. Stage).
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Values were obtained from equalities, which were used to define the amount of water needed in the product growth stage, and given daily in Figure 12, Figure 13, Figure 14 and Figure 15 respectively.


Figure 12. Int. Stage water requirement.
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Figure 13. Dev. Stage water requirement.
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Figure 14. Mid. Stage water requirement.
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Figure 15. End stage water requirement.
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In Figure 16, a comparison was done between the total amount of water to be supplied and that which was actually supplied to plants. It can be seen in Figure 16 that plants’ water requirement especially increases after the development stage. Moreover, it is clear that calculated values and real values are close to each other and a precision irrigation process is achieved.


Figure 16. Amount of water depending on the stage of plant growth and used amount of water.
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Resulting from the leveling of product growth area, it can be seen that average moisture values in each lateral are close together. This situation was effective in reducing energy and water consumption.




5. Conclusions


This study shows that precision irrigation systems with moisture sensors are extremely advantageous for growing crops in agricultural systems. In the study, when equations used to determine the amount of water required in the plant growth stages and obtained climatic data are considered, it is identified that appropriately meeting the amount of water determined for each period is effective for agriculture growth. Thus, an important advantage is obtained by adjusting the amount of water needed in the plant growth stages and by consuming the water depending on the soil moisture with classic drip irrigation systems. When the total water demand is calculated as 197 mm/dec, it actualizes as 211 mm/dec in the application. This value can be obtained only with software changes in the system.



Nowadays, important savings have been achieved in energy costs by using solar energy. When the installation costs are considered, it can be understood that the installation costs can be met in three harvest periods. When the technological point of view is taken into account, the system can be operated through integration with smart phones. Thence, all system can be controlled and tracked by these devices. Especially if one considers that smart phones are widely used, it is obvious that the system is highly accessible. Moreover, there is about a 60% decrease in the labor force with the precision irrigation system. A farmer’s daily work time in the field is taken into account while this value is calculated and is dramatically reduced by the methods illustrated above.
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