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Abstract: The recent irrigation techniques introduce automated irrigation using sophisticated equipments to supply
water and nutrients to the plant as soon as they need it. Automated irrigation systems can increase crop yields, save
water, energy and labor costs as compared with manual systems. Automatic irrigation systems presently available are
costly and are not adopted by most of the small farmers. Therefore, appropriate low cost automatic irrigation
technology has to be developed to facilitate high water use efficiency. In the present study low cost automated drip
irrigation based on soil moisture has been developed. Soil moisture sensor was calibrated to switch off the motor when
soil moisture reaches field capacity and switch on the motor when soil moisture reaches 80% of field capacity.
Keywords: Automated irrigation, field capacity, soil moisture sensor, drip irrigation, India.
I. INTRODUCTION
In addition to soil and seeds, water and nutrients are two important inputs to agriculture which are determining the
whole gamut of agricultural productivity and production. In the changing climate scenario, the water resource has become
very scarce and also being unscientifically used in the farming fields. India, consuming almost 80% of its total water
resources for agriculture sector, needs to reduce the consumption of water and nutrients to substantial levels using advanced
scientific methods of irrigation like drip and sprinkler irrigation systems and real time sensor based scheduling with
electronic gadgets or sensors to enhance water use efficiency (WUE) and fertilizer efficiency. Automation of drip/micro
irrigation system refers to operation of the system with no or minimum manual interventions.
These recent irrigation techniques introduce automated irrigation using sophisticated equipments to supply
water and nutrients to the plant as soon as they need it (Sanjukumar and Krishnaiah, 2013; Kumar et al., 2013; Luciana et
al., 2013; Agarwal et al., 2014). Automated irrigation systems increase crop yields, save water, energy and labour costs
as compared with manual systems (Kim et al., 2009; Nyatume et al., 2013; Sibomana et al., 2013). The automation of the
irrigation process is important for three main reasons: scarcity of water, timely irrigation and maximum crop profit.
Automatic irrigation systems presently available are costly and are not adopted by most of the Indian farmers. Therefore,
appropriate low cost technology has to be developed to facilitate high water use efficiency. The present study was carried
out to development a low cost soil moisture sensor for drip irrigation system.
II. MATERIALS AND METHODS
2.1 Development of low cost soil moisture sensor
The soil moisture sensor works based on the fact that water is not pure water which is non-conductor, but it is
impure which is slightly conductor. As the moisture content of the soil increases, the electrical conductivity of the soil
increases. The electrical conductivity of the probes can be related to the soil moisture of the soil. Figure 1 shows the circuit
diagram of low cost soil moisture sensor. The sensor works mainly on the principle of electrical conductivity.

Fig. 1. Circuit diagram of soil moisture sensor
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The circuit is prepared by using a transformer, diode, capacitor, integrated circuit, resistor, transistor,
electromagnetic relay and a few active components. The transformer acts as step down transformer reducing AC 230 V
TO AC 6V. Capacitors are used to store energy by producing a charge imbalance. The heart of the circuit is the CMOS
latch CD4001.Integrated circuit CD4011 is the most commonly used complementary metal oxide Semiconductor
(CMOS) chip. The working voltage range of the IC is 5V to 16V. Each output can deliver output current of about 10 mA
at 12V. An electromagnetic relay is used which allows a relatively small electrical voltage or current to control a larger
voltage or current. The circuit diagram is drawn on a board and the circuit components are fixed on the board by
soldering using solder iron and soldering lead. A plastic box is used for covering the circuit board as shown in Figure 2.
Two aluminum strings are used as probes and the probes are placed at effective root zone depth of crops at a distance of
wetted diameter of dripper. The circuit given above will switch off the pump when the soil moisture reaches field
capacity level and switch on the pump when the soil moisture reaches 80% of field capacity.

Fig. 2. Circuit board of soil moisture sensor
2.2 Calibration of soil moisture sensor
In order to determine the relationship between the sensor output voltage and soil moisture, soil samples at
different moisture levels were collected. The soil moisture content was determined by using oven drying method. A
digital multimeter (Fig.3) was used for measuring sensor output voltage for soils of different moisture contents.

Fig. 3. Digital Multimeter
III. RESULTS AND DISCUSSION
3.1 Calibration of soil moisture sensor
Figure 4 shows a plot of sensor voltages against different soil moisture samples that yielded a linear
relationship between voltage and soil moisture sensor. The gradient and intercept value from Figure 4 are -4.278 and
28.91 respectively. The moisture of the soil increased with a decrease in voltage value. The soil moisture sensor is
calibrated to switch on the motor when soil moisture reaches field capacity and switch of the motor when soil moisture
reaches 80% of field capacity.
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y = -4.278x + 28.91
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Fig. 4. Relationship between soil moisture and sensor output voltage
3.2 Cost of developed soil moisture sensor
Table.1 shows the list and cost of circuit components used in the developed low cost soil moisture sensor circuit. The
total cost of the sensor was found to be Rs.536/- only

Item Number
1.

Table.1 List and cost of circuit components used in soil moisture sensor circuit
Quantity
Description
Unit cost (Rs)
Total cost (Rs)
1
Transformer 6-0-6 v
50
50

2.

4

Diode 4007

2

8

3.

1

Capacitor 470/16 v

15

15

4.

1

Integrated circuit CD 4011

50

50

5.

4

Resistors

1

4

6.

1

Transistor 7806

10

10

7.

2

Electromagnetic relay 9v

70

140

8.

2

Led indicator

2

4

9.

1

Pin base

10

10

10.

1

Flexible wire packet

100

100

11.

1

Connectors or sockets plastic

50

50

12.

1

Soldering lead bundle

5

5

13.

1

Paste bottle

5

5

14.
15.

1
1

Solder iron
Covering box

35
50

35
50

Total cost

536/-

IV. CONCLUSIONS
A simple device functioning underneath the soil which can assist electronic circuit board to either switch off or
switch on the motor as per the required moisture has been developed. The developed soil moisture sensor was calibrated
to switch on the motor when soil moisture reaches field capacity and switch of the motor when soil moisture reaches 80%
of field capacity
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