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ABSTRACT

This work presents a microcontroller based system which makes use of soil moisture sensors and plant growth
models to develop irrigation schedules for maize crop grown in loamy soil. The methodology adopted for this work
involves field survey, electronic circuit design, implementation and testing. The field studies provided details on the
crops root depth pattern and water requirement throughout its growth period. With a dual power source of solar and
a.c power supply, moisture sensor, microcontroller, LDR, LCD and sprinkler units; the microcontroller would
permit the sprinkler to start and stop at given times during each growth period when the soil moisture falls below a
predetermined level as sensed by the soil moisture sensors. Also included in this design is a DTMF decoder unit that
permits interaction with the farmer on the current state and step to be initiated by the device via a remote phone.
Test results indicate effective irrigation throughout the maize crop’s life cycle, bringing about improved crop

yield/quality, water and energy conservation.
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I. INTRODUCTION

Modern agriculture require specialized knowledge,
hence depends on engineering and technology, and on
the physical sciences for maximum results. One of such
specialized aspect is irrigation. Irrigation is the artificial
application of water to the land to assist in the growing
of agricultural crops [1]. Irrigation has an extreme
advantage which is that it produces twice the yield of
non irrigated fields although presents about 18 per cent
of all land under cultivation [2]. However, it can
waterlog soil or increase soil salinity to the plant such
that the crops are damaged or destroyed if not managed
properly [3] and [4]. A good irrigation system apart
from supplying water to crops should also be water
economical [5]. Water in most part of the world is
scarce especially during the dry season [6], hence the
need to maximise whether it is natural or artificial [1]
and [7]. Since water requirements differ from crop to
crop with this requirement varying with age (root depth)
[8], it was the reason this device was made to be crop

specific by selecting a popular crop with a short life
cycle of about 120 to 150 days; the maize crop. Maize
(zea-mays) is one of the most important cereals both for
human and animal consumption and is grown for grain
and forage. It contains about 10 percent protein, 4
percent oil, 70 percent carbohydrate, 2.3 percent crude
fibre, 10.4 percent albuminoides, 1.4 percent ash [9].
Also, the water retaining capability of the soil in which
a crop is grown differs from soil to soil [10]. For this
reason the device was again made to be soil specific by
selecting a popular soil type; the loamy soil. The crop
specific and soil specific nature of such a device
however provide a model for other crop and soil types
[11]. In this work, electronics was applied in irrigation
control to develop a more effective irrigation system
that is automated, microcontroller manage, soil moisture
sensor based and interactive with the farmer. It
maintains the desired soil water range in the root zone
for optimal plant growth, ensures water usage efficiency,
minimum loss of water through evaporation or
percolation into the ground, improved crop vyield
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and/quality, water and energy  conservation, less

manpower and low production costs.

II. METHODS AND MATERIAL

The methodology adopted for this work is as follows:
field survey, electronic circuit design, implementation
and testing

2.1 Field survey

In a work of this nature, field experimentation is
necessary for a correct simulation of realistic
phenomenon [11] and [12]. In this case, a field study
was carried out to match the maize crop’s water
demands with its growth period. Since the crop’s water
demand changes over time as the root zone increase
over its growth cycle. A knowledge of the rate at which
the root zone of the crop increases over time will serve
as a guide for the irrigation scheduling throughout the
plant’s growth cycle. To do this, a critical assessment of
the root growth pattern was done so as to ascertain the
right quantity of water required at specific depth. In
order to achieve this, some maize seeds were planted on
separate rows on a loamy soil garden and specific
quantity of water supplied at different growth periods
using manual irrigation for each row. The usual cultural
practices for maize were observed except that certain
growth periods were under irrigated, moderately
irrigated or over irrigated. This was done to assess the
best quantity of irrigated water for every growth period.
Evening times were chosen for irrigation due to the fact
that the water will have enough time to percolate to
desired root depth with little loss to evaporation [13].
The measurement of the degree of resistance offered by
the moist soil was done with the aid of an ohmmeter
and moisture sensors, while observing the root growth
patterns, quantity of water supplied and the yield/quality
of the crop over time. In order to know the root growth
pattern of the crop, one pair was carefully uprooted per
week and its root depth measured. Table 1 shows the
result obtained for the root depth spanning through the
growth stages of the maize crop.

Table 1: Root Depth of Maize Crop Corresponding to
Growth Stages.

Growth Stages Period Root Depth

Average (day) (cm)
Depth(cm)
Establishment Period  15-25 5-7 6
Vegetative Period 40-65 8-10 9
Flowering Period 55-85 12-15 135
Yield formation Period 90-125 15-17 16
Ripening Period 100-150 17-18 175

Vital results from the field work and corroborated with
existing knowledge has it that, water deficit during the
flowering period result in reduction in grain number
per cob [14], water deficits during the yield formation
period leads to reduction in grain size [15], whereas,
water deficit during the ripening period has little effect
on grain yield. Maize appears relatively tolerant to
water deficits during the vegetative and ripening
periods. Water logging should be avoided, particularly
during the flowering and yield formation periods as
water logging during these periods can reduce grain
yields by 50 percent or more. The row with the best
yield along with its water scheduling was adopted for
this work. The resistance values corresponding to the
soil moisture condition when irrigation will be required
was measured as 0.95 Q while those for over
irrigation, moderate irrigation and under irrigation are
0.2 Q, 0.35 Q and 0.5 Q respectively.

2.2 Electronic Circuit Design

The result of the field studies alone side other previous
information will now be electronically incorporated into
the design to create a more effective, water economical
and interactive irrigation control system. The sections of
the design are explained below.

Power supply

The power supply is a unit capable of supplying dc
voltage and current to an electronic circuit under test
[16]. This equipment is expected to be used in both
urban and rural areas which are characterized by the
availability and unavailability of public power supply
respectively. Also considering the abundant solar
energy potentials in certain regions, generation of
electricity from the sun will be more reliable [17] and
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[18]. Therefore a dual power supply system comprising
the solar power and the conventional power supply
circuits were designed. The solar power section
comprises of three constituents namely: the solar panel,
solar charge controller and the battery. The enormous
renewable energy of the sun was harnessed using an 18
V, 50 W monocrystalline solar panel positioned at the
right tilted angle of 10° (latitude of location) due south
for a maximum solar gain. From power analysis of the
device, the power requirement of constituent sections is
25 W with the maximum voltage and current ratings of
10 V and 2.5 A. The resultant 18V, 50 W capacity solar
panel was used to charge a 12 V, 7.5 A battery. The
solar panel, battery and load (successive sections) was
regulated by a 12 V, 10 A solar charge controller. While
the conventional power supply section is made up of a
220 - 10 V step down transformer for stepping from
mains, bridge rectifier for conversion to dc, a 50 V,
3300 uF capacitor (C1) for elimination of ripples and a
7805, 7809 and 7810 regulators to peg the output at 5V,
9 V and 10 V respectively as will be required by
subsequent sections. A socket was provided just before
the regulator where either the solar or a.c power supply
can be plugged in.

Signal flow through successive sections of a device is
simplified using a block diagram [19]. The block
diagram of the system is shown in figure 1.

Sensor Sprinkler

if f

V—| Micro- ’7
DTMF + 4
v Day/Night
GSM

Figure 1: Block diagram of the irrigation control system

Each section will be discussed one after the other.
The Sensor Unit

Sensors are incorporated into devices to detect specific
characteristics of their environment [20]. In this work,
the sensor unit has a responsibility of monitoring the
level of soil moisture at the root zone of the crop. The
sensor is sunk into the ground so that the contact points

could monitor the level of moisture in the soil. It works
by the principle of electrical conductivity. When the
moisture content is high, conductivity is high (water
being a conductor of electricity) and resistance is low
while for low moisture content, conductivity is low and
resistance is high. Resistivity of a material p, quantifies
how strongly the given material opposes the flow of
electric_current, while conductance o, measures a
material's ability to conduct an electric current. Both
guantities are related as shown in equation (1).

o =1/p (1)
where ¢ is the conductivity of the soil and p is the
resistivity of the soil [21]. When water falls below the
predetermined minimum level, the sensor senses a high
resistance and instructs the microcontroller (a
successive section) to take action by sprinkling water of
specific quantity. The calibration of the sensor is
dependent on the rooting characteristic of the crop and
for this reason; the field survey above was conducted
for an assessment of the changes in the root (soil) zone
and water demand over the life cycle of the crop. A
resistance of 0.95 Q corresponds to the moist condition
of the soil when irrigation will be required. Result of the
field survey displayed in Table 1 was used to calibrate
the sensor. The kind of sensor used in this design is a 20
cm long wooden bar, having metallic thumb tacks fixed
at some determined points in it to serve as the contact
points. With reference to table 1, the period 1 to period
5 of the plant’s growth process corresponds to the
average root depths of 6, 8, 13.5, 16 and 17.5 cm
respectively, so metallic thumb tags were inserted at
these intervals and sunk into the ground to help
ascertain the moisture condition of the crop per time
and throughout the season. Figure 2 is a schematic
diagram of the sensor.

6.0cm ' » Period 1
8.0 cm < ' » Period 2
IS
o
Q 13.5cm ¢ (] » Period 3

16.cm ¢«——— 0 ——p Period 4

17.5cMe— f ¢ —— Period5

Figure 2: Calibration of Sensor
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At the maturity stage, water has little or no effect on the
crop, therefore period 4 and 5 were merged together.
Each of the metallic thumb tag for period 1 to 4 of the
sensor SW1 were directly connected to pin 1, 2, 3, 4 of
the microcontroller. LED’s D2 to D5 were incorporated
and are to turn ON at same growth period that sensor 1
to 4 are respectively to monitor. The second sensor
(SW2) is connected to pin 11, 12, 13 and 26 of the
microcontroller respectively. The microcontroller via its
programmed instruction, triggers each sensor to
function when its growth period is due while the sensors
also feeds the microcontroller of the moist condition
around the root zone. If below the predetermined value
of 0.95 Q, water is sprinkled until the resistance of the
soil drops to the predetermined value for the current
growth period before the microcontroller takes
appropriate action by tripping OFF the sprinkler unit.

The Microcontroller Unit

The microcontroller is an embedded system in a chip
which executes instructions based on the programme
written on it. This is the ‘brain’ of the system as it
controls and processes input signals, giving the
appropriate output signals to the interconnected units. In
this work, the microcontroller used is the AT89C52
from 8051 family. The microcontroller was
programmed using assembly language through a hard
ware called top win universal programmer. Pin 40
serves as the Vcc, and powered by a 5 V regulator from
the power unit. The controller uses a 12 MHz crystal
oscillator as its operating frequency. This is based on
the delay frequency needed for this design. With a 12
MHz crystal, the microcontroller unit is capable of
executing one million instructions per second [22]. The
ATB89C52 microcontroller factory connection as
implemented in this design is shown in figure 3.
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Figure 3: The Microcontroller Unit
The microcontroller exercises electronic control over
other sections it communicates with through its pin
connection to such sections. With the connection of
figure 3, the microcontroller carries out the following
functions:

1 Runs the embedded software code that controls the
system.

2 Triggers and monitors the state of the sensor.

3 Sends and receives signal from the GSM phone
through the DTMF decoder.

4 Receives signal also from the LDR.

5 Sends signal to the sprinkler on when to sprinkle
and when to stop.

6 Sends signal to the LCD for display of the
operation being performed or intended at a
particular time.

The Dual Tone Multi-Frequency (DTMF) Decoder

The DTMF is a Dual Tone Multi-Frequency receivern
which is capable of decoding a 16 bit code from a GSM
phone and converting it to a 4 bit corresponding binary
code, and then latches it on its output pins. It serves as
the communication link between the microcontroller
and a remote GSM phone to be in possession of the
farmer. A quartz crystal oscillator of 3.592 MHz is
connected at its pin 7 and 8 to provide its operating
frequency. A 5 V source from the power supply unit is
connected to pin 18 of the decoder, and the pin 9 to the
ground. Pin 1 and 2 serve as its input. Pin 11, 12, 13 and
14 of the decoder are its output and are connected to
portl bit O, portl bit 1, portl bit 2 and portl bit 3
respectively. Pin 15 serves as the signal indicator; this
pin only goes high whenever the DTMF decoder
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registers a valid tune received from a remote GSM
phone. It then latches it’s output on the
microcontroller’s pin 10 and 31 for onward action. The
point of connection is shown in the general circuit
diagram of figure 8.

The Global System for Mobile Communications
(GSM) Module

The GSM phone serves as the remote phone to the
DTMEF receiver. The phone is set on auto answer so as
to automatically receive any incoming call relayed from
the DTMF module. The remote phone would be
expected to key-in the required code for the
microcontroller to perform a certain tasks to operate the
sprinkler. The phone shall receive a message “about to
sprinkle” from the microcontroller through the DTMF.
The farmer has a choice of replying “OK” to commence
sprinkling immediately or ignore the message and
postpone sprinkling for another thirty minutes. This
period is to allow the farmer ample time to return to the
farm and supervise the sprinkling process when
necessary. Once the remote phone is through with the
operation, the operator can hang up. The
microcontroller also interacts with the remote GSM
phone on the state of the soil moisture sensors.

To configure the GSM phone to undertake this task, it
needs to be driven. For this reason, a pnp transistor
(BC557) is connected to the ‘select’ button of the phone
to automatically perform this required operation; one
lead of the transistor to the negative point and the other
lead to the positive point. Then the transistor is
connected through a 1.5 kQ resistor to port 2 bit 4 (pin
24) of microcontroller chip. The same connection is
done with two other transistors to the ‘down’ button and
the ‘back’ button of the receiver phone, and then to the
port 2 bit 6 (pin 25) and port 2 bit 5 (pin 26) of the
microcontroller respectively. The emitter of the
transistors were tied together and connected to the
positive points while the collectors were connected to
the negatives of appropriate buttons. Figure 4 shows
how the phone transistor drivers were connected to the
GSM phone.

D7
DIODE

R5 Q1
— 11— BCS557
1.6K
5
% D38
DIODE
R6 2
—————— 11— BCS557
1.5K
D9
R4 Q3 DIODE
— 11— BCS557
1.5K

Figure 4: Phone Transistors Driver

The Light Dependent Resistor (LDR) Unit

The LDR is connected to the microcontroller port 3
bit 4 (pin 15), and the other pin is tied to the ground.
In the day time, port 3 bit 4 is pulled low because the
internal resistance of the LDR is low (about 200 Q)
therefore, the controller is aware that its day. In the
evening when, the LDR’s resistance rises to about 2
MQ, this sends a pulse to the microcontroller through
port 3 bit 4 that its evening and the controller acts
appropriately. The controller on sensing evening

»

Day / Night sensor —

LDR1
TORCH_LDR

Figure 5: The Light Dependent Resistor.

triggers the sprinkler to come up. In order to achieve
this, the photo limit was earlier adjusted by varying
the variable resistor to the 2 MQ value. Figure 5
shows the Light Dependent Resistor.

The Sprinkler Section

This section comprises of the motor pump, relay and it’s
driver unit. They become active only when the LDR
senses evening and sends a pulse to the microcontroller
which in response turns ON the sprinkler section. The
sprinkler is powered via the relay (RL1) to serve as
control switch. As soon as the relay toggles, the motor
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pumps out water for sprinkling of the soil around the  The display on the LCD include: “Hello”, “Irrigation
root zone until its moisture content reaches the desired  Control System”, “Running period 17, “Running period
level as sensed by the soil moisture sensor which sends 27, “Running period 3”, “Running period 4”, “about to
feedback to the microcontroller. A 10 V pump was used  sprinkle”, “Sprinkling in progress”, soil moisture
with an attached horst connecting from the water tank to  content: High”, soil moisture content: Low” and so on.
the crop’s base. The sprinklers relay is driven by a BC ~ The overall circuit diagram of the solar powered
557 pnp transistor having a limiting base resistance of 1~ automated irrigation control system for maize crop
kQ (R7). The base of the transistor is connected to pin  grown in loamy soil is shown in figure 8.

17 of the microcontroller from where the section is

triggered. The circuit diagram of the sprinkler section is ™ olar Panel Lo oo
shown in figure 6. P
T N
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Figure 6: The Sprinkler Section. o o Pzt
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The Liquid Crystal Display (LCD) Unit L zf’ém 4”“ Bfiim
R
. -]
The LCD used is a 74HD green phase 16 x 2 type, =
meaning it can only display a maximum of 32
. . . . - - Bl
characters in two lines, with 16 in each line. The LCD o )
- - - i -
data port is connected to port 0 of the microcontroller ir 1 oy gt sesa

the following way: The LCD data/bus line (pin 7-14) is
connected to microcontrollers pin 32-39 respectively.
While the control pins (pin 4-6) is connected to
microcontrollers pin 21-23 respectively. LCD pin 1 and
pin 2 are its power supply (to V¢c), pin 3 is the contrast
variable resistor (RV1) for setting the brightness of the
characters displayed to one’s desire. Figure 7 shows the
LCD connection.

Figure 8: Overall Circuit Diagram of the Device
2.3 Implementation

The electronic components and parts of the design in
figure 8 were carefully arrived at through design
calculations or standard functions. They were
electronically assembled in line with circuit schematics
and cased. The LDR was separately cased in a
transparent box to control the illumination around it.
The solar panel was raised to a height of 4.0 m above
the ground and tilted to 10° due south with the aid of a
metal rod for maximum solar exposure. The solar panel

cc ‘ | | ‘
V .||| I .;7 - -

To pin 32-39 ) L

of just below the solar panel. A plastic pipe connects from

'IMoi(;)ri%CgTErzos‘" the water tank located at the base to the sprinkler’s

of pump through the inlet and another pipe which is

Microcontroll underground connects from the outlet to the soil surface,
Figure 7: The Liquid Crystal Display close to the crop’s root zone. The wiring from the soil

International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com) 476



moisture sensors to the microcontroller were neatly
packaged to follow along the outlet pipe back to the
casing where they are plugged into external sockets.
This prototype was implemented with two sensors, two
outlet pipes and connected to two maize crops. In field
setting, same arrangement is maintained but the outlet
pipes are duplicated around the farm, maintaining same
distance to the crop. Since mono cropping (only maize)
is practiced with all the crops planted same day, at equal
depth, equal spacing and same soil type (loamy soil);
the moisture condition of their root zone will be the
same. Therefore only two maize crops were used as
samples and to which the soil moisture sensors were
connected to their root zones for an assessment of
moisture condition at other root zones.

I11. RESULTS AND DISCUSSION

On the field assessment shows that times of LCD
display of soil moisture content: “High”, and soil
moisture content: “Low” correspond to periods when
the soil at the root zone are getting a little dried and
when the soil is moist enough respectively. Also is the
LDR section which constantly turns ON the sprinkler’s
pump at about 4.00 to 5.00 pm in the evenings. Also
striking is the level of interaction between the system
and the remote phone. The farmer is kept abreast on
happenings at the root zone, current growth period and
notification of intention to sprinkle. The reply which
delays or instantly initiates the sprinkling process was
tested at evenings by sending a short code “OK” which
witnessed instant sprinkling and ignoring the message
which witnessed a delay of thirty minutes before
sprinkling. The quantity of water sprinkled per round
and per stand for each growth period were separately
collected and measured. The graph of figure 9 shows
the variation in the quantity of water sprinkled for each
growth period.

2.5

15

Qty of Water (Litres)

0.5

0 1 2 3 4 5
Growth Period

Figure 9: Water Irrigation Curve for Maize

From the nature of the curve in figure 9, it can be seen
that the water used up per stand during irrigation by
selecting a round each from each growth period in a
season goes from a low for period 1 (establishment
period) to a high for period 2 (vegetative period), to a
moderate for period 3 (flowering period) and period 4
(yield formation period) and back to a low at period 5
(ripening period). This is against other conventional
types of irrigation with a constant graph and requiring
even application of water or is based on the discretion
of the farmer. Such a type waste water, requires
manpower and prone to water logging and water
percolation.

IV. CONCLUSION

It can be said that the test results were in consonance
with intended objectives as the device provide a real
time feedback control system which efficiently monitors
irrigation activities for maize crop on the field and can
also serve as a model for other crops and soil types. The
interactive portion of the system is however network
dependent, meaning it can only be incorporated in
locations with GSM services. In the case of temporal
network failure, the ignore option where the no-
response to intention to sprinkle initiates the sprinkling
process comes to play after thirty minutes. Supervision
of the water tank should be done regularly so as not to
run out of water for the system. The focuses of further
research are:
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The improvement of the system to become multi-crop
and multi-soil type by upgrading the microcontroller
and its software such that a crop of interest and a soil
type can be selected and an effective irrigation
management system is ran throughout the crop’s life
cycle.

Development of a robust underground water outlet
pipes that will deliver the required quantity of water
needed for each growth period directly at a depth
closest to the root hairs. This will further save water
loses associated with peculation of water from soil top
to desired root depth.
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