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Abstract

The food security problem of Nigeria keeps increasing. Recently Nigerians are going back into Agriculture not
only as ameans of livelihood but as income generating venture. Farming is a seasonal venture in which during
dry season, planting is not possible. To solve this problem, many farmers have started irrigation farming. Also
especially in the northern part of the country, the amount of rainfall experienced per annum is so minute. The
objective of this work is to increase high crop productivity by devising proper automated irrigation system that
can be used for proper crop irrigation in the aforementioned areas. This is to ultimately meet up with the food
demand of the increasing population of Nigeria. In this work, the design and simulation of a farm irrigation
system being controlled by a Fuzzy Control system is carried out using MATLAB (Matrix Laboratory),
Seeeduino microcontroller board and Arduino components. A prototype of the system was developed in
Computer laboratory FUTA and a case study of the project was carried out. The observed result showed that the
Irrigation system can be adequately controlled by the Fuzzy system.
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INTRODUCTION In this research, an irrigation system being controlled
The Nigerian economy is one of the struggling by a fguzzy logic control system is presented to solve
economies in the world. It has been postulated that by this problem. To carry out the research, Direct
the year 2050, Nigeria will become the third most Current (D.C) power will be used as a source for
populous countries in the world. To alleviate poverty, water pumping, water pumping will be used as a tool
the current government in Nigeria is laying much for pumping the ground water to fill the tank. From
emphasis on farming. The impact of agriculture in a the related review, it was discovered that various
sustainable means is undebatable. Agricultural sector pump models have currently been used. The first
is one of the major contributions to Nigerian model, the water pump can be operated by turning on
economy. and turning off the machine manually. On the other

model, the water pump is equipped by a floating ball
According to [54], the country still imports what it acted as a physically tap when the water has filled a
can produce and this is displacing local production tank.
while creating unemployment and a weak exchange
rate. Currently, Agricultural Sector in the Nigerian The manually-operating pump is not efficient because
economy is largely subsistent. the water pump cannot turn on and turn off

automatically. The overall effect of this is that the
Farming in Nigeria is predominantly depended on water spills when somebody forgot to turn off a
rain-fed agriculture system which is vulnerable to pumping machine which will result into the wastage
climate change impact and seasonal variability which of electrical energy and destruction of the wall
affects the livelihood outcomes of farmers and because the wall is moist, humid and mossy. While
laborers who depend on this system of agricultural the second model of floating ball tap-equipped water
production [55]. The manual control of water pumps tank is more useful than manual switch, but the
by farmers may lead to inadequate water supply or floater sometimes causes the tap and the pipe
too much flow of water to the land which damage the leakages because the ball has not firmly closed the
crops. Lack of adequate water supply may lead to tap frame then the water pressure cannot be retained
deterioration of plants growth before visible wilting, by the pipe.
slow growth and light weight fruit yields.

In this research, the system includes the fuzzy logic
To achieve maximum profit in agriculture, there is a simulation and design and implementation of the
need to upgrade various engineering techniques that hardware  prototype using the components:
are being used today. Hence, maintaining proper Microcontroller board, LCD display, LED indicator,
amount of water level in the soil is one of the soil moisture sensor, DHT sensor, ultrasonic sensor
necessary requirements to get maximum profit from and 12V DC submersible water pump.
crop production.
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The hardware system should perform the following
functions: (1) determine if watering is required for
the plants, (2) monitor also the water level in the tank
water storage, (3) supply exact amount of water
required for the plants, (4) turn off the water pump
when the required amount has been delivered to the
plants.

LITERATURE REVIEW

[27] designed and implemented an automatic farm
irrigation and soil moisture system being controlled
by Arduino using soil moisture sensor and L293D
module. The limitation of this work is that the soil
humidity and temperature were not considered before
water is applied to the soil.

[30] designed and developed a smart system for
irrigation using 8051 Microcontroller and a fencing
control using Bluetooth Module. A soil moisture
sensor was also considered in the work using soil
moisture sensor and L293D module.

The Pumping System Pumps Water From Well To
Water Tank.

The water level is detected using ultrasonic sensor.
This automatic irrigation system senses the moisture
content of the soil and automatically switches the
pump when the power is on. The limitation of this
work is that 8051 Microcontroller is very slow. More
so the 8051 Microcontroller needs an external
EEPROM to store even 1 byte of data. In addition,
more functions are needed to access the EEPROM.
All these make 8051 Microcontroller inefficient for
this type of research. Also, the irrigation system make
use of an Analog-Digital Converter (ADC) which
involves rigorous process compared to other
advanced microcontrollers.

[53] worked on Performance Evaluation of Irrigation
System. The researcher observed the discharge of
water and recorded at seven selected monitoring sites
for determining water delivery performance
parameters like adequacy, efficiency, equity and
dependability which are used to evaluate the
performance of Welenchity Irrigation System.
Discharge was measured and monitored using a
Discharge App. The work only measures
performance.

[31] developed an a pump controller for solar
photovoltaic irrigation System. The researcher
implemented the system using soil moisture control
sensor and L293D module by Arduino. The system
used water level indicator also its pumping system
from well to water tank. Limitation is that the
researcher didn’t consider other important factor like
temperature and humidity of the soil before watering
the plant.
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[57] developed automatic plant watering system
using Arduino. The motivation for the work was to
reduce the labour task associated with the traditional
irrigation system. The researcher adopted ATmega
328 microcontroller which was programmed to sense
the moisture level of the plants and supply the water
if need be. The work however failed to consider
temperature and humidity of the soil before watering
the plant.

This research therefore is being motivated by the
need to develop a hardware prototype and fuzzy
control system that effectively addressed some of the
limitations of the reviewed systems. More
specifically, the objective of the research was to
design and develop a fuzzy controller of an irrigation
system for crop productivity. The proposed system
will be simulated in MATLAB based on the
Mamdani and Sugeno Control Fuzzy Inference
Systems and the results will be compared to find out
which fuzzy inference system is the most effective.

Proposed Model
DC Power

Supply
Soil Moisture
Sensor
Ultrasonic
Sensor LCD Screen
ATMega 328

DHT Microcontroller

Sensor Board
LED
Relay

Fig. 1: Architecture of the System

The architectural view of the hardware prototype of
the proposed system is presented in Fig. 1 showing
the input and output components connected on the
ATMega 328 microcontroller board.

Fuzzy Logic

The idea of fuzzy logic was invented by Professor L.
A. Zadeh of the University of California at Berkley in
1965 [12]. Fuzzy logic is a problem-solving
technique that derives its power from its ability to
draw conclusions and generate responses based on
unclear, incomplete, ambiguous, and imprecise
information. E.g. Certainly Yes, Possibly Yes,
Cannot Say, Possibly No, Certainly No. Fuzzy logic
is an approach to computing, which supports ‘degrees
of truth’ instead of the standard “true or False”, 0 or 1

Water Pump
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Boolean logic on which the trendy computer is
predicted.

In the real world many times we encounter a situation
when we can’t determine whether the state is true or
false, their fuzzy logic provides a very valuable
flexibility for reason. In this way, we can consider the
inaccuracies and uncertainties of any situation.

Input Output

Fig. 2: Block Diagram of the proposed Fuzzy
Controller for Farm Irrigation System

The intelligent component of the Fuzzy control unit is
the fuzzy reasoning unit which comprises of the rule
base and database. The fuzzy unit translates inputs
into fuzzy real values while the rule base is used to
compute the output real values. The defuzzification
unit transforms the output values into crisp values.
Sugeno output is the crisp number found by
multiplication of each value of input by constant
value and finally adding up the values. The
advantages of using Sugeno method is that it could be
used in case of mathematical analysis and is suitable
for adaptive techniques [70].

As shown in the Fig. 2, the algorithm of the system is
presented as follows. Four sensors were used to
collect data. The sensors are: Soil Moisture sensor,
Ultrasonic Sensor, Humidity Sensor and Temperature
Sensor.

One major parameter which is the Water Pump Rate
is considered as the output.

o= x4, 1)
B = x4, (2)
¥ = x3A; 3)
8 = x,4, 4

Where x, = Soil Moisture sensor, x, = Ultrasonic
sensor,

x5 = Temperature sensor, x, = Humidity sensor

e, f.v. 8 are the result from the membership function
of soil moisture sensor

£ = result from the membership function of ultrasonic

sensor
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¥ = result from the membership function of
Temperature sensor

& = result from the membership function of Humidity
sensor

Ay = Input signal membership function of soil moisture
sensor

A; = Input signal membership function of ultrasonic
sensor

Az = Input signal membership function of Temperature
sensor

Ay = Input signal membership function of Humidity
sensor

A; = is the membership function signals from input
components (sensors).

Where x; (i =1, 2, 3.4, ... n)} is the input variables
i.e. signals from the Soil moisture sensor, Ultrasonic
sensor and Temperature sensor, Humidity sensor etc.

S = o+p+y+O (6)
y=v+ I[L;S @)

v is the output variable obtained by the fuzzy rule.
While s = result from sum of the membership function
of all the sensors used.

A; = is the membership function signals from input
components (sensors)

v is a constant value (crop type)

The final output of the fuzzy model is inferred by a
weighted average defuzzification.
Il Wiy

T mow ®)

Where weight (w) implies the overall truth value.
z is the final output value of the true detections from
the sensors.

The proposed model consists of four major parts:

Fuzzification

It is used to convert inputs i.e. crisp numbers into
fuzzy membership values. Crisp inputs are basically
the exact 4 inputs measured by sensors and passed
into the control system as signal for processing within
the rule-base using the conditional IF-THEN
statement. Gaussian, Triangular and Trapezium
membership are used since they improve the system’s
reliability.

In this research, it was used to convert input from soil
moisture sensor, ultrasonic sensor and temperature
and humidity sensor respectively. Then input
parameters are described by at least three linguistic
regions as illustrated in Table 1.
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Table 1: Input and Output of Fuzzy System using

Mamdami and Sugeno Methods

NPUT

Measured
As

Region

Linguistic
ariable

IS Variables

Dy Low At Saturaed

Moisture

entibars

02550 100]

pry
Low
Adequate
Baturated

elative
Humidity

Vo

050 100]

Low
Medium
High

[emperature

0 20 40 60]

Very Cold
Cold
Normal
Hot

Ultrasonic

Mm

050 100]

Low
Medium
High

OUTPUT

Weasured
\s

Range

Linguistic
Variable

Ppen

%

0 2550

P5% open

[Vater Pump 75 100] b0% open
5% open

L00% open

Membership Function and Fuzzy Inputs
Fuzzy inputs include the following:

Soil Moisture

The moisture content of the soil is an important factor
to be noted before watering the crops, if the crops are
already moist, supplying more water can overwater
the crops. This can damage the crops.
Evapotranspiration, soil water extraction, soil water
balance, root growth all are the factors considered in
the soil moisture input. Hence, this factor is selected.
It is measured in centibar.

The range for soil moisture is between 0 to 100
Centibars and the type of membership function is
Trapezium MF for Mamdani and Gaussian for
Sugeno as denoted as trapmf and gaussmf
respectively

File Edit View

plot pas:

Nembership function plots
FIS Variahles

wavi iy
X .
AN | EQ \

Saiisurz Open Waler Pup

Dy Low Adequate Saluraled

putvariaie ‘SniHostire

Ulkasonic

Fig. 4: Membership Function plot for Soil Moisture
using Mamdani
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Fig. 5: Membership Function plot for Soil Moisture
using Sugeno

Relative Humidity around the soil

Most plants grow best with relative humidity of over
50% though several plants can tolerate humidity
levels below 25%. Relative Humidity is expressed as
percentage (%) of moisture in the air around the soil
surface. The range for relative humidity is between 0
to 100 % and the type of membership function is
Triangular MF for Mamdani and Gaussian for
Sugeno as denoted as trimf and gaussmf respectively.
File Edit View
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Fig. 6: Membership Function plot for
around the soil using Mamdani.
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Temperature around the soil Mamdani and Gaussian for Sugeno as denoted as

For a wide variety of seeds, there are various guass2mf and gaussmf respectively.

temperatures that are optimal for germination of the b Eit View

seeds. If the temperature around the soil is high, the

soil moisture will evaporate, the water balance gets Nerbersiofnc s i
. . ) lembership function plots

affected. Thus in the fuzzy logic control, Temperature e . w T w

is an important factor to be considered while watering R A7 ) jiedin Hih

the yields. Temperature is expressed as °C. XX m ‘

The range for temperature of the soil is between 0 to
60 degree Celsius and the type of membership
function is Triangular MF for Mamdani and Gaussian XX
for Sugeno as denoted as trimf and gaussmf

Soll-Mojstur@pen Water Pump

respectively. Huniiy
File Edit View XX
A= " Temperature

Membership function plots

-’ 1 Il
e Colf Norma Hot XX 0 0 2 %
1 Input variable "Utrasonic*

FIS Variables

\f\ A
vV | \
JOU AL =
Salsre O Wt Py Fig. 10: Membership Function plot for ultrasonic
\iﬂi signal for the water tank level using Mamdani
FAVAN
plot paints: 181
_—
FIS Varizbles
S Low Medium High
’X\ ,;\ fiu)
AA hm:.‘mab‘e - ‘Soil-Moisture Open Water Pump
Ulrasanic \ /"A\.)/f
Fig. 8: Membership Function plot for temperature JAVAN
around the soil using Mamdani ot
plot points: 181 ‘\’:’ \’f :
. Memmbership function plots m—:;
— Very Cold Cold Norma Hat T
input variable “Utrasonic”
Soil-Moisiuipen Waler Pump Ulirasonic
ViV Fig. 11: Membership Function plot for ultrasonic
A | signal for the water tank level using Sugeno
Humidity
VY Rule Base
= It contains the set of rules and the IF-THEN
conditions to govern the decision making system that
Yt o would help solve the problem, on the basis of
Ursor ) ) knowledge and experience. Recent developments in
Fig. 9: Membership Function plot for temperature  fuzzy theory offer several effective methods for the
around the soil using Sugeno design and tuning of fuzzy controllers. Most of these

developments reduce the number of fuzzy rules.

Ultrasonic Signal for Water Tank level

As shown in Fig. 10, functionality of all membership  The rule editor is used to and rules, delete rules.
function for water pump output highly dependsonthe  Based on the inputs and the membership function,
availability of water in the reservoir. If the water in fuzzy if-then rules can be defined. Examples of the
the tank is full then the water pump will be turned on  ryles are: a) IF soil moisture and humidity is high
after satisfying other necessary conditions otherwise and temperature is low THEN water pump valve
it remains turned off. The calibration for the tank is in opens 10%, b) IF soil moisture and humidity is low

millimeter. 60mm is the maximum while Omm is the  and temperature is high THEN water control valve
lowest value and 10mm > and < 40mm is considered opens 90%, c) IF soil moisture, humidity is low,
to be the average water in the tank. temperature is high and ultrasonic is 60 mm THEN

o water control valve 0%. Which implies that there is
The range for ultrasonic is between 0 to 100 mm and no water in the tank.

the type of membership function is Guassian2 MF for
68
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Fig. 16: Rule Base Editor

Inference Engine

It determines the matching degree of the current
fuzzy input with respect to each rule and decides
which rules are to be fired according to the input
field. Next, the fired rules are combined to form the
control actions.

Number of rules = (Number of Fuzzy set) ~ (Number
of input parameters).

For this problem, the number of input variables is
four, each having at least three specific linguistic
regions. Hence, resulting number of rules will be at
least 34 = 81 for the input parameters which
illustrated in fig. 16.

There are two types of FIS namely: Mamdani and
Sugeno.

& Fuzzy Logic Designer: FLC of Farm Irrigation - o X

File Edit View

FLC of Farm Iigation

(mamdani)

Open Water Pump

FIS Name: FLC of Farm Irigation FIS Type mamdani

Fig. 12: Fuzzy Inference System for the Fuzzy
Control Farm Irrigation System using Mamdani
Method
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Method
Defuzzification

It is used to convert the fuzzy sets obtained by
inference engine into a crisp (non-fuzzy) value. There
are several defuzzification methods available and the
best suited one is used with a specific expert system
to reduce the error.

Crisp Output is the water pump rate.
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Fig. 14: Membership Function plot for output for
Mamdani method
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Hardware Prototype

A prototype of Fuzzy Logic Control of automated
Farm Irrigation System was designed. It takes a
maximum of one second for all the sensors used to
detect the level of the moisture in the soil using the
soil moisture and sends a signal to the
microcontroller for the appropriate action to be taken.
The soil texture considered in the case study of this
research is Loamy soil.

Water Tank

LS

Fig. 16: Hardware Protbtype Sé\tup

Hardware Prototype Result
As shown in the fig. 17, while the temperature is
30°C, Humidity at 27%, and soil moisture is at its
lowest level 1%, this implies that there is no water
available in the soil. Hence, the water pump is turned
on automatically to water the soil.

Fig. 17: WaterYPump ON

As shown in the fig. 18, while the temperature is
34°C, Humidity at 25%, and soil moisture is at its
lowest level 56%, this implies that there is more
water available in the soil. Hence, the water pump is
turned off automatically to avoid excess water in the
soil and water wastage.

— dvee
Fig. 18: Water Pump ON
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Simulation Results

As shown in the fig. 19, when the soil moisture
content is medium, 30-50 centibars, humidity and
temperature is also medium, then the water pump
opens only 50%.

& Rule Viewer. Farm Irigation - 0 X

File Edit View Options

Soil-Moisture =50 ity ic=30 Open_Water_-Pump=50
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| | I | I J I | I ]
[ ] [ J I J I | [ ]
al N ] LAT ] I J i | [l ]
0 100 0 | 100 -0 60 0 0 I

Fig. 19: Rule View (50% Water Pump Open)

When the soil moisture content is very low, 0-30
centibars, humidity is also very low and the
temperature is high, around 50 °C, then the water
pump opens by 87.5%. To compensate for the
evaporation of water taking place in the soil due to
high temperature, soil dryness the water pump is
87.5% open.

4] Rule Viewer, Farm rigation - o x

file Edit View Options
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Fig. 20: Rule View (87.5% Water Pump Open)
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Open Water Pump

Humidity 0 o Soi-Moisture

Fig.22: Soil Moisture and Humidity Vs Water Pump
using Mamdani Method

From fig. 22, the threshold value is low that means
off when the soil moisture and relative humidity
decreases. The water pump has a low threshold of 50.

Open Water Pump

Humidity 0

60 Temperature

Fig. 23: Temperature and Humidity Vs Water Pump
using Mamdani Method
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From fig. 23, the threshold value is low that means
off when the temperature and relative humidity
decreases. The water pump has a low threshold of 50.

CONCLUSION

In this work, a fuzzy controller system for farm
irrigation system has been developed. Four sensors
were used to collect data. Moisture sensor to collect
the moisture content of the soil. humidity sensor to
sense moisture of the air around the soil, temperature
sensor to sense the temperature around the soil, and
ultrasonic sensor to sense the water level in the tank.
This became necessary so that appropriate quantity of
water can be released to the soil at the appropriate
time. Seeeduino Microcontroller board was used as
the computer hardware component of the system.
Different membership functions were used in the
experiment for the fuzzy variables. These are the
triangular, trapezoidal and guassian membership
functions. A fuzzy inference is then developed to take
the inputs from the membership functions and
generate appropriate output. The implementation was
carried out in a Matrix platform. Experimental results
shows that the system can adequately control the
irrigation system.

REFERENCES

[1] A. A. Anyebe, “Sokoto Rima River Basin
Development Authority (SRRBDA) And Rural
Development in Sokoto State, Nigeria,” Journal of
Economics Bibliography 2(3):134-143, 2015.

[2] A. F. Agbetuyi, H. E. Orovwode, A. A.
Awelewa, S. T. Wara and T. Oyediran, “Design and
implementation of an automatic irrigation system
based on monitoring soil moisture,” Department of
Electrical and Information Engineering, Covenant
University, Nigeria, 2017.

[3] A. Kolawole, “RBRDAs and vulnerability to
hunger in Nigeria,” The case of the south chad
irrigation project. food Policy 13(4):5-20 1988

[4] A. Kumar and S. Megesh, “Automated
irrigation system based on soil moisture using
Arduino,” International Journal of Pure and Applied
Mathematics, volume 116 No. 21 2017, 319-323.

[5] A. M. Michael, “Irrigation: theory and
practice,” Vikas Publishing House Itd New Delhi,
India, 1978.

[6] A. Oravee, “Lower and upper Benue river
basin  development  authorities and  rural
development,” A comparative study. Research on
humanities and social sciences 5(13):11-16, 2015.

[7] B. Hira, I. Fatima, I. Sadaf and U. Mohib,
“Quantitative groundwater assessment of pashin,
balochistan for sustainable water management,”
Pakistan Journal of Agricultural Sciences, 57(2),
591-596, 2020.



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 14(2):64-74 (ISSN: 2141-7016)

[8] B. Turner; “Small-scale irrigation in
developing countries”. Land use Policy 11 (4) 251-
261, 1994.

[9] C. A. Akande, J. Mateu and R. Henriques,
“Geospatial Analysis of Extreme Weather Events in
Nigeria (1985-2015) Using Self-Organizing Maps,”
Advances in Meteorology, 11, Article ID 8576150,
11 p, 2017.

[10] C. Jorge (Eds), “Performance measurement
in farmer managed irrigation System,” Proceedings
of an International Workshop in performance
measurement in farmer-managed irrigation Systems
in Meridoza, Argentina, during 12 to 15 November
1991. Colombo, Sri Lanka IIM/XXXIV 266PP, 1993.
[11] E. Neamatollahi, J. Vafabakhshi, M. R.
Jahansuz and F. Sharifzadeh; “Agricultural optimal
cropping pattern determination based on fuzzy
system,” Fuzzy Inf. Eng. (2017) 9: 479-491, 2017.
[12] E. O. Oriola and M. O. Alabi, “Assessing
river basin system potentials to enhance sustainable
irrigation farming operations and management in
Nigeria. journal of environmental research and
development 8(3):515-522, 2014.

E. U Nwa, “History of irrigation,” Drainage
and flood control in Nigeria from Pre-colonial time to
1999” Spectrum Books Limited, Ibadan, Nigeria,
2003.

[13] A. Kumar and S. Megesh, “Automated
irrigation system based on soil moisture using
Arduino,” International Journal of Pure and Applied
Mathematics, volume 116 No. 21 2017, 319-323.

[14] FAO, “Farm Management for Asia: A
Systems Approach, Department of Agricultural and
Resource Economics,” University of New England,
Australia, 1997.

[15] FAO-Aquastat, “Information system on
water and agriculture. food and agriculture
organisation of the United Nations,” Water Report
No. 29, 2005.

[16] FAO-Aquastat, “Food and agriculture
organization. Aquastat project,” FAO. Rome, 2016.
Retrieved June 26, 2020, from
http://www.fao.org/nr/water/aquastat/main/index.stm
[17] Federal Ministry of Agriculture and Rural
Development (FMARD). “Agricultural
transformation agenda: we will grow Nigeria’s
Agricultural Sector. Draft,” Abuja, Nigeria, 2011.
[18] Food and Agricultural Organization (FAO).
FAOSTAT Database. Retrieved June 26, 2018, from
http://faostat.fao.org/site/291/default.aspx.

[19] G. Carsell, “Agricultural intensification and
rural sustainability livelihoods,” “a think piece”. IDS
Working Paper 64. IDS Publication office. Institute
of Development Studies, University of Sussex,
Brighton, United Kingdom, 1997.

[20] Garcia I. F. (2020), "Trends and challenges
in irrigation scheduling in the semi-arid area of
Spain," Water, vol. 12, no. 3, Mar. 2020, Art. no.
785.

72

[21] H. O. Aidi, C. Emecheta and I. K.
Ngwudiobu, “Population and economic growth in
Nigeria: is there empirical evidence of casualty,”
International Journal of Advances in Social Sciences
and Humanities 4(2):59-66., 2016.
[22] H. Takeshima and F Yamauchi; “Irrigation
Pumps and milling machines as insurance against
rainfall and price risks in Nigeria,” IFPRI NSSP
policy note 33.
http://www.ifpri.org/publication/irrigationpumps-
and-milling-machines-insurance-against-rainfall-and-
pricerisks-nigeria, 2012
[23] H. Xie, L. You and H. Takeshima; “Invest in
small-scale irrigated agriculture”: A  national
assessment on potential to expand small scale
irrigation in Nigeria. Agricultural water management
193:251-264, 2017.
[24] [IMI, “Improving the Performance of
Irrigated Agriculture,”: IIMI’s Strategy for the 1990s
1M1, Colombo, Sri Lanka, 1992.
[25] I. O. Akinyele, “Ensuring food and nutrition
security in rural Nigeria: an assessment of the
challenges, information needs, and analytical
capacity,” Nigeria Strategy Support Program (NSSP).
Background Paper No. NSSP 007. International Food
Policy Research Institute, Washington D.C, 2009.
[26] J. R. Moris, D. J. Thom, “Irrigation
Development in Africa”: Lessons of experiment
studies in water policy and management. no 14, west
view press Inc, Colorado, USA, 1990.
[27] K. Abhishek and S. Mages, “Automated
irrigation system based on soil, moisture using
arduino,” International Journal of Pure and Applied
Mathematics. Volume 116. No. 21, 319-323, 2017.
[28] K. Byrnes, “Water users’ association in
world bank assisted irrigation projects in Pakistan,”
pp. 31-39. World

Bank Technical paper 173. Washington,
D.C, 1992.
[29] K. Kimmage, “Small-scale irrigation
initiations in Nigeria,”: The problems of equity and
sustainability. Applied geography 11(1):5-20,991.
[29] K. Y. Hassen; “Assessment of small scale
irrigation using comparative performance indicators
on two selected schemes in upper awash river
valley,” Soil and Water Engineering, The school of
graduate studies, Alemaya University, 2004.
[30] L. Agrawal, D. Bhitika, D. Shilpi, Y. Priyanka
and K. C. Mukesh, “Smart irrigation system using
8051 microcontroller and fencing control using
bluetooth module,” International Journal of
Advanced Research in Electrical, Electronics and
Instrumentation Engineering, Vol. 7, Issue 5, 2018.
[31] M. M. Lwin, W. Soe and C. Zar, “Automatic
pump controller for solar photovoltaic irrigation
system”. International journal of trend in scientific
research and development, VVolume 2, issue 5, ISSN
No. 2456-6470, 2018.



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 14(2):64-74 (ISSN: 2141-7016)

[32] M. Balarabe, K. Abdullah, M. Nawawi and
A. E. Khalil, “Monthly temporal-spatial variability
and estimation of absorbing aerosol index using
ground-based meteorological data in Nigeria,”
Atmospheric and Climate Sciences 6:425-444, 2016.
[33] M. K Yahaya, “Development and challenges
of Bakolori irrigation project in Sokoto State,
Nigeria,” Nordic journal of African studies
11(3):411-430, 2002.
[34] M. Jurriens, D. Zenhun, J. Boonstoa and J.
Feyen and J. Surdve, “Surface irrigation,” software.
Publication 59 ILRI Wageningen, 2001.
[35] M. L. Shabadi, N. Patil, J. Shruti, P. Smitha
and C. Swati, “Irrigation control system using
android and GSM for efficient use of water and
power,” International journal of advanced research in
computer science, software engineering, Volume4,
Issue 7, July, 2014.
[36] M. U. Bibi, J. Kaduk and H. Balzter,
“Spatial-temporal variation and prediction of rainfall
in northeastern Nigeria,” Climate 2:206-222, 2014.
[37] N. A. A. Khalifa and Mahmoud, "Effects of
drip irrigation system for long life fruit trees on
different economic bases,” International transaction
journal of engineering, management, & applied
sciences & technologies, vol. 11, no. 11, 2020, Art.
no. 11A11P, 2020.
[38] N. A. Cosmas, C. A. Chinenye, O. N. Okala
and O. C. Godwin, “Present and prospective roles of
irrigation in national food security in Nigeria,”
International Journal of Applied Agricultural
Research 5(4):455-466, 2010.

[39] N.  Costicc A.  Dobrescu  (2006).
Neurofuzzy;in  “Irrigation ~ management,  8th
international conference on development and

application systems,” Suceava, Romania, May 25-27,
2006.

[40] Nigeria National Committee on Irrigation
and Drainage (NINCID) (2015). Country Profile -
Nigeria. Federal Ministry of Agriculture & water
resources. Abuja, Nigeria. Retrieved June 12, 2018,
from www.NINCID.org/cp_nigeria.html.

[41] O. A. Adekunle, F. O. Oladipo and I. Z.
Busari, “Factors affecting farmers’ participation in
irrigation schemes of the lower Niger river basin and
rural development authority,” Kwara State, Nigeria.
South African Journal of Agricultural Extension
43(2):42-51, 2015.

[42] O. Ibe and E. Nymphas, “Temperature
variations and their effects on rainfall in Nigeria,” In:
Dincer |, Hepbasli A, Midilli A, Karakoc T, ed.
Global Warming. Green Energy and Technology.
Springer, Boston, MA, 2010.

[43] O. I. Adedayo and K.G. Akintola, “A mobile
application system for controlling home appliances
remotely via microcontroller,” Department of
Computer Science, Federal University of Technology
Akure, Ondo State, Nigeria, 2016.

73

[44] O. Olajide, B. Akinlabi and A Tijani
“Agricultural resource and economic growth in
Nigeria,” European Scientific Journal 8(22):103-115,
2012.

[45] 0. O. Olubode-Awosola and E. O. Idowu,
“Social-economic performance of Sepeteri irrigation
project in Nigeria,” Water Resources of Arid Areas
287-299. Proceedings of international conference on
water resources of arid and semi-Arid Regions of
Africa, Gaborone, Botswana, 3-6, August 2004,
2004.

[46] O. W. Olowa and B. T. Omonona, “Water
resources development: opportunities for increased
agricultural production in Nigeria,” Agricultural
journal 3(5):366-374; 2008.

[47] P. Dayo, N. Ephraim, P. John and A. O.
Omobowale, “Constraints to increasing agricultural
productivity in Nigeria. a review: strategy support
program,” Background Paper No NSSP 006.
International Food Policy Research Institute, 2009.

[48] P. G. Mccornick, A.B Kamra, and Girma
Tadesse. “Integrated water and land management
research and capacity building priorities for
Ethiopia”, “Proceedings of a

MoWR/EARO/IWMI/ILRI international workshop
held at ILRI, Addis Ababa, Ethiopia, 2-4 December
2002. IWMI (International water management
Institute), Colombo, Sri Lanka, and ILRI
(International livestock research institute), Nairobi,
Kenya. 267 pp, 2003

[49] P. S. Andreas and F. Karen, “Irrigation
Manual: Planning, Development Monitoring and
Evaluation of Irrigated Agriculture with Farmer
Participation,” Volume II Module 7, 2006.

[50] R. Jorma, “Financing irrigation development
and private sector initiative with special reference to
sub-Saharan Africa,” FAO E-mail conference 15
March to 23 April, 1999. Rome.

[51] S. I. Ladan, “An appraisal of climate change
and agriculture in Nigeria,”. Journal of geography
and regional planning 7(9):176-184, 2014.

[52] S. J. Oad, H. Magsood, A. L Qureshi, S.
Ahmed, I. A. Channa and M.L Ali, "Farm-based
evaluation of sustainable Alternative Irrigation
Practices,” Engineering, technology & applied
science research, vol. 9, no. 3, pp. 4310-4314, Jun.

2019. DOI:  https://doi.org/10.48084/etasr.2810,
2019.

[53] S. G. Alemayehu, “Performance evaluation
of irrigation system. civil and environmental

engineering,” Addis Abba Institute of Technology
(AAIT). June 2018. Retrieved August, 2020.

[54] S. O. Adesina, “The negative impact of
globalization on Nigeria. international journal of
humanities and social science,” 2.
www.ijhssnet.com., 2012.



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 14(2):64-74 (ISSN: 2141-7016)

[55] S. J. Vermeulen, P. K. Aggarwal, A. Ainslie,
C. Angelone, B. M. Campbell, A.J. Challinor, J.W.
Hansen, J.S.I. Ingram, A. Jarvis, P. Kristjanson, C.
Lau, G. C. Nelson, P. K. Thornton and E. Wollenberg
(2012) Options for support to agriculture and food
security under climate change Environ. Sci. Policy,
15, pp. 136-144, 2012.

[56] R. E. Sojka, D. L. Bjorneberg and J. A.
Entry, “Irrigation: An Historical Perspective. In: Lal
R, ed,” Encyclopedia of Soil Science (1st Edition):
pp. 745-749, 2002.

[57] S. V. Devika, S. Khamuruddeen, S.
Khamurunnisa, J. Thota and K. Shaik. “Arduino
based automatic plant watering system,” International
Journal of Advanced Research in Computer Science
and Software Engineering. 4, 449-456, 2014.

[58] T. Arokoyo, “Challenges of integrating
small-scale farmers into the agricultural value chains
in Nigeria,” Paper Presented at the 2012 Edition of
the Annual National Agriculture Show Tagged
Promoting Sustainable Investment in Agriculture in
Nigeria. October 14, 2012.

[59] T. C. Chineke, S. S. Jagtap and O. Nwofor,
“West African monsoon: is the August break
“breaking” in the Eastern Humid Zone of Southern
Nigeria Climatic Change,” 103:555-570, 2010.

[60] T. Gleeson, L. Wang-Erlandsson, S. C.
Zipper, M. Porkka, F. Jaramillo, D. Gerten, J.
Rockstrom, L. Piemontese, L. J Gordon, J.
Rockstrom, T. Oki, M. Sivapalan, Y. Wada, K. A.
Brauman, M.F lorke, M. F. P. Bierkens, B. Lehner, P.
Keys, M. Kummu, J. S. Famiglietti and 1. Fetzer,
“The water planetary boundary: interrogation and
revision,” One Earth, 2(3), 223-234, 2020.

74



