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ABSTRACT 

Management and control of water resources is an issue on the rise around the globe, as agriculture lead other 

activities in terms of percentage usage of water whereby more than 50% is wasted due to evaporation as a result of 
many factors like; inappropriate irrigation structure design or installation, maintenance or poor scheduling of the 
structures. This review on “Smart Control Systems for Water Management in Agriculture” is in a way that different 
approaches and methods of using smart controller and sensors were studied as well as some mathematical relations. 
When automatic irrigation systems are coupled with new technologies such as; soil moisture sensors (SMSs); rain 
sensors (RSs); evapotranspiration (ET) – based controllers, wind sensors; web-GIS and remote sensing wireless 
controllers together with some soft computing techniques like artificial neural networks (ANN), genetic algorithm 
(GA), fuzzy logic (FL) could lead to optimum utilization of irrigation water resources while maintaining the quality of 
crops and other agricultural produce. Smart irrigation technology and techniques applications are not only limited to 
agriculture but also to managing of landscapes and lawns to ensure precision agriculture. 

Keywords:Smart controls; sensors; irrigation water management; artificial intelligence; GIS 

1. INTRODUCTION 

 

Water conservation and management is a growing 

issue around the globe for many decades as demand of 

water keep on increasing geometrically. In the U.S. 

more than 7 billion gallons of water are been used daily 

for open-air activities, mainly for landscape and small 

scale urban irrigated agriculture (U.S-EPA, 2009). A 

great percentage close to 50% of this water is wasted 

due to wind, evaporation or runoff as a result of 

inappropriate irrigation structure design and 

installation, maintenance or scheduling (U.S-EPA, 

2009). Mccready et al. (2009) reported that, in the state 

of Florida, it was estimated in 2005 that, 10% out of 

the total number of newly constructed houses in 

the.U.S. were located there, which is due to limited 

water resources and increased water demand. Of those 

new houses, most were equipped with automated 

irrigation systems. These automatic irrigation systems 

when coupled with new technologies such as; soil 

moisture sensors (SMSs); rain sensors (RSs); 

evapotranspiration (ET)– based, wind sensors 

(Mccready et al.,2009), web-GIS (Maina et al., 2014) 

and remote sensing wireless controllers (Nahry et al., 
2011) together with some soft computing techniques 

such as artificial neural networks, genetic algorithm, 

fuzzy logic and lots more (Giusti et al., 2015), could 

lead to what is termed “Smart Irrigation”. 

Landrum et al. (2015) stated that water users especially 

for the crop production purpose are very much aware 

of the spatial variability occurring nowadays and the 

prospective benefits of precision agriculture. As smart 

irrigation technology is embraced fully, especially by 

developing countries, it would help the government, 

water managers as well as the users with detailed 

reports of the optimized actual consumptions (Alberto 
et al., 2012) as an addition to dramatic decrease in 

outdoor water usage, hence water management would 

result. 

Furthermore, smart irrigation technology and 

techniques applications are not only limited to 

agriculture but also to managing of landscapes and 

lawns in order to optimize usage of water (Snyder et 

al., 2015). A variety of irrigation control technologies 

are now available in market to optimize landscape 

irrigation (Mccready and Dukes, 2011). Todorovic et 

al. (2015) states that, considering the physical 
limitations of natural resources like land and water, the 
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relationship between land use, water resources and 

food security is unavoidable. Therefore, new tools, 

techniques and management options are highly 

required to address water usage issues, performance 

and productivity of agricultural system (Todorovic et 

al., 2015). These tools, techniques and management 

options are intended to reduce in terms of volume, the 

excess irrigation via estimating soil moisture content as 

well as relative humidity or in other word dampness of 

the surrounding air and to ensure optimal utilization of 

the water resource.  

Although many works have been done, but there is no 

work which summarizes all these techniques. 

Therefore, the purpose of this paper is to review 

published articles of the aforementioned techniques 

with regards to irrigation water management. 

2.  SENSORS 

 

In agriculture, sensors play a vital role by improving 

the production of agricultural produce and 

simultaneously minimizing the environmental impacts 

to save cost. The three (3) different sensors (ET- 

Controllers, Rain and soil moisturesensors) that are 

commonly used in irrigated agriculture were discussed 

in the following section. 

2.1. Rain sensors 

In agriculture, a rain sensor can be considered as a 

water conservation device specially designed to be 

activated by rainfall so that scheduled irrigation is 

interrupted after a certain depth of rainfall is recorded 

(Mccready et al., 2009). Most rain sensors are 

adjustable and allow you to specify the amount of rain 

that must fall before irrigation is stopped. 
Hygroscopic porous disk (See Figure 1) as an integral 

part of a rain sensor, trigger the stoppage of irrigation 

immediately the disk absorbs water. The disk expands 

in size proportionally to the quantity of water absorbed. 

After reaching an adjustable point following the 

absorption of water, the disk then opened and remains 

open until it gets dry then it shrinks and allows the 

automatic irrigation system to resume. Environmental 

conditions such as relative humidity, solar radiation 

and wind are factors that determine the length of time 

to be taken by the disk before drying (Mccready et al., 
2009). 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1: Mini-click rain sensor: (A) Rain threshold set slots; (B) 

Vent ring. 

 

2.2. Soil Moisture Sensor – Controller SMS 

Optimization of production can be achieved by 

monitoring soil water content in order to help growers 

to conserve water, save energy, reduce environmental 

impacts and save cost (Enciso et al., 2014). SMS-

controllers are designed in such a way that by inserting 

a probe containing multiple sensors into the soil, a 

digital display will indicate the moisture level in the 

soil (Mccready et al., 2009).Water content of a soil can 

basically be determined using SMS by two basic 

approaches: tension-metric or volumetric (Mccready et 

al., 2009). 

According to Qualls et al. (2001) SMSs are of different 

categories which included; 

 Neutron Probe  

 Resistance 

 Tensiometer 

 Capacitance/Time Domain Reflectometry 

(TDR)  

An improvement in irrigation decisions can be 

achieved by monitoring soil moisture level. This is in 

order to know how much water to apply, at what rate 

and when to apply so that to avoid under-or-over 

irrigating the crop. Under irrigation can result in 

reducing crop yield or even totally damaging the crop.  

In the other hand, over irrigation may lead to an 

increase in energy consumption, leaching of fertilizer 

below the root zone, eroding of particles and chemicals 

into drainages and culvert or even ditches as well as 
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mismanagement of water which may lead to having 

high water bills (Enciso et al., 2014).  

Moreover, irrigation for many zones can be controlled 

using a single sensor or multiple zones using more than 

one sensor. Normally, the driest zone is to be chosen 

for locating the sensor when using one sensor for many 

zones so as to ensure uniform and sufficient irrigation 

in the remaining zones. Limiting of excess watering in 

other zones can be achieved by adjusting controller run 

timers (Mccready et al., 2009). 

Mccready et al., (2009) reported that a range of 69% to 

92% water savings were attained using three 

commercially available SMS-controllers while 

maintaining the pasture quality of Bermuda-grass 

(Cynodon dactylon L.). The study was carried out in 

Gainesville, Florida for a 5-month period (July 20
th

 to 

December 14
th
) in 2004, with a record of relatively 

high amount of precipitation during the study period. 

Another study in 1997 was performed in Colorado 

involving homeowners, in which granular matrix SMS 

systems were fixed for 3 years in 23 locations. When 

compared to theoretical water requirement, an average 

of 73% reduction in water volume was achieved using 

the SMS systems (Enciso et al., 2014). 

2.3. ET Controllers 

Evapotranspiration-based or ET-based irrigation 

controllers works based on the ET requirements of the 

plant. ET-Based irrigation controllers can work in 

many ways. Some of these controllers are based on 

already developed data of the irrigation site. Other 

controllers relied on weather information obtained 

from on-site sensors for knowing the ET values, while 

signal based systems do generate their ET information 

in close proximity weather stations. For efficient use of 

ET-controllers, some specific site conditions such as; 

sun exposure, plant variety, root depth and soil type, 

have to be taken into consideration by making 

adjustments to tally with reference ET (i.e. ETo) 

(Mccready et al., 2009). Besides record of increase in 

using ET-based scheduling to optimize use of irrigation 

water in recent decades, there is still a demand for 

improving ET-estimation especially in regions with 

mixed type of vegetation and different microclimates 

since traditional methods are not that promising 

(Snyder et al., 2015).  

In 2006, a study was conducted in Florida by Davis et 
al. (2007) whereby a comparison was made for a 2 

days/week irrigation schedule on a turf-grass with and 

without ET controllers, the result obtained shows that 

an irrigation water reduction of 20 – 60% was achieved 

from the 2 ET controllers of the 3 used without 

affecting the turf-grass quality. A similar, study 

conducted by Mccready et al.(2009) found that 

Irrigation water saving of about 25% to 63% was 

obtained using ET-controllers without affecting the 

quality of turf-grass. Similarly, in another experiment 

using signal based ET controllers, a drop of 20% on 

average of irrigation water applied to homeowner 

landscapes in Las Vegas was recorded when compared 

to no ET-based controller areas. After the experiment, 

a survey was conducted to assess the efficiency of 

using the ET-controllers thereby 87% of the 

participants during the study affirmed that their 

landscape either remained the same or got improved 

(Devitt et al., 2008). 

Furthermore, in another study conducted by Davis et 

al. (2009) for a period of 15 month (August 2006 

through November 2007) found that, an average of 

43% water saving was achieved using ET controllers as 

compared to time-based type of treatment without rain 

sensors and almost twice as effective in terms of 

reducing water usage when compared with using rain 

sensor alone. Throughout this 15-month study period, 

the turf-grass quality was observed to be not affected 

as the ET controllers effectively adjusted their 

irrigation schedule based on the climatic demand of the 

area, recording about 60% maximum water saving 

during winter period and 9% as the minimum water 

saving during spring due to continual dry conditions. 

 

 

3. ARTIFICIAL INTELLIGENT 

 
3.1 Artificial Neural Networks  

Artificial neural networks (ANN) is a computer 

mathematical programs that composed of highly 

interconnected artificial neurons that mimic some 
properties of natural neurons (Chaves and Chang, 

2008). In fact, the ANN model is regarded as a simple 

model resembling human brain (Dehbozorgi and 

Sepaskhah, 2012). It usually consists of three main  

neurons distributed in different layers including an 
input, one or multiple hidden and output layer 

respectively (Machado et al., 2011). Development of 
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an artificial neural network consists of the basic 

essential steps which include required data generation 

for training, ANN model training and ANN model 

evaluation and configuration for selection of an 

optimal selection(Sablani et al., 2003; Shayya and 

Sablani, 1998). ANN have capability of self-learning 

mechanism of relationship between  nonlinear input 

and the desired respond (output) variables and can 

predict, classify and solve complex problems that have 

no simple solution (Puig et al., 2012). The input 

parameters are receiving and process by input neurons, 

then send output signal to other layer in the network. 

Each neuron is connected to other neurons and 

haveeither linear or nonlinear function (Dölling and 

Varas, 2005).  

The ANN flow process is presented in Figure 2. 

Generally, ANN can be applied for solving problems 

including pattern classification, process control, 

prediction, forecasting, function approximation, system 

optimization, associative memory and many more 

(Mohamed, 2013). The key components to ANN model 

comprises of neurons, activation state and output 

function, weights between units, propagation rules, 

activation function for combination of the inputs to 

produce a new level of activation for self-learning and 

learning rule for weights modification through 

experience. All the components combined together are 

known as the  

 

 
 
Figure 2: Simple flow process of artificial neuron (b) Three-

layer feed forward artificial neural network adapted from 

Kariyama (2014). 

 

ANN architecture (Mohamed, 2013; Shayya and 

Sablani, 1998). All these key components are subject to 

be modified which depend on the software used and 

the model developer. Moreover, ANN models are of 

two types; feed-forward and feed-backward networks 

based on the input flow in the architecture (Mohamed, 

2013). 

 

There are several report and published articles focused 

on application of ANN models in irrigation water 

management (IWM). One of the most important 

applications of ANN in irrigation is related to irrigation 

scheduling. Among the essential parameters for crop 

irrigation water management is the reference 

evapotranspiration (ETo) estimation due to its 

importance in determining irrigation scheduling 

(Chemin and Honda, 2006; Cruz-Blanco et al., 2014). 

The ETo is defined as the sum of evaporation and 

transpiration from soil and plant respectively 

(Dehbozorgi and Sepaskhah, 2012). Various 

approaches have been applied for irrigation time and 

period estimating in order to achieved maximum 

irrigation water saving. Landeras et al. (2008) 

developed ANN model for evapotranspiration 

estimation for irrigation scheduling. It shows that the 

result of estimated evapotranspiration obtained by 

ANN model is much better than the calibrated ET 

equation.  

Singh et al. (2009) proposed two models based on 

ANN for BOD and DO concentration in irrigation 

water of the Gomti River (India). The developed 
models could also apply in other areas for water quality 
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investigation and improved management of available 

water resource. Similarly, Chaves and Chang (2008) 

designed and applied an intelligent system using ANN 

model for operational improvement of a multi-purpose 

reservoir located at Shihmen district in Northern 

Taiwan. The use of reservoir includes domestic water 

supply, crop irrigations and many more. They reported 

a good water saving with the application of smart 

control systems for the water distribution from the 

reservoir. The major setback encountered by 

researchers in developing evapotranspiration models is 

its nonlinearity and complexity. 

 

Penman–Monteith (PM) model is the most widely use 

model for evapotranspiration estimation but it requires 

many data for better performance of ET estimation. 

However, its applications have been limited in many 

areas like Burkina Faso due to inadequate climatic data 

required by the model. Moreover, Traore et al. (2010) 

developed ANN temperature based model for reference 

evapotranspiration estimation in Sudano-Sahelian Zone 

in Burkina Faso to overcome the complex process of 

PM model. The model shows better performance as 

compared with the Hargreaves (HARG) method and 

PM model. ETo as a key element for efficient IWM, 

therefore ANN approach is better approach for 

estimation of accurate ETo in Burkina Faso and many 

other areas with unavailable required climatic data. 

Dehbozorgi and Sepaskhah (2012) developed an ANN 

for ETo estimation and compare it with traditional PM 

model and Penman–FAO equation using six and four 

weather parameters as input. They indicated that both 

the three methods produced accurate result when six 

input parameters were used but when input parameters 

were used without wind speed and solar radiation data, 

only ANNs was able to estimate accurate ETo as 

compare with the other models. They concluded that 

their proposed ANN model can be applied everywhere 

with minimum input weather data. Automatic 

controlled irrigation systems were proposed based on 

closed loop control using ANN network. Both of the 

developed models were able to performs irrigation 

whenever is needed. The developed control systems 

shows better performance than the traditional time 

based open loop irrigation controllers (Capraroet al., 
2008; Umar and Usman, 2010). 

 

However, the information concerning irrigation period, 

energy and water saving were not provided in their 

reports. More recently, Karasekreter et al., (2013) have 
proposed a new irrigation scheduling using an ANNs 

model based on night time irrigation periods. The 

developed system was evaluated in a strawberry field 

at Serik district, Turkey. They reported that about 

23.9% and 20.46% energy and water savings 

respectively were successfully achieved 

Improved photovoltaic precision irrigation using ANN 

model based on soil moisture distribution aiming for an 

ETo estimation for irrigation scheduling was developed 

by Dursun and Özden (2014) for about eight (8) acre 

field of dwarf cherry trees located at Tokat district in 

Turkey. In this study moisture sensor map was 

generated via ANN method. The developed system was 

reported to save about 38% daily water and energy 

consumption of the orchard with an increased 

production yield of the trees. 

ANN applications have been widely utilized in 

agricultural water management (AWM) for many 

purposes with success in soil water and salt content 

prediction (Zou et al., 2010), ground water salinity 

prediction for irrigation purpose (Nasr and Zahran, 

2014),water quality prediction (Najah et al., 2012), 

rainfall run-off empirical model for Jangada River 

Basin, Brazil (Machado et al., 2011), development of 

decision support in AWM (Dölling and Varas, 2005), 

stream flow forecasting for AWM at Awash river 

basin, Ethiopia (Edossa and Babel, 2011) and furrow 

irrigation infiltration forecasting (Mattar et al., 2015). 

 

3.2. Fuzzy Logic (FL) 

 

Fuzzy logic (FL) models have been in usefor a quiet 

long time and have gained tremendous acceptance 

among data-driven techniques due to their 

comprehensible structure. Moreover, the logical rules 

that form the core of the model  are very easy to 

understand by operators and stakeholder (Giusti and 

Marsili, 2015). FL has been applied successfully to 

numerous practical control systems, as it is very simple 

to create a knowledge base and implementation of 

fuzzy rules on controllers such as soil moisture, ET and 

temperature controllers (Al-faraj et al., 2001; 

Shaughnessy et al., 2012). FL control systems have 

been reported to have a very wide range of applications 

such as in environmental quality detection. 

 

Al-faraj et al. (2001) successfully developed and tested 

a rule-based, fuzzy logic crop water stress index (FL-

CWSI) on tall fescue canopies in a greenhouse. The 

model uses growth chamber and has three inputs 

parameters which included differential canopy-air 
temperature, deficit vapor pressure, and shortwave 
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radiation with crop water stress index as system output. 

The main objectives of the research were to evaluate 

the model using actual crop data and compare it with 

the traditional conventional crop water stress index 

methods. The researchers established 150 fuzzy rules 

which relate the models input and output for the CWSI 

calculations. From the test result, it was indicated that 

using the proposed model, the need of some parameters 

such as canopy, aerodynamic resistance and to 

calibrate theoretical or empirical base line limits when 

using traditional CWSI models were all eliminated. 

The FL-CWSI is attractive to IWM due to its 

simplicity and less climatic variables data and 

calculation.  

 

Ed-dahhak et al. (2013) developed fuzzy logic 

graphical user interface (GUI) using Lab VIEW to 

obtained data for monitoring drip irrigation in a 

greenhouse. About 15 basic fuzzy rules were 

established to relate the inputs variables (air 

temperature and soil moisture) with output variable 

(irrigation duration). “The connection between inputs 

and output, both of which are ‘crisp’ values, is made 

via the linguistic transformation of input membership 

functions, implication and aggregation using the rule 

base, and defuzzification of the linguistic output to a 

numerical value representing irrigation duration”. The 

input variables soil moisture and air temperature were 

apportioned into three (3) and five (5) sets symbolized 

by triangular shapes respectively, while irrigation 

duration was subdivided into three (3) sets, symbolized 

by trapezoidal shapes. The developed FL controller 

could efficiently estimate irrigation scheduling using 

the input variables in automated irrigation greenhouse 

systems.  The irrigation manager can view in real time, 

level of ground water via soil moisture detector; also 

can calculate volume of water from irrigation period. 

The system shows good water saving efficiency, 

simple to operate, very attractive to all class of users 

and low cost to implement. 

 

Likewise, Rahangadale and Choudhary (2011) have 

proposed an FL based irrigation controller designed 

using PM equation for six (6) month rice growing 

season. In this model the system input parameters are 

the difference between actual- and- desired 

evapotranspiration and length of growing season, 

because water requirement increased with increase 

crop growing period. Figure 3 presents a diagram of 

the proposed model. Researchers aim was to develop a 
smart model that can assist irrigation management in 

quantifying crop water requirement. The designed 

system works well with very smooth output. The new 

FL irrigation controller is far better than the traditional 

conventional method.  The control system could save 

lot of water, improve the overall irrigation water 

performance, increases crops yield and reduces human 

labor. 
 

 
 
Figure 3: Proposed FL irrigation controller model Equation 

(Rahangadale and Choudhary, 2011) 

 

Chavarro et al. (2014) developed and carried out 

performance evaluation of irrigation systems using a 

FL control system in North of Huila, Colombia. For 

this system, the input variables were income rate and 

relative water supply throughout the period of 

irrigation for the cultivated land ($ ha-1) while the 

output parameter was the irrigation system 

performance (%). Furthermore, only nine (9) fuzzy 

rules were used for this model. With implementation of 

these tools in the agricultural sector particularly in 

irrigation systems performance evaluation, would assist 

agricultural professionals in decision making. 

 

Additionally, Touati et al. (2013) developed a stand-

alone smart irrigation system (SSIS) in a state of Qatar 

which uses FL-based feedback ON/OFF regulator. The 

input variables for this system were temperature, soil 

moisture and volume of water used. The variables were 

monitored using wireless sensors and the data sent to 

the FL controller to schedule the irrigation according to 

the developed FL base rules. The system was designed 

to maintain the soil moisture at least 17% for cucumber 

cultivation thereby saving water, energy and reduce 

system’s runoff frequency. This system was very 

effective because it’s also enriched with Zig-Bee–

GPRS remote for wide-range wireless monitoring. 

Another advantage of this system is that, it is easy to 

install in existing drip irrigation and the model is 
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economically affordable. Hence foster good water 

management.  
 

3.3. Genetic Algorithms (G.A) 
 

Genetic Algorithm (GA) is a global random search 

algorithm that imitates the process of natural genetic 

selection to solve complex problems. The problems are 

represented by string chromosome population and the 

string is made up of many blocks that represent each 

single (genes) problems variable. The variables in the 

string are processed in a fitness function (Bhaktikul et 

al., 2013). 

 
3.3.1. Fundamental Operators of Genetic 

Algorithms 

There are three (3) important operators that are 

involved in strings manipulation and move into a new 

generation which included: Selection, crossover and 

Mutation and crossover have influence on obtainable 

results and most of the problems have different 

approaches (Bhaktikul et al., 2013). 

 

Selection: Selection is a process through which 

populations (chromosomes) are initially generated for 

possible reproduction process and each string are 

selected based on their fitness values under certain 

condition. The chromosome having best fitness value 

among randomly picked chromosomes would be 

selected for the tournament. The chromosomes that is 

selected for the tournament would compete for survival 

in the reproduction process where as the best 

chromosome goes on into the mating population, this is 

where crossover operator applied (Jain et al., 2005).  In 

the review Mohan and Vijayalakshmi (2009) listed out 

the most widely used selection operators, these 

includes: 

 Fitness proportionate selection 

 Tournament selection 

 Ranking selection 

 Steady state selection and  

 Elitism selection 

Crossover: Crossover is an essential part of a GA 

network. The crossover operator allows blocks of 

information exchange among the pairs of strings within 

the population. This operator provides the opportunity 

of good genetic material from more than one individual 

strings that are combined to produce new individual 

and operator maintain the original material from the 
two main parent string. The crossover techniques are 

one, two and uniform crossover respectively 

(Bhaktikul et al., 2013). 

Mutation: Mutation is another GA operator that 

modifies one or more gene values of the chromosome 

from its original state. This can lead to completely new 

gene values to be added in to the gene pool. A better 

solution is possible by the GA due to these developed 

new gene values (Bi et al., 2014). 

Several GA models were developed for controlling of 

water distribution for various irrigation schemes in the 

past decade aiming toward water loss reduction 

(Jothiprakash and Shanthi, 2006), irrigation planning 

(Raju and Kumar, 2004), equitable water distribution, 

water saving, better water scheduling (Pulido-calvo 

and Gutie, 2009) and increasing water productivity 

index. Towards the end of 2009, Irmak and Kamble 

(2009)developed ET data assimilation by integrating 

GA and SWAP model for irrigation scheduling based 

on irrigation demand. Similarly, Elferchichi et al. 
(2009)designed and developed a GA for operation of 

multi-reservoirs for irrigation system controls. The 

researchers applied and tested the model in a case 

study at Sinistra Ofanto irrigation project, Italy. They 

Use five (5) different reservoirs receiving their water 

from dam, with each serving various irrigation 

command areas. Meanwhile, they reported that the 

model was effective and reliable in irrigation water 

distribution and scheduling. 

 

Peng et al.(2012) presented a simplified multi-

objective GA optimization model for irrigation canal 

scheduling. The model was developed in a MATLAB 

using its GA functions. The main purposed of the 

developed model were to minimize large canals flow 

rate fluctuations and to eliminate seepage losses from 

the canals system for better water management. The 

advantages of this model in IWM control systems are 

that, it can be used at any level of the canal and very 

easy to operate for decision making from the user 

interface by all class of irrigators even without any 

prior knowledge of MATLAB. On the other hand, the 

main drawback of this model is that seepage equation 

developed was established based on water delivery 

efficiencies of Gaoyou Irrigation Area (GIA). 

Therefore, for this model to be applied in other 

schemes, it needs to be modified or calibrated.   

 

Furthermore, Bhaktikul et al. (2013) developed GA for 

real time irrigation water allocation and compared it 

with the existing “Water Algorithm Scheduling and 
Monitoring (WASAM)” model. The main objectives of 
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the proposed model were to minimize water shortage 

during drought season and to provide equitable water 

distribution for the scheme. They derived water 

balance models by constructing chromosome that is 

representing all the 32 canals in the scheme. Moreover, 

following a series of sensitivity test, the report shows 

that good results were attained with crossover. Both the 

two models were applied and tested with three (3) 

scenarios drought, flood and normal periods in a case 

study of Song Phi Nong Irrigation Scheme, Thailand. 

The developed model demonstrated better efficiency in 

equitable water supply in the canal during the drought 

period than the widely used WASAM model which 

shows very low efficiency during drought season. 

 

 

4. WEB-BASED GEOGRAPHIC INFORMATION SYSTEM (GIS) 

 

Irrigated agriculture is exploring various smart 

technologies for controlling the huge water loss from 

the irrigation schemes. Meanwhile, the management of 

irrigation water resources requires efficient analysis of 

spatial data; basically due to their variability and 

spatial distributions hence, the need for easy analysis 

and manipulations of these data has led to the 

widespread application of the GIS with other wireless 

and sensor technologies in IWM. Irrigation monitoring 

and scheduling is one of the various applications of 

these systems as it allows for ease of visualization of 

irrigation methods, total volume of irrigable water, 

deficit and surplus regions of a particular command 

area. Todorovic and Steduto (2003)developed  an  

irrigation module for IWM using GIS based on the 

spatial climatic and soil data using a vector layer 

consists of regular square pixel cells (pseudo-raster), 

the system utilized ArcView GIS and a modified 

programming language for applications in GIS 

environment. A regional GIS database was developed 

and further evaluated by creating irrigation scenarios 

for estimation of irrigation water requirement and 

deficit areas by considering crop system, moisture 

condition (dry or wet year), irrigation method and the 

hydraulic properties of water supply systems which are 

very essential for irrigation scheduling (Forteset al., 
2005). Irrigation scheduling is the measure of when to 

and how much to apply water to the crops at each 

irrigation event. Rowshon et al.(2003a) used GIS for 

periodic distribution of irrigation water deliveries in 

paddy field during wet and dry season based on water 

demand. It was very helpful for entering related 

information to irrigation scheduling and selection of a 

particular area in paddy field. It also assists the 

managers to visualize graphs, tables and maps and 

finally displayed the recommended discharges to 

justify a decision as the season continuous. The 

observed and computed results of 1997/1998 growing 

season in the command area indicated that the onsite 
result were greater than the calculated one which 

revealed higher discharge in wet season and that the 

observed values were less than the calculated in dry 

season. Therefore, the system can be useful for 

assessment of irrigation water distribution and 

deliverance using periodic results. Similarly, Rowshon 
et al.(2003b) developed another computer program 

with GIS based user-interface for monitoring irrigation 

water deliveries based on water supply and total water 

supply from periodic water balance on weekly basis, 

which is significant for analyzing the irrigation indices 

of approved water supply obtained from scheduling 

program of constant head orifice and output field data. 

The analysis was very useful indication of uniformity, 

under or over irrigation in a command area. The 

program classifies the irrigation delivery performance 

on previous week basis displayed in form of graph, 

maps and tables to ease manager’s decision on what to 

do in the week ahead as the season continuous. The dry 

season of 1997 result of RWS was a bit higher than in 

wet season.  

 

Raghuwanshi et al. (2004) simulated a paddy irrigation 

scheduling modified with GIS based on water balance 

of a given day, crop and soil data. It consists of sub-

irrigation scheduling models of crop yield, crops and 

ETo. In addition, the GUI was developed using 

Microsoft Visual Basic. It estimated an applicable 

depth to water of given day for both single and 

multiple field cases and performed better during dry 

than monsoon season. The model was tested by 

comparing daily simulated and measured water depths 

for monsoon on 12.2 ha irrigation scheme of 

Kangsabati, West Bengal, to determine the lateral level 

irrigation water required during the monsoon and the 

dry seasons. The seasonal water supply shortfall by 

60% and 23% demand in monsoon and dry seasons of 

1999 and 2000 respectively. The difference between 

the supply and demand revealed that the irrigation 

water supply doesn’t consider crop water demand. 
Pereira et al.(2005) developed a GIS based irrigation 
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scheduling simulation to assist for improved water use. 

The model resulted from integration of GIS ArcView 

3.2 with simulated irrigation scheduling. The 

integrated system was aimed at providing spatial and 

weather database to ease manipulations of crop 

irrigation maps and timely irrigation depths at a 

particular command area which provides support for 

irrigation scheduling, the system also help in finding 

some activities which may result in water saving and 

monitor salt water intrusion. The system is capable for 

15–20 days’ irrigation scheduling. 

 

Georgoussis et al. (2009) developed open source 

software integrated in ArcGIS environment based on 

two assumptions of 2004 weather and crop water data; 

80% decrease in rainfall with 10% recurrent and 

increase in the mean daily temperature of year 2004 on 

hydraulic properties in similar sub-regions. The depth 

of soil water contents with time was visualized on 

screen in graphs or a map. The system was applied to 

6302 ha land in Thessaloniki plain, for controlling 

regional irrigation scheduling. The irrigation 

scheduling suggests that, an addition of 58% in 

irrigation requirement when the assumed data prevails, 

for efficient application of this software, a 

representative sampling points for hydraulic properties 

and composition of the soil in request for 

homogeneous soil sub-regions with weather data 

appropriate to the microclimate of the study area. The 

system requires the plant water relation and timely 

programming variables for future improvements. In 

Jiangsu province, China,Ju et al. (2010) simulated an 

ecosystem based model using remotely sensed data and 

GIS techniques to simulate a soil water content and 

monitor soil water deficits in relation to processes and 

mechanisms related to carbon and ET in a cropping 

area. After validation and calibration, the model proved 

capability to assessed 40-82% variations of the 

gravimetric methods of soil water content measurement 

in the nine agro metrological stations in 2005/06. The 

simulated ET shows similarity with crop ET 

determined using the Pan Evaporation measurements; 

it was low in 2006 than in 2005 because of variation 

that occurred in 2006. The model indicates good ability 

for application in areas where there is variation (high 

or low) in soil water content affected by inter annual 

variation of rainfall. The workability of the model 

could be influenced by truncations, parameters and 

uncertainties in the input. Mohd et al. (2014)developed 

SWAMP (Soil water management for paddies); Web 

based Geospatial decision Support System (DSS); GUI 

by widgets technology for easy access to various views 

for rice IWM Scheme. The system integrated ArcGIS 

viewer for flex, Microsoft SQL database and ArcGIS 

10.1 advance. DSS are combination of information 

based systems which supports decisions and the user 

effects the decision making process. The system 

provides information regarding irrigation water 

demand and supply, irrigation efficiency and water 

productivity index which can be operated to non-GIS 

experts for IWM. Some important features of this 

system include the provision of real time information 

by visualizing the displayed results. The search widget 

enables easy search of any activity by zooming to the 

area of interest. The layers have legend for simple 

interpretation of command layer and enable farmer to 

apply fertilizers base on soil fertility map of the area.

5. CONCLUSIONS 
 

Based on the reviewed literature so far, it is evident that, 

nowadays, there has been an increase in developing 

techniques and designing of models to serve as automatic 

controllers in IWM. Various types of sensors and 

controllers are now available in the market. From the 

artificial intelligent point of view, it is evident that ANN 

is the most widely used in ET estimation to optimize 

water utilization. GIS-based technology is now gathering 

momentum towards many applications for decision 

making process. As GIS is integrated with remote 

sensing, artificial intelligence (e.g. ANN, GA and FL), 

GPS technology and other systems would result in 
saving huge amount of water used for irrigation purpose. 

Data to be used in GIS could be obtained from 

metrological stations, though obtaining a reliable and 

accurate data is the most difficult task, as well as its 

availability for validations. Similarly, some remotely 

sensed data users have limited access to high resolution 

data which may leads to inefficient analysis. In the other 

hand, some that used on-site water balance relations were 

unspecific on their adopted model because on-site water 

balance directly depends on aspect (i.e. slope of the 

land). Meanwhile, different models for irrigation water 

management mentioned earlier have been employed. 

However, not all the techniques show 100% efficiency. 
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Therefore, it is advantageous to integrated different 

techniques to achieve optimum water utilization.  
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