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Abstract

Water resources are a limiting factor for the country’s agricultural production, and saving water becomes a necessary
prerequisite. In this logic, irrigation technologies appear to play a major role in supporting Egypt's agro-economy. However,
using such modern means of irrigation control can help in scheduling both irrigation and fertigation processes very accurately,
providing different cultivated crops with their exact requirements of water and fertilizers at the correct time for the plant.
Moreover, it will consume the minimum water, fertilizers energy, and labor as well. Also, it will render the plant avoid any
stress of water deficiency. This review article aims to present some automated scheduling techniques for accurate irrigation
management in Egypt, as one of the solutions to overcome the impact of climate change. This can be done through several
methods such as irrigation scheduling using the data required for irrigation scheduling or by using irrigation scheduling
programs and models. As well as the use of automatic irrigation, whether by means of ground humidity or controlling the time
and amount of water. Precision agriculture using the Internet of Things (1oT) is a broad class of related technologies that will
maintain precise control over farm decisions. This method of planting decisions is intended for specific crops and not for an
entire region. Precision farming combines agricultural machinery and efficient agricultural operations to meet the specific
needs of farmers. For example, making the best decision to manage irrigation systems by automatically scheduling irrigation
and knowing the plants' needs for water in actual amounts and in real-time.
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1. Introduction population.  Consequently, water requirements
Life in Egypt depends entirely on the water drawn increased to meet the increasing demand for food [1,

from the Nile River. Under the 1959 agreement, a 2,3].

fixed and specified limit for Egypt's share of the Due to the limited water resources and the

Nile's water was established at 55.5 billion cubic population explosion, water must be used as a scarce

meters annually. This water represents about 97% of commodity [4, 5, 6]. Therefore, many measures must

the natural water resources in Egypt and about 68%
of the water footprint of Egypt. According to the
statistics of the Central Agency for Mobilization and
Statistics, the population of Egypt reached 101
million people for the year 2021, which led to a
decrease in the per capita share of water to about 560
m? / year, at a time when the United Nations defined
water poverty as 1000 cubic meters per person per
year. Hence, the per capita share of water decreases
annually, in inverse relationship with the increase in

be taken to maximize the efficiency of water use.
Providing crops with the ideal amount of water and
nutrients throughout the growing season in the most
effective manner is one of the biggest difficulties
confronting sustainable agriculture. Pressurized
irrigation methods of all kinds work to raise irrigation
efficiency and rationalize water use [7, 8].

However, if these methods are automatically
scheduled and adjusted to give exactly the calculated
or estimated amount of water appropriate to the needs

*Corresponding author e-mail: marwamahmoud30@yahoo.com.; (Marwa Mahmoud Abdelbaset).

Received date: 18 September 2022, Revised date: 10 October 2022, Accepted date: 02 November 2022

DOI: 10.21608/EJCHEM.2022.163753.7001

©2023 National Information and Documentation Center (NIDOC)



404 M. M. abdelbaset et.al

of the plant during the different growth stages, then
this will save any water losses and give the plant the
exact basic needs of water and nutrients for optimal
growth and production. The use of an automatic
irrigation system is a way to enhance irrigation
techniques while also achieving water-saving goals.
The ability of agricultural systems to promote food
security is therefore improved through smart
irrigation. Therefore, the main objective of this
review is to present precision irrigation management
using automatic scheduling techniques under
environmental drought stress conditions in Egypt.

1- What is the definition of precision irrigation?

There are three sides to designing a precision
irrigation system. The first is the evaluation of the
irrigation system to detect potential deficiencies in
the irrigation system and its management. The second
focuses on precise scheduling irrigation based on (1)
the actual crop water requirements and (2) the design
of the ideal pulse irrigation. The third side is,
developing an irrigation system using new
technologies as shown in Fig. 1. As well as,
developing new irrigation supported by new
techniques for precision irrigation with full control of
the amount of water and assistance with information
and decision-making [9].

[10] designed a precision irrigation method based
on a multi-platform model, to give farmers the actual
amount of water in the strawberry sector. So,
precision irrigation is defined as a method or a
technique of applying the actual amount of water
according to the quantities and requirements of crops,
with a low effect on the environment [11].

2- Irrigation scheduling

Irrigation scheduling is defined as some successive
estimate to determine the time of irrigation and the
amount of water used [12, 13]. Establishing an
irrigation schedule in time to match the water demand
of crops is important for increasing water use
efficiency in arid regions [14]. [15] defined irrigation
scheduling as adding water to crops at the correct
time and in the specified amount, without losses or
increases in water, and is an important management
factor. Many factors such as plant evaporation, soil
characteristics, profile, and spread roots are also
taken into consideration to estimate an appropriate
irrigation  schedule. To calculate irrigation
scheduling, climate data for the area, soil, and plant
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information are used, in order to irrigate with
quantities of water consumed by plants, soil surface
losses, and deep percolation [16, 17].

Evaluation of the current management
using performance indicators

l

Precision
irrigation system

Implementation of irrigation technology for Design of new methods for irrigation

optimum water management at farm level management based on the selection of
adequate emitters and optimum irrigation

pulses, based on laboratory experiments and

(smart water meters, programmers,
emitters, met station and soil moisture
probes) modeling techniques.

AN 4

Fig. 1. The different sides of the precision irrigation
system; source: [9].

The irrigation schedule determines the actual
amount of irrigation water and the real-time
irrigation. Moreover, evapotranspiration (ET) and
crop coefficient (Kc) are used to estimate actually
applied water in real-time for good growth and
further water saving.

This depends on the radiation, temperatures, wind
speed, and air humidity of the area. Regular
distribution of water across the field is also important
to achieve the greatest benefits from irrigation
scheduling [18, 19].

2-1 The required data for irrigation scheduling
2-1-1 Reference Evapotranspiration

[20] mentioned that, Reference
Evapotranspiration (ETo) can be estimated using the
following equation (1)

0.408A(Rn — G)+ y %uZ(es — ea)
ETo = A+ y(1 + 0.34u2)

Where:

ETo: The Reference evapotranspiration (mm day).

T: The average air temperature/day (°C) at 2 m

height.

u2: The average wind speed at 2 m height (m s?).

es and ea: the saturation and actual vapor pressure

(kPa).

2-1-2 Crop Water Requirement (CWR)

The quantity of water requirement for crops is
determined by the rate of ET in mm day™ and is
equal to the amount of water lost from a planted field
by ET. Crop evapotranspiration (ETc), which may be

®



PRECISION IRRIGATION MANAGEMENT USING AUTOMATIC SCHEDULING TECHNIQUES... 405

computed using the following equation, is used to
estimate CWR [21]:

ETc = Kc X ETo (2)

Where:  Kc: crop coefficient. The albedo
(reflectance) of the crop-soil surface, crop height,
canopy resistance, and evaporation from the soil are
the four key characteristics that set the crop apart
from reference grass. This ratio measures the crop's
ETc to ETo and integrates their impacts.

The crop's Kc will change during the growing
period, which may be classified into four separate
stages: initial, crop development, mid-season, and
late season, as a result of ET variations over the
growth stages [22].

2-1-3 Irrigation Water Requirement (IR)

The amount of root zone depletion at the end of
the day is used to get the daily root zone water
balance by the following equation [23]:

Dy =Dyi1(Pi—Ro;) —I; —CR; + ET.; + DP; (3)

where: Dri: the root zone depletion per day i (mm),
Diii: the moisture content in the root zone at the
previous day (mm), Pi: the precipitation on day i
(mm), Ro;: the surface soil runoff on day i (mm), li:
the irrigation depth per day i which infiltrates the soil
(mm), CRi: the capillary rise from the groundwater
table per day i (mm), ET: the crop evapotran-
spiration per day i (mm), and DPi: the lost water of
the root zone on day i (mm). Moisture deficit is the
amount of water (mm) below field capacity before
irrigation.
2-2 Irrigation scheduling models and software
calculations

There are two methods for calculating irrigation
scheduling, the first is the manual method, which is
inaccurate and needs time in the calculation, and the
second is using computer programs, which is more
accurate.
2-2-1 IrrSch program

IrrSch software is a program used as part of the
RZWQM2 model [24] for irrigation scheduling
calculation. [25] developed an irrigation scheduling.
The program is dependent on consists of two main
interfaces as shown in Fig. 2. The first interface
contains seven processes through which users can
enter information into the program.
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Irrigation Schedule v2.3.

File

Irrigation Schedule
Step1 Location
Step2 Plant Date

Update Weather Data Updated
Step3 Crop
Step4 Soil Show Process

Step5 Water
Calculation

Step6 Management
Step7 Calculate

Back ‘ ‘ Close ‘

McGall

By |37 > a‘r* i hg 2

)tEasn @ ZAAL
Fig. 2. Main-interface-of IrrSch program; source:
[24].

Operations one to six enter and validate pre-
calibrated information regarding parameters of
another model RZWQM?2. Users only need to update
the planting date because some parameters (planting
intensity, tillage, etc.) do not require annual updating.
Three additional processes are contained in the
seventh process, but only two of them are under the
user's control: 1) User can modify weather
information. 2) Determine the button that will cause
IrrSch to switch to the second interface while the
RZWQM2 model is running. The irrigation process
interface, the second interface, is used to see all
irrigation data.

Based on water stresses anticipated by an agro-
hydrological model, [14] created and assessed the
Decision Support System for Scheduling Irrigation
(DSSIS) model for real-time irrigation scheduling.
The irrigation scheduling program was evaluated
with three irrigation scheduling methods, one based
on experience, the second using soil moisture sensor
and DSSIS for irrigation scheduling to improve water
productivity for cotton crop. There is a significant
result for the water productivity of DSSIS program
compared to other irrigation scheduling methods. The
results indicated that DSSIS is a practical method for
scheduling irrigation.

2-2-2 KanSched program

[26, 27] used KanSched for irrigation scheduling
calculation. KanSched computer program was created
to assist in monitoring and tracking the water balance
in the root zone, soil layers' and during irrigation
intervals using evapotranspiration (ET).
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The program may be used to track the amount of
water in the soil under non-irrigated fields. You can
use an instrument ET-based irrigation scheduling to
assist you to choose when and how much irrigation
water to utilize. To determine when an irrigation
event is required and how much water may be
utilized, the basic procedure uses data on crop water
use (crop evapotranspiration, or ETc), precipitation,
and soil water storage. KanSched was created to be
simple to use with few operational inputs and training
needs. Fig. 3 shows the program interfaces. [28]
tested the performance evaluation of KanSched's
irrigation scheduling program that was used in
Kansas City. The data indicated that, KanSched is a
good tool for irrigation scheduling, mainly when
using on-site recorded rain.

ikansched ———————— mmE|
File Information Dema
KanSched

A Water Management and Irrigation Scheduling
Program for Summer Crops

Make a Selection: |

() Startanew field Existing Fields:

) Quick ET

() View ET Field Groups . z
*Double-click to select field

**This program was written for use as a tool to help with irrigation
scheduling and field water management. Neither the programmers nor
Kansas State University are to be held responsible for the information
generated from this program.

This project was supported in part by the Kansas Water Plan Fund
and the Kansas Water Research Resources Institute

z 7 RESEARCHz [ Mobile Irrigation &,
B'K_Qf.‘g EXTENSION Lab e

Fig. 3. KanSched program; source: [27].
2-2-3 CROPWAT computer model

Irrigation scheduling for the crop was calculated
using the CROPWAT computer model. According to
daily climate data is used to calculate ETo using the
Penman-Monteith based method in a file and loaded
into the CROPWAT-8 model, as well as a
precipitation file [29]. After that, the user adds the
crop data, crop characteristics such as plant height,
growth cycle, root depth, and Kc values presented in
the program and also illustrated in [22]. Additionally,
the software includes soil properties such as the
initial soil water content, maximum root depth,
maximum rain infiltration rate, and total available
soil moisture (FC-WP). Fig. 4 shows the steps for
calculating an irrigation schedule using a CROPWAT
program.
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START CROPWAT

-

1

SoilData
1. Soil texture
2. Available soil moisture
3 Infiltration rate
4_Initial soil moisture

Crop Data Climatic Data

1. Growth dates 1 Temperature

2 Crop coefficient 2 Wind speed

3. Root zone 3. Sunshine hours

4. Crop yield coefficient 4. Relative humidity
5 Ranfall

L | v
]
Calculate:

1. Reference Evapotranspiration (ETo) (Penman Monteith Method)
2 Effective Rainfall (USDA Soil Conservation Mthﬂ;

i)

Cropping Pattern
Input each crop's planted area, date and harvest date within an irmgation

scheme

crop Irrigation Requirement (CWR)
Simulate each crop's parameters within growth seasons, including: (1)
crop coefficient, (2) leaf index, (3) crop evapotranspiration, (4) effective
rainfall, (5) percolation, (6) irrigation requirement

L

IRRIGATION
SCHEDULE

Fig. 4. Flow chart of the CropWat model for
irrigation scheduling; source: [29].
2-2-4 Aquacrop computer model

Aquacrop is one of the models used to schedule
irrigation for different crops. On the other hand, the
model is also used to predict the soil moisture
content, canopy cover, yield, and biomass, as shown
in Fig. 5 schematic representation of the evolution of
the Aquacrop model [30].
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Fig. 5. Schematic representation of the evolution of
Aquacrop model; source: [30].

[31] used the Aquacrop model as a tool to
maximize irrigation scheduling using actual and
future climate data for improving water productivity
and maintaining the saline water balance of the wheat
crop in the Khuzestan region. According to the
model's data, it may be used to estimate various
irrigation scheduling scenarios under field conditions
and predict the water and salt balance in the soil as
well as wheat yield.
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3- Automatic irrigation

An automatic irrigation system is defined as a
method of operating an irrigation system without or
with minimal manual intervention and monitoring
system. Automatic irrigation can be used with all
irrigation systems, with the addition of timers,
sensors, computers, or measuring devices. So, the
large areas can be divided into small parts and
irrigation areas, and the parts are irrigated in
succession and a specific sequence in proportion to
the disposal rate available from the water source.
Automatic irrigation is more accurate but more
complex than manual irrigation. So, it must be
replaced the manual irrigation which depends on
labourers, with the use of automatic irrigation
scheduling techniques. It is noteworthy that the
process of estimating evapotranspiration of plants, is
based on different weather factors such as air
humidity, wind speed and solar radiation, as well as
various factors specific to crops such as growth stage,
plant density and also soil characteristics were taken
into account during the application and
implementation of the automatic irrigation
scheduling. Water consumption is decreased by (1)
measuring irrigation consumption, (2) improving
irrigation network efficiency, and (3) creating new
frameworks and tools for water management. So, the
application and implementation of automatic
irrigation systems are encouraged to ensure a more
rational allocation of water in the fields according to
crop conditions [32].
There are many methods of automatic irrigation some
of them can be shown as follows:
3-1 Automatic tensiometers

It is an instrument to record soil moisture. The
indication needle on the Irrometer's gauge detects a
vacuum when soil moisture is depleted. An
adjustable selector switch can be set to any desired
moisture level as shown in Fig. 6 [33]. [7] used
automatic tensiometers for irrigation scheduling for
pea crop. The tensiometer monitors soil moisture
tension using the tension operation. The vacuum that
the plant creates in the soil as it absorbs water for
nutrition is known as soil moisture tension. The
tension range for this force is 0-100 kilopascals
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(kPa), with a high value representing the dry end of
the scale and a low reading suggesting the wet end.

Fig. 6. Automatic Tensiometer; source: [7, 33].

3-1-1 Calibration of tensiometers

[7] calibrated the tensiometer (type of
IRROMETER) to estimate soil water content versus
moisture tension pressure (bar or kPa). Whereas,
when the specified moisture content is reached, then
this indicates the identical pressure, the automatic
tensiometer gives the order to the solenoid valve to
open or close.

[34, 35] recommended using the automatic
tensiometer, to find the pressure that corresponds to
the water content as a percentage of the field
capacity. Whereas, at (100, 80, and 60%) soil
moisture of FC the water content in soil is (12, 10.22,
and 7.2 cm3 cm-3) and the identical pressure is 0.33,
0.65, and 0.82 bar, respectively. Fig. 7 shows the
relationship between the negative pressure head and
the moisture content in the soil.
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y=-0.003x*-0.0021x+ 0.9471
R?=0.9417
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Fig. 7. Determination of pressure head meeting soil
water contents; source: [34, 35].
3-2 Automatic using control panel

Irrigation  controllers are sometimes called
irrigation timers Fig. 8. There are more designs, a
range of easy-to-use features and smart controller
water saving options designed to fit any irrigation
system. The automatic control panels are a modular
design so that they are easy to use and expandable.
Some controllers offer predictive water management
features and access from anywhere in the world.
Automatic irrigation control is preferred as an
alternative to manual control as a tool for adding
irrigation water. The use of automatic irrigation
technology improved the water application efficiency
and water productivity of cucumber yield under
greenhouse conditions [36]. The same trend is
obtained in water application efficiency, yield, and
water productivity was obtained by [37, 38].

Irrigation
Controller

Fig. 8. Automatic irrigation system using control
panel; source: [36].
4- Smart automatic irrigation and 10T

Smart irrigation technology has been developed to
increase production without involving a large number
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of the workforce through detection of water level,
soil temperature, nutrient content, and weather
forecasting.  Operation  according to  the
microcontroller by operating or closing the irrigation
pump. By utilizing several sensors, [39] created an
automated model for the detection of moisture
content and temperature as shown in Fig (9).

“’ \AX&) i
o 7 @ ,

0T device 10T Server /
External
Sensors

Gateway

Fig. 9. Smart irrigation system for farming; source:
[39].

[40] suggested a smart irrigation system that has
software to provide daily irrigation needs of more
crops and give details of crop water requirements
based on actual soil moisture, humidity, and
irrigation scheduling. This approach supports smart
energy consumption along with saving water used
Fig. 10 illustrates the smart farming system design
tools.

Positioning
Technologies

Software
and Mobile
Applications

Data
Analytics
Solution

Fig. 10. The smart farming system design tools;
source: [40].

An autonomous irrigation system that employs a
GPRS unit as a communication tool was created by
[41]. The system's microprocessor is configured to
regulate water usage and carry out precise irrigation
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scheduling. It was established that the water savings
exceeded the irrigation system's utilization by 90%.
[42] also recommended the application of an Arduino
automatic irrigation system to reduce labor usage and
save time in the irrigation process. By updating and
upgrading remote sensors with the use of Arduino
technology, [43] developed a method of automatic
irrigation systems, which may increase productivity
by up to 40%. [44] created a different automatic
irrigation system.

In order to increase crop growth and conserve
water, several instruments and sensors are created for
multiple purposes, such as the moisture sensor to
measure the soil moisture content, another sensor to
measure temperature, and a third sensor to regulate
pressure. The output of all of these devices is turned
into a digital signal and transferred to the multiplier
over a wireless network like Zigbee or a hotspot, and
digital cameras are also placed. Additionally, smart
irrigation systems have uses outside agriculture,
including the management of landscapes, gardens,
and lawns to better control irrigation water
consumption [45].

[46] contend that, given the physical limitations of
natural resources such as land and water, the
necessity for optimal use of land, water resources,
and food security is inevitable. Therefore, all new
technologies are necessary and required to address
the problems of water management and use in
addition to raising the performance of agricultural
production operations. These techniques aim to
reduce the volume of excess irrigation water through
accurate estimation of soil moisture content as well as
atmospheric  humidity, or in different words
estimation of air humidity surrounding plants in order
to ensure the optimal use of water resources.

One of the most commonly used types of sensors
for irrigation water management is the capacitive
type soil water sensors [47].

Among the weaknesses of localized irrigation
systems is the heterogeneous distribution of soil
water, unlike sprinkler and flood irrigation systems,
where irrigation water infiltrates and permeates most
parts of the soil surface, while local irrigation leakage
occurs directly in the area surrounding the emitter
[48].

Therefore, one way to deal with the difference and
disparity between sensors is the actual calibration in
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the implantation area for each sensor individually to
have an operation after fixation [49].

[50, 51] emphasized that automated software tools
are highly required for performing the repetitive
functions and tasks of irrigation scheduling. One of
the big problems with this issue is how to integrate
the sensors into an automatic irrigation scheduling
approach. This study demonstrated that the water
balance method based on capacitive soil moisture
sensors provides and gives a sound basis for
scheduling automatic irrigation in different orchards.

[52] noted that using the Losant farm monitoring
platform and informing the farmer by SMS or email
is important if the system notices any problems.
Losant is a simple platformer based on loT. It gives
real-time monitoring of the data stored in it regardless
of the field location. The sustainability of the
strawberry industry in Spain depends on increasing
water usage efficiency due to the high demand for
water and the rising demand for strawberries as an
export product. Its sandy soil, however, makes
irrigation management challenges. In order to
schedule irrigation precisely under strawberry
farming in Spain, [10] created a multi-platform
program. In this paper, a multi-platform application
has been built for a computer desktop program and a
mobile application. It is a good tool that is easy to use
for scheduling irrigation in the strawberry sector. The
program uses climate data, soil data, and irrigation
system information and provides farmers with
irrigation scheduling. The application has been used
on private export farms. The results showed that there
is a saving in irrigation water between 11% to 33%,
and it is clear from this that the efficient use of water
is actually possible in strawberry production.

CONCLUSION AND RECOMMENDATIONS

Due to the limited water resources, the agriculture
sector is the main consumer of water. It is one of the
imperatives that the agricultural policy must adopt to
work in all directions and by all means to rationalize
water use and raise the water use efficiency in all
aspects of use, especially agriculture.

Therefore, using automatic scheduling techniques
for precision irrigation seems to be a promising smart
approach for irrigation water control and saving.
More experiments and improvement of the system
are required to facilitate and prevail in its
employment. The development of an automatic
scheduling techniques system certainly has a positive
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effect on irrigation economics, which can save water
and increase crop production.
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