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Abstract: Water saving is an essential part of sprinkler irrigation owing to the impact of climate change and rising energy costs.

This review highlights the technologies that are emerging in sprinkler irrigation to optimize crop production. While there have
been notable advances in irrigation, the continued progress has occurred by the combination of current status with the
postulation of new ideas such as conversion of high-pressure sprinkler to low-pressure ones, incorporation of smart controllers
in sprinkler irrigation systems. To enhance the adoption of these technologies, research on the dispersion device is needed to
improve the performance of impact sprinklers to efficiently operate at low-pressure conditions. It is also important to study
how water savings estimates based on water use, irrigated area, longevity of saving, and level of wasteful irrigation prior to the
retrofit obtained from field trials can be extrapolated to other areas with different conditions. Research in the development of
optimized method for irrigation scheduling is necessary. This review emphasizes that the status of technologies should be
considered a continuum, building on earlier knowledge and progress, and hopefully leading toward optimized crop production

Overview of emerging technologies in sprinkler irrigation to optimize crop

in sprinkler irrigated areas.
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1 Introduction

In most parts of the world, lack of efficient irrigation methods
leads to excessive use of irrigation water, leading to reductions in
crop yield. Available data shows that many irrigation systems are
inefficient with less than half of the irrigation water on average
reaching the crop!'™. Hence, improvements in irrigation systems
remains the key to optimize crop production and sustain future food
demands. Irrigation has the potential to increase crop production
per ha by 2.3 times higher than those from rainfed areas'®!.

Sprinklers uses mechanical and hydraulic devices to apply
irrigation water to the soil surface. Sprinkler irrigation can apply
water, fertilizer and pesticides together with the correct amount and
frequency, fertilizer and pesticide efficiency, reduce the occurrence
of plant diseases and insect pests, inhibit the growth of weeds, keep
the soil aggregate knot, provide good conditions for crop growth, to
increase production and improve product quality!’®”. Hence, it can
be concluded that sprinklers can perform better than conventional
irrigation methods. As an example, the yield of field crops under
sprinkler irrigation could be increased from 10%-20%, while
economic and vegetable crops could be increased by 30%,
respectively!®''l.  However, the major challenge that remains
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unresolved is that crop foliage remains wet, thus increasing
incidence of pests or diseases and foliage burn under sprinkler
fertigation. It is also possible that the nutrients may apply to other
areas where roots are not active, decreasing fertilizer-use efficiency.
Another challenge in sprinkler systems is how to avoid runoff and
reduce the effect by the wind. This helps to conserve water
consumed by crops and moistens the soil for agricultural activities
to be carried out. A properly designed sprinkler irrigation has
higher application efficiency that can avoid runoff. Due to the
numerous advantages, its adoption is gradually increasing around
the world. Its adoption is noted as 13.3, 10.1, 6.8, 1.9, and
0.9 million m? in Americas, Europe, Asia, Africa, Oceana,
respectively!'®!?l.  Because of the rising energy-cost and impact of
climate change, there is now the need to saving more water for
optimum crop production through sprinkler technologies under low
pressure.

With the rising demands on water resources, the use of
reclaimed water for irrigation has gained considerable interest in
many parts of the world. Irrigation controllers that incorporate
soil moisture sensors (SMS) for feedback control can have
improved performance, but there has been concern about using
SMS with reclaimed water, which can affect the soil dielectric
permittivity and thus affect the SMS values. Smart irrigation
control systems typically include either a stand-alone controller or
an add-on device that interfaces with a conventional clock-type
controller. The weather-soil moisture-based technologies
incorporated into these devices allow them to function similar to a
thermostat. Like a thermostat, the devices permit irrigation to
occur when needed rather than on a preset schedule. Regardless
of the specific method or technology, the concept is for the
appropriate irrigation quantity to be applied at the appropriate time.

The effectiveness of sprinkler irrigation in minimizing water
losses requires both selection of appropriate sprinkler hardware and
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implementation of appropriate management for the crop, soil,
landscape, and weather conditions. Many types of sprinkler
nozzles can be selected for pivoted and lateral-move sprinkler
irrigation systems. Nozzles can turn the sprinkler head into other
devices that can result in less than 20% use of the irrigation
U316 guch sprinkler nozzles spray the water in multiple
streams that fight the wind better with higher uniformity than

conventional sprays, particularly under specific operating
[17-19]

water

conditions

A major difficulty in sprinkler irrigation is how to achieve
higher application efficiency under low pressure conditions,
particularly for high pressure sprinklers such as impact sprinklers.
Low pressure sprinkler irrigation is gaining momentum, and the
sustainability of pressurized irrigation is being compromised.
This is particularly important in the case of impact sprinklers for
their pressure requirements are higher than pivoted sprinklers.
The dispersion device can be optimized and mounted on impact
sprinklers to facilitate jet breakup, providing a conducive
microclimate for optimum crop production. The present review
highlights on major difficulties in sprinkler irrigation technologies
for optimizing crop production.
dispersion device for impact sprinkler and how water savings
estimates obtained from field trials can be extrapolated to other

Optimization of the fixed

areas with very different conditions is necessary. This could be of
practical importance for saving more water under low pressure
conditions.

2  Technologies that are emerging in sprinkler
irrigation

Sprinkler irrigation begun around the 19th century in Germany,
Italy, the United States and Russia, the first generation of sprinkler
appeared in 1917, but until 1920 the application was limited to
watering vegetables crops and orchards®?!. The initial use of
sprinkler irrigation was the fixed sprinkler systems. Rotating
sprinklers developed by USA, England, France, Germany and Italy
emerged gradually after the 1930s. After world war II, towed,
movable, center-pivot, reel traction, self-propelled and other large
and medium-sized sprinklers emerged, so that sprinkler irrigation
technologies developed rapidly all over the world. Irrigation
sprinkler can basically be categorized into low-pressure and
high-pressure sprinklers?4.  Trends in sprinkler technologies
show that different countries apply different sprinkler equipment.
Every country develops a variety of sprinkler equipment and
sprinkler systems according to their prevailing local conditions.
For instance, USA promotes the use of center-pivot and
self-propelled sprinklers.  Russia uses a double cantilever
sprinkler, while countries like Australia, France and Germany and
many other countries focus on developing hose reel irrigation.
Many countries are expanding the single-machine control area to
improve its efficiency, and reduce the costs associated with labor
and management of sprinkler systems. Fertigation through
sprinkler irrigation is also being explored worldwide. Because the
cost of energy is rising all over the world, there is now a paradigm
shift to replace high pressure sprinklers with low pressure ones,
hence efforts are being made to optimize high pressure sprinklers to
operate under low pressure conditions as well as the use of smart
controllers is gaining interest from irrigators worldwide.

2.1 Conversion of high-pressure sprinkler to low-pressure

Impact and fluidic sprinklers are high pressure sprinklers that
produce moving streams of water at a large distance of throw.

Impact sprinklers provide either full or half circle application
pattern with 12 m head-to-head spacing!*"!.  High-pressure
sprinklers disperse water in a concerted stream, which create small
water droplets that are easily drifted by the wind and evaporation
losses are higher, particularly in arid regions. Sprinklers which
have been designed for operating under high pressure conditions
should not be used under low pressure conditions. Sprinklers are
designed to specification, thus to operate within a specific range of
flows and pressures. For instance, operating impact sprinklers
with 70 kPa-100 kPa will result in distortion of the application
pattern with lower efficiency®2?. This make them distribute
water with excessively large droplets that causes runoff and soil
sealing. Inadequate jet break-up from impact sprinklers occur
when operated under low pressure, resulting in a poor water
distribution.  Operating impact sprinklers under low-pressure
conditions leads to uneven water distribution, and waste of
irrigation water. For these reasons, it is imperative to
mechanically break up the jet with a fixed water dispersion device
to improve water distribution under low pressure conditions.

There are several ways to improve the water distribution of
sprinklers under a low pressure. For example, an orifice nozzle,
non-circular nozzles, vanes and fluidic devices can be installed on
these sprinklers®®*'.  Li et al. developed a fluidic sprinkler based
on the principle of “coanda effect” where water flows from the
nozzle into a tube installed in the fluidic component to form low
pressure area®?. Although this application improved the water
distribution, but there are still some difficulties in relation to the
Hence,
optimization of the fluidic component is necessary to improve its

uniformity of rotation of the fluidic sprinkler.

stability in rotation and lessen the variations in the water
distributions. Both impact and fluidic sprinklers are used in a
solid set configuration where enough nozzles are fixed to spray
They are used on lateral move
configurations and operated from 12-24 hours of irrigation time.
Although these systems are expensive to install, however they can

water in the area irrigated.

be automated to reduce the costs associated with labor
requirements.

The interest in low pressure sprinkler applications to save
irrigation water is gaining momentum. Low pressure sprinklers
such as the R3000 and R33 saves money, saves time with higher
performance than the brass impact sprinklerst'*?").  The R33
sprinkler represent a modern sprinkler with high performance
which gives a larger sprinkler range, resistant to the wind and
uniform water distribution. With the speed control, the sprinkler
can be operated to rotate slowly or fast. For low rotation speed,
the sprinkler gives droplet that are wind resistant with a large
sprinkler range. However, the fast rotation speed produces a
uniform water distribution pattern. Besides it is easy to clean and
cost less to maintain. Without a drive arm, the sprinkler creates
no riser vibration. It also has a long wear life because no seals or
bearings are exposed to water pressure. R33 sprinkler has the
advantages of saving money and time compared with other
sprinklers!'"?%.  Low-cost sprinklers maintain the advantages of
conventional ones by eliminating the limiting factors to their
Examples of such factors include
pressure and cost requirements including the complexity in their
use and maintenance. Improvements in the design and

adoption by smallholders.

management of such systems reduces water losses through runoff
and soil erosion. But, their usefulness in lessening water losses
requires that the operator select the right sprinkler together with
better management practices for crops, soil and weather conditions.
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A runoff-potential index was developed to improve the selection of
pivoted sprinklers®”. The method was tested for other sprinklers,
which showed great differences in the runoff potentials. This
means that the runoff index gives an effective way for deciding on
the type of sprinkler to use by deciding from the sprinklers with
large droplets and ranges.

Pivoted sprinklers have the potential to improve the water
distributions in a crop field by managing crop evapotranspiration,
which is influenced by factors like type of crop, method of
irrigation, climate, and condition of the soil. There is an
integrated sensor to monitor soil and plant contained by a wireless
communication system that gives inputs for algorithms to control
and manage the irrigation system. While the use of site-specific
irrigation systems is growing, there is less knowledge of how these
systems should be managed and optimized to save the resources
needed.  Although there is growing interest in low-pressure
sprinkler systems with applications within or near the crop canopy
to potentially save energy and reduce evaporative losses, their
effectiveness can be greatly affected by their increased runoff
potential. A soil-independent, quantitative runoff-potential index
has been developed by King to facilitate selection of moving
spray-plate sprinklers for center pivoted and lateral-move sprinkler
irrigation systems®®..  The methodology was evaluated for several
commercially available sprinkler packages. The results indicated
that substantial differences exist, and several packages can have
similar runoff potential. The runoff index provides an effective
means for comparing sprinkler choices by identifying sprinklers
with large droplets and relatively small wetted diameters.

2.2 Smart irrigation controllers

Smart irrigation technology promotes healthy and attractive
irrigation by improving watering efficiency with new "Smart"
technologies such assmart irrigation controllers and rotating
sprinkler nozzles. The latest innovation in irrigation is the smart
sprinkler controller, a device that gives your plants the right
amount of water for the time of year, climate and weather. With
smart controllers installed, it is possible to avoid over-watering and
excessive run-off by scheduling the amount of irrigation based on
the type of landscape and current weather conditions.

(1) Rain sensor: A rain sensor is an irrigation shutoff device that
prevents an automatic sprinkler system from turning on during and
after a rain storm. Rain shut-off sensors are wired to a sprinkler
timer and override the scheduled irrigation when a sensor on the
shutoff device detects water™. When the collected rainwater has
evaporated from the sensor, scheduled irrigations resume. Rain
shut-off sensors are simple, economical and useful tools for
preventing irrigation that would be wasteful. Rain shut-off sensors
work best for short off periods. For extended periods, it is more
accurate to have sprinkler timer in the “off” position.

(2) Pop-up nozzle: The latest innovation in sprinkler technology
are nozzles that turn a standard sprinkler head into a precision device
that can water your landscape more efficiently by using 20% less
water®'!.  These nozzles shoot multi-trajectory, rotating streams
that apply water more slowly and uniformly than conventional
sprays and rotors, particularly when adjusted for specific site
conditions (Figure 1). In addition to reducing water use, the water
jetting from these nozzles is more resistant to wind, less likely to
mist, and significantly reduces run-off on the irrigated field.

Rotating nozzles compliment that simple principle.  Rotating
nozzles for pop up spray heads apply water much Not all pop-up
spray head bodies are compatible with these nozzles. However,
the compatibility list is available for check with the nozzle

manufacturers directly, while the weather decides when the
sprinklers come on to save water.

Figure 1

Spray sprinklers with pop-up heads

(3) Soil moisture sensor (SMS): Soil moisture irrigation
controllers use water content information from the sensor to either
allow or bypass scheduled irrigation cycles on the irrigation timer.
The SMS controller has an adjustable threshold setting and, if the
soil water content exceeds that setting, the event is bypassed™'**!.
The soil water content threshold is set by the user. Another type
of control technique with SMS devices is “on-demand” where the
controller initiates irrigation at a low threshold and terminates
irrigation at a high threshold. Soil moisture control devices can
reduce water use on an irrigated field by bypassing scheduled
irrigation events but is important to make sure the irrigation
schedule is programmed into the irrigation timer correctly. Before
setting the irrigation schedule it is important to determine when the
water will be applied and how much to apply with each irrigation
event.

(4) Mobile connectivity: Several smart controller products
incorporate onboard home network connectivity through either
wireless networking technology (WiFi) or a local area network
(LAN) connection®®**.  The unit can connect to the internet
through these.
network, which can be connected to even if the device is not
connected to an external WiFi network. The purpose of the
internet connection varies by manufacturer and model. Many

Some models can also create their own WiFi

units receive data that are used to adjust watering times (e.g.,
precipitation) via the internet. Connectivity can also allow the
smart controller to be accessed through either a web browser or
companion smartphone app managed by the manufacturer as shown
in Figure 2.

Cell phorig

Figure 2 Internet of things (IoT) connectivity

Some devices also incorporate the ability to initiate watering
and adjust scheduling through voice commands to an artificial
intelligence (Al) assistant (i.e., Google’s Assistant® and Amazon’s
Alexa®). Internet and home network connectivity can also enable
a smart controller to be part of the Internet of Things (IoT) with a
variety of creative ways to manage the controller.

3 Irrigation scheduling and water management

Irrigation scheduling calculates the estimated future water
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needs over a period of time to avoid a situation of over or under
irrigation.  Climatic data is generally used to estimate future water
use and to predict the next irrigation time. Irrigation scheduling is
important to meet the requirements of deficit irrigation. The
method is based on the response of crops to variations in
temperature, variations in stem growth rates, lengths of internodes,
and the amount of soil moisture. It is also determined in terms of
energy balance and the response of crops to the climatic factors.
This approach gives a more acceptable yield ratio to water uses,
due to proper timing of irrigations. But the difficulty lies in how
to separate the influence of such method from other good practices
related to the scheduling. In automated sprinkler systems, the
need for field soil water sensors is enhanced, however a major
difficulty is the specific benefits derived from such scheduling
practices. Software inputs vary by crop, but nearly all scenarios
require root depth, irrigation rate, and soil type. Similarly, a
variety of output information is available to better serve the needs
of irrigators.

All the weather-based products reviewed operate on the
principle of scheduling irrigation as a function of weather
conditions. Most of the products use real-time or historical
weather data to schedule irrigation based on ET, which is a
function of weather conditions and plant type. ET is defined as
the quantity of moisture that is both transpired by a plant and

351 The American

evaporated from the soil and plant surfaces
Society of Civil Engineering’s (ASCE) standardized reference
ET,,, equation parameters are maximum and minimum air
temperature, net solar radiation, average vapor pressure, and
average wind speed®. Vapor pressure can be calculated from
humidity, dry and wet bulb, or dew point data; and solar radiation
can be derived from pyranometer or sunshine recorder data. The
standardized reference ET equation is widely recognized as one of
the best methods for estimating ET,,, Other less accurate
equations also are used that require only temperature and solar
radiation parameters, and solar radiation is sometimes estimated as
an average value based on historical data for a given site latitude.
The problem with using estimated solar radiation values is that
significant variability due to cloud cover is neglected, and solar
radiation is obviously an important parameter in ET,,,, calculation.
Some of the products evaluated use these empirical ET.,
equations in their scheduling algorithms. It is significant to
consider which equation is used about ET.,,, estimation accuracy,
or what parameters are measured if the equation used is not
referenced.

Specifically, some weather stations do not measure radiation
directly but calculate it from other parameters, while some stations
are not properly located for ET.,, parameter data collection.
Certain products reviewed use onsite temperature measurements
combined with historic monthly ET,,, or solar radiation data in the
daily ET,,,, calculation. The historic data used are a function of
the site location. An obvious consideration with this technique is
the accuracy of the historic data relative to a specific site. In one
case, only five sets of data are available for the entire of USA.
Several of the products reviewed calculate £7,,, using a full set of
remotely collected data from local weather stations or a network of
weather sensors. The weather station data are collected from
public and/or private weather stations. The weather station and
sensor network data are processed by a centralized computer server
and transmitted to the irrigation sites. There are ongoing service
provider costs associated with the operation of the weather stations,
sensor networks, computers, and information transmission systems

associated with these products. These costs either are absorbed by
water entities or are paid by the users. In some cases, study
results were submitted by manufacturers showing accurate ET,,,
calculation and/or significant water conservation associated with
their product as discussed under the product descriptions in this
report. In addition to the SWAT testing previously discussed, a
science-based evaluation of four of the weather-based products
reviewed was conducted by the University of California
Cooperative Extension in 2003, and the results are reported b*".

A linear relationship exists between crop yield and crop
evapotranspiration (E7,,,,) for crops like maize, sorghum, cassava,
sugarcane, barley etc®”. The effect of water stress is commonly
seen in low water potentials, obstructs photosynthesis, resulting in
stunted growth in crops. Studies show that crop yield can be
maximized and grain quality improved, while significantly
reducing irrigation water quantity®,
indicates the amount of water required to replace the losses due to
evapotranspiration, from the time of planting a specific crop to the

Crop water demand

time it is harvested for a specific climatic condition, and suitable
soil water conditions®®>*%.  During its growth, every crop needs a
specific amount of water according the growth stage, hence it is
crucial to evaluate crop water demands to know the deficits in
water needed due to insufficient rainfalls or moisture in the soil.
In relation to climatic factors and total growth period, a particular
crop requires a minimum amount of water to meet the maximum
evapotranspiration****?.  Figure 3 presents a graph of crop
coefficient (k.) against number of days after planting. The k.
values are specific to each crop and changes according to the
growth stages.
vegetative period of 20 d after planting (initial stage), the crop
water demands are low (-10% of ET,). The ET,,, values are
high (50%-60% of ET,) during the flowering period (crop

development) when leaf area is maximum. Thereafter, the water

The crop water demands are low in the early

requirement from 60-80 days after planting stays fairly constant
and decline from this point until it reaches 120 d when it is
harvested (late-season stage).
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Figure 3 Relationship between crop water demand and growth

stages'®!

Sprinkler irrigation systems are designed to meet water deficits
and to ensure adequate water supply to crops at the critical stages
of growth. However, farmers need to be equipped with the
requisite knowledge of the time and the correct amount of water to
apply to meet crop water needs. For example, the unavailability
of water during the early growth stage produces many tubers,
which are visible in cylindrical tubers compared with the round

varietyl?54041,

Deficits in water during this stage with the
application of water leads to cracks in tubers. The amount of dry
matter also rises during the maturing time when water is
unavailable, conversely, frequent water applications leads to

disfigurements in tubers.  Hence, proper timing of water



May, 2019

LiH, etal. Overview of emerging technologies in sprinkler irrigation to optimize crop production

Vol. 12No.3 5

applications can save between one and three irrigations before
harvest time*?. The calculation formula for crop water demand
(CWD;) according to Food and Agriculture Organization (FAO) is
defined as:

CWD, (mm)=Y"" (kc,ET,~P) 1)

where, kc;is crop coefficient at a particular growth stage ¢; P, is the
effective rainfall, T is total growth period, which is the sum of the
growth periods for the initial, crop development, midseason and
harvest stages.

Reference evapotranspiration (E7,) of a crop is determined
using Penman-Monteith method and CROPWAT softwarel*”),
CROPWAT is a computer software that calculates E7,, crop water
and irrigation amount according to the design and management
practices of an irrigation system. It improves irrigation practices
through proper planning of water applications under variable
conditions®”*).  The method incorporate climatic data of
radiation, temperature of the air, humidity, and speed of the wind in
the computation. FAO CROPWAT uses E7, and crop water
demand data to model crop water uses under different conditions

such as climate, crop, and soil*44431 BT s defined as:
0.408A(R, - G) + y(&)u2 (e,—e,)
ET, (mm/day) = L+a]3 @)
A+y(1+0.34u,)

where, R, is the net radiation (MJm™>d™); G is the soil heat flux
density (MTm™>d"); T is the mean daily air temperature at 2 m
high (°C); u is the speed of the wind at 2 m high (m's™); es is the
saturated vapor pressure (kPa), ea is the actual vapor pressure (kPa);
es-ea is the deficit in saturated vapor pressure (kPa); A is the slope
of curve of vapor pressure (kPa°C™'); y is the psychrometric
constant (kPa°C™).
irrigation water demand (TCWD),) is given as;
TCWD,(m’) = ET, x 4 3)
The crop evapotranspiration in the equation above is also
given by

The calculation formula for the total

ET, = k. < ET, “)
where, 4 is the land area to be irrigated (m?); ET¢ is the crop
(mm/d); ET, 1is the
evapotranspiration (mm/d) and K, is the coefficient of the given

evapotranspiration reference  crop
crop.

Although modern technologies for scheduling irrigation has
existed for many years, the long-term and consistent adoption of
appropriate irrigation scheduling has been dismal™*.  To
facilitate better adoption rates and improved irrigation scheduling
developed a software application (i.e., smartphone and tablet app)
to provide real-time irrigation schedules for various crops (avocado,
citrus, cotton, peanut, strawberry, urban turf, cabbage, squash,
tomato, and watermelon) in the southeastern USM®.  The
application can use real-time weather data from both the Florida
Automated Weather Network and the Georgia Environmental
Monitoring Network to calculate ET,,, using a water balance
method for scheduling irrigation. The software inputs vary by
crop, but nearly all scenarios require root depth, irrigation rate, and
soil type. Similarly, a variety of output information is available to
better serve the needs of irrigators. Many areas in the world are
experiencing water shortages, and irrigators often cannot meet the
full crop water needs using their current irrigation and cropping
system scenarios.
strategies such as deficit irrigation to address water shortages.
The CERES-Maize crop model was used to examine several

As a result, many producers are implementing

deficit-irrigation strategies for corn production in southwest
Kansas*®, Their modeling combined experimental results from
field studies and
minimum-allowable depletion for corn, the optimum level of crop

available soil water at planting, and the irrigation season

long-term  weather data to evaluate

termination criteria.
on a 50% plant-available soil water threshold maximized net
returns compared to initiating irrigation at a greater soil water
content, that it was important to have adequate soil water reserves
at planting.

For famers to for farmers to adopt crops and sprinkler
technologies that are adaptable to the expected water demands, two

They found that irrigation scheduling based

possible options are possible. First, irrigation managers can
deliver more water available to each farmer. Farmers thereafter
collect the water into fields depending on the quantity needed.
The method involves less effort from system managers but does not
lead to efficient water uses. Second, the managers can pump
water to each field depending on the amount of water needed by
farmers.  The approach requires that the managers have
information on the water demands of farmers with good control of
water supply, and the flexibility to vary the supply. With this
approach, the efficiency to manage and supply water are higher.
The rising need for water requires managers to save the limited
water available. Methods by which managers solicit information
on farmers' water needs include negotiation with farmer groups
over seasonal plans in relation to identify the crops to be irrigation
and when to apply water before each season. This approach needs
managers to project farmers’ water needs at fixed times during the
entire growth period*’*).  These approaches only estimated
actual crop water demands. However, perfect knowledge of crop
water needs is impossible where the population of farmers are a
large because of the variations in crop varieties and planting times.
Where managers have a good knowledge of crop water needs, they
only respond when the sprinkler system can deliver water as
required to meet the crop water needs. Supply-driven irrigation
system management is being promoted as an alternative. The goal
of supply driven management is to provide a reliable water supply
to farmers. Once the farmers are certain of the water supply, they
can cultivate crops and adopt the sprinkler technologies according
to the water supply.

4 Water quality in sprinkler irrigation systems

The suitability of irrigation water for crop production mainly
depends on the amounts and type of salts present in water.
Almost all water sources contain some level of dissolved salts and
trace elements resulting from human activities and weathering of
soil. Humans also impact the quality of irrigation water in many
ways. For example, metals and chemical waste can be released
into water sources as by-products of industry and mining activities.
Many studies show that the yield of many irrigation schemes is low
due to water logging and salination of the soil®**?. Many
farmers in Ghana for instance, rely heavily on agrochemicals to
boost crops production®.  And because the demand for water has
increased, wastewater and reclaimed wastewater are currently
being used in irrigation. The health implication on crop
production and humans posed by the situation is endless and far
reaching. Two types of irrigation water quality issues occur®>*";
(1) total salinity and sodium related salinity. The effect of salinity
on crop yield is comprised of two stages®™>>"! first, crop yield does
not decrease until a threshold value is reached, and second, it
begins with a linear decrease in yield as salinity increases.
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Salinity limit water and nutrient absorption capacity of crops,
caused by salty water or soil due to addition of saline water, poor
drainage, or shallow water table. Plants in turn absorb the water
through the process of osmosis, resulting in the movement of salt
ions from the soil into the root tissue of plants. But water
absorption in plant is restricted when the soil salinity is higher than
the internal salinity of the plant, resulting in smaller plants, and
yield reduction occur even where plant symptoms are minimal. In
situations of higher salinity, plant tissue dies, causing a condition
known as necrosis at the leaf edges. Saline water also leads to the
accumulation of trace minerals of which is toxic to plants when
their concentration exceeds the permissible levels.

Sodicity is the concentration of sodium relative to calcium and
magnesium concentrations, which is widely used to describe the
salinity of the irrigation water. Sodium adsorbs onto cation
exchange in the soil, which causes the soil to breakdown into fine
particles, resulting to low water permeability. This occurs in the
case of soils with high percentage of smectite clay. The capacity
for sodium to increase its concentration in relation to calcium and
magnesium cations is calculated by the equation for sodium

absorption ratiol***%%),

SAR =D& Q)

2

where, SAR is the absorption ratio of sodium; Na*, Ca*? and Mg" is
the concentrations of sodium, calcium and magnesium ions,
respectively (med/1).

Forage crops are the most tolerable to salinity, followed by
field crops, vegetable crops, and fruit crops. Boron is a main
problem in many irrigated areas. Though an important nutrient,
its high levels leads to plant toxicity, and concentrations should not
exceed the permissible levels. It is projected that between 20 to
30 million ha of irrigated areas are affected by salinity!®, A
summary of the guidelines is presented in Table 4 below. Table 5
show summary of guidelines for the assessment of sodium hazard
of irrigation water. Many studies refer to sodicity problems of
irrigation water as permeability. At low sodicity, soil flocculation
and aggregation is lost and permeability decreases. Low salt
concentration less than 0.2 dS/m decreases the permeability
resulting from high SAR.

Table 1 Salinity assessment guidelines of irrigation water!®”!

Limitation
SAR range
None Moderate Severe

0-3 >0.7 0.2-0.7 <0.2

3-6 1.2 0.3-1.2 0.3
6-12 1.9 0.5-1.9 <0.5
12-20 2.9 1.3-2.9 1.3
20-40 5.0 2.9-5.0 <2.9

Scheduling in sprinkler irrigation helps to minimize the
incidence of excess leaching associated with excessive irrigation.
A common water management practice to salinity problems is
periodic leaching with ample irrigation water to leach salt below
the crop root zone. Other practices include using well-drained
soils and properly designed and constructed drainage system to

dispose salty water from the soil®*®*%).  As salinity level increase,
the amount of irrigation water and frequency of application also has
to increase. The leaching requirement (LR) is calculated using the

equation below:

IR Conductivity of irrigation water

(6)

B Conductivity of soil in the crop rootzone

The formula is used to determine the level of salinity when the
amount of water needed for leaching is constant. However,
because of irrigation inefficiencies additional irrigation water has to
be applied to eliminate the remaining salts in the root zone.
Chemical amendments is also used to improve sodic soil
condition®>**", For example, the use of gypsum contains
calcium which amends saline soil conditions. Calcium exchanges
the adsorbed Sodium which helps to reestablish the infiltration rate
of the soil. But it is important to note that the use of chemicals
does not disregard the leaching requirement.  Hence, the
application of additional water is necessary to leach out the
displaced sodium!”%7®!,

Irrigation water can be saved by optimizing the efficiency of
sprinklers. Sprinkler irrigation is still an accepted practice for
watering lawns although a study described a relatively low
efficiency in applying water to the plants'’”””. However, another
study shows that salinity in drip irrigation was lower or similar to
that measured in sprinkler irrigation, which means that drip
irrigation compared with sprinkler irrigation is not more efficient in
Poorly spaced laterals and
sprinklers, including losses by wind and evaporation increases the
When

using sprinklers, the outer margin of each circular zone wetted by a

leaching salt from the soill***2.
total water uses and reduces the quality in crop produce.

single sprinkler nozzle receives less water than the center portion.
Salt dissolved in irrigation water tends to move along with the
Figure 4 presents the
Figure 4a

water as the water flows through the soil.
pattern of salinity for the two cases indicated above.
presents the layout of a line of sprinklers on a field. In Figure 4b
of the illustration, the wetted zones corresponding to the various
sprinklers overlap considerably and the soil is wetted with a high
uniformity. Conversely, the illustration shows a situation where
the sprinkler heads are too far apart and overlap of the wetted zones
is insufficient, resulting in non-uniform wetting of the soil (Figure
4a). To avoid such situation, the layout of lateral lines should be
in a parallel fashion with sprinklers offset, to obtain good

overlapping of the wetted zones.

0.8 0.8

1.1 1.1

2.0 2.0 2.0 2.0
2.7 i - i
4.0 4.0 4.0

a. Uniform application b. Non-uniform application
Figure 4 Water application from the lateral lines and layout of

sprinkler system

Figure 4a is for the situation where sprinklers are close to one
another that the wetted zones overlap, resulting in uniform
As expected, the salts are distributed
In the vertical dimension,
however, the shallower portions of the root zone contain less salt
than the deeper portions, as a result of the leaching fraction. The

application in the root zone.
uniformly in the horizontal direction.

numbers on the diagram, represent the degree of salt concentration,
which reveal that it tends to accumulate in the bottom soil depths.
In Figure 3b, the sprinklers are far apart, resulting in non-uniform

application in the root zone. The result is a non-uniform



May, 2019

LiH, etal. Overview of emerging technologies in sprinkler irrigation to optimize crop production

Vol. 12No.3 7

distribution of salt concentration in the horizontal and vertical
directions. Using the non-uniform wetting as an example, the
vertical distribution of salts in the wetted zone is identical to that
for the uniformly wetted case except that in regions with
insufficient sprinkler overlaps, the LR is smaller and, hence, the salt
concentration is higher.

The use of reclaimed water for irrigation is gaining
considerable interest in many parts of the world. Smart irrigation
controllers that incorporate soil moisture sensors for feedback
control can improve performance, but there has been concern about
using such control devices with reclaimed water, which can affect
the soil dielectric permittivity and thus affect the values from the
sensor device. A study on time-based irrigation control to control
incorporating one of four different sensors as affected by both
potable and reclaimed water™.  Water savings using sensor
devices averaged 63% and 59% for the potable and reclaimed water
sources, respectively®®¥. Hence, it can be concluded that the
small accuracy reduction in sensors when using reclaimed water
would be acceptable.

5 Limitations of sprinkler irrigation

1) Previous researches concentrated more on determining
ET.p using crop water uses under no stress conditions with no
consideration for annual and perennial crops under different growth
stages and stress conditions.

2) For ET,,, controllers to be fully effective, the existing
sprinkler irrigation system must be operated and maintained
properly. How water savings estimates obtained from field trials
be extrapolated to other areas with very different characteristics
and/or weather patterns still remains under researched.

3) Water saved between weather-based and soil-moisture based
“smart” controller, and how these circumstances favor one over the
other are currently not known. Field evaluations report water
saved in terms of percent reduction per crop without providing any
sense for how these savings varied by different crop characteristics,
such as total water use, irrigated area, longevity of saving, and level
of wasteful irrigation prior to the retrofit. = Without such
information, however, others cannot extrapolate a study’s results to
their own service areas.

4) With sprinkler irrigation the saline water immediately gets
into contact with the foliage. The indiscriminate absorption of
ions by leaves leads to a decrease in photosynthesis or structural
damage of the foliage. In addition, inaccurate spacing of sprinkler
result in concentration of salts in certain areas in the field, which
reduces crop yields. Beyond the permissible level, reduction in
crop yield is relational to the increase in salinity level. Different
crops vary in their degree of resistance to salinity and therefore
have different permissible levels vis a vis reduction in yields.

6 Conclusions and future perspectives

The study explored major emerging technologies in sprinkler
irrigation systems, and their significance in saving water to
optimize crop production. To meet the cost of investment, it is
also necessary to emphasize on continuous irrigation engineering
and science with emerging technologies building on earlier
knowledge and progress towards optimize crop production. The
following actions are necessary from future perspectives

There is pressing need for research to determine the actual
ET.op for annual and perennial crop stages and stress conditions of
annual crops in order to properly manage soil water deficits.
Because of the high costs and difficulty of the relations with other

factors that also influence ET,,,, It is important to evaluate the
ET.,,, values bearing in mind increase in soil salinity levels and the
control of water stresses with attention to crop yields and quality.

It is important that future field evaluations build a “look
forward” feature into their study design. It is not enough to
estimate what a certain program saved in retrospect. It is also
important to provide a way for others to assess that if program
saved a certain amount of water in a given service area, how much
is a similar program likely to save in another area with different
socio-economic and weather characteristics. Future studies can
make their findings more broadly applicable, in the bargain also
improving the ability to dissect and compare an evaluation’s results
with those of other such evaluations.

The application technology has been developed for years but
one of the remaining research areas in sprinkler irrigation is the
development of optimized method for irrigation scheduling.

Optimisation of the fixed water dispersion devices for impact
sprinkler to facilitate jet breakup under low pressure, producing a
mist of droplets in mid-air, resulting in higher humidity and lower
temperatures. The optimum fixed water dispersion device for
impact sprinkler has the potential to increase the LR for leaching
salt-based ion from the root zone of crops and meet crop water
demand at the same time.
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