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Abstract

sprinkler systems for arid or semi-arid areas where a great

deal of irrigating water. The system is used widely in Saudi
Arabia, and there were more than 20,000 center pivot systems in
the country. To know the reality of water application, water losses
and distribution uniformity by this type of irrigation system in this
country, a study was conducted in Riyadh region to evaluate 8
centers pivot systems with different ages and made of various
companies and consisted of different number of towers ranged
from 4 to 10. The results showed that most of the center pivot
systems gave low distribution uniformity during water application
at the irrigated areas. The values of coefficient of uniformity (Cu)
were ranged between 69.2% and 89.2%, while the values of
distribution of uniformity of low quarter (Du) were between 54.1%
and 81.6%, and water losses from these systems were ranged
between 7.83% and 13.57%. The study also investigated the
effect of main factors on water distribution and water losses in arid
areas by developing a statistical model in order to determine
relationship between the losses and the factors affecting them
under operating field conditions. The results of this study could
assist the farmers to identify the irrigation and how to improve the
system performance and the developed regression model could
provide valuable information for the water application and water
losses with center pivot irrigation system in region facing aridity
and water scarcity.

T he center pivot system is the one of the most appropriate

Keywords: Hydraulic parameter, application uniformity, sprinklers,
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INTRODUCTION

Irrigation is an increasingly important practice for sustainable agriculture in the
arid and semiarid regions of the world. Water is the most important resource and
limiting factor for agricultural development in the arid regions in general and in Saudi
Arabia in particular. One of the important agricultural limitations, in Saudi Arabia, is
the shortage of suitable water sources besides balancing supply and demand while,

facing aridity and water scarcity (Mohorjy and Grigg, 1995). For an attainment of
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sustainable water use, the resources have to be utilized in such a manner as to
protect and conserve the available water reserves (Sezen and Yazar, 2006).

Center pivot irrigation (CP) systems are among the most popular for irrigating
field crops and are used on over half of sprinkler irrigated lands in many countries
(Allen et al., 2000). CP has experienced worldwide success because of their
advantages relative to other irrigation systems. Such advantages typically include,
high potential for uniform and efficient water application; high degree of automation;
and ability to apply water and nutrients over a wide range of soil, crop and
topographic conditions (Evans and King, 2012). CP comprises approximately two
thirds of all the irrigation systems, in about 75% of the total irrigated areas in the
Kingdom of Saudi Arabia (Al-Ghobari, 2014). The number of CP sprinkler irrigation
systems has increased rapidly in the Kingdom of Saudi Arabia (KSA), as automatic and
modern irrigation systems. In fact, in 1992 there were about 20,0 + center pivots in
the country, which mainly imported to irrigate wheat and forage crops (Al-Ghobari
and Mohammed, 1995). These sprinkler irrigation systems have allowed agricultural
development of “marginal” lands unsuitable for surface irrigation in many areas across
the KSA, mostly suffering from light sandy soils of large variations in topography
within the same field.

CP systems generally entail a larger upfront investment but require less labor to
operate and have a lower water application cost than a solid set system (Ortiz et al.,
2010) and therefore it is the most commonly used sprinkler irrigation system in plots
greater than 10-15 hectare (ha) when there is no restriction on factors such as shape,
layout, and size of the field. In irrigated agriculture, this will have to be achieved
through effective management of water use. Therefore, CP will have to handle and
use water in their most efficient ways possible to prevent unnecessary losses (Dukes
and Perry, 2006). Proper irrigation uniformity in center pivot systems is important
since it has both economic and environmental implications. Harrison and Perry (2007)
classified pivot coefficient uniformity (CU) values as excellent: > 90%, good: 85 to
90%, fair: 80 to 85%, and poor: < 80%. To achieve this, the uniformity coefficient
with which the irrigation systems apply water will have to be high. The uniformity
coefficient of a sprinkler irrigation system directly affects the system’s application
efficiency and crop yield (Dechmi et al., 2003). Poor distribution uniformity reduces
yields due to water stress. It also increases financial and environmental costs
(Clemmens and Solomon, 1997).

The uniformity of water application could be influenced by many factors, some
of the main ones being improper sprinkler nozzles and spacing, wear of sprinklers and

pipes, variation in pressure distribution along the lateral as well as climatic



MOHAMED S. A. EL MARAZKY 237

parameters, such as wind speed and air temperature (Al-Ghobari, 1992, 1996). Field
evaluation is an excellent procedure for determining the actual water distribution at
field level. Several articles have been published describing application efficiency and
distribution water uniformity as well as water losses from field evaluations of sprinkler
irrigation systems (Kincaid, 1986; Tarjuelo et al., 1999). These articles present
additional data to know the influence of main factors on water distribution in arid
areas. Considerable research by many investigators has been conducted in the field to
evaluate the performance of the center pivot sprinkler irrigation systems (Clemmens
and Solomon, 1997; Tarjuelo et al., 1999; Ring and Heerman; 2001; Rogers et al.,
2009; Acar et al., 2010; Al-Ghobari, 2014; Mun et al., 2015). The objectives of this
study were to evaluate the uniformity of water application of various CP systems
under desert conditions of Riyadh region. As well as, to estimate and quantify the

effect of the main factors influencing water losses during irrigation.
MATERIALS AND METHODS

Eight low-pressure center pivot sprinkler irrigation systems operated at fields
located in different areas of Riyadh region in the central of Saudi Arabia were
evaluated. The distribution of water application depths recorded from spray nozzles
along the lateral was assessed. The region is classified as hot and dry with desert
climate, and the average annual rainfall and evaporation were about 50 mm and 4500
mm respectively (Hasanean and Almazroui, 2015). The irrigation system used in each
field was center pivot sprinkler system and each system irrigates area ranged between
25 to 60 hectares. Hydraulics specifications of the center pivot system laterals
employed in this study are shown in Table (1).

Water application uniformity

Irrigation uniformity can often be characterized by a coefficient which is
calculated on the bases of water collected in catch cans or on the bases of changes in
soil water content at a discrete measurement point in the field. As pointed out by
Dechmi et al. (2003), irrigation uniformity was the most valuable outcome of the
evaluation process in sprinkler irrigation. Several formulas were designed to describe
the uniformity of the sprinklers water distribution and to evaluate their performance.
The modified Heermann and Hein (1968) coefficient of uniformity Cu under center

pivot system was used as follows:
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Cu = Heermann and Hein uniformity coefficient.

Di = total depth of application at distance rifrom the pivot point.
ri = radial from the pivot point to the collector.
i = subscript denoting a point at a distance Si i= 1--- —+% n

n = number of catch cans.

Also, there is another index used to assess the uniformity of applied water in
the irrigated area. This is the distribution uniformity (Du) in the low quarter of center
pivot irrigation system, which is given in Equ. (2) as follows:

Du = g—w x100  (ASABE, 2007). )

w
Where d, is average of caught low quarter depth (mm) and D, is average of total

caught depth applied.
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No. of center pivots

Items
CP1 CP2 CP3 CP4 CP5 CP6 Cp7 CP8
Overall length, m 305 395 265 405 345 375 315 390
Pipe diameter, inch 5" 65/8" 5" 65/8" 65/8" 6 5/8" 6" 5"
Nelson R3000 Senninger Valley Low-Energy Senninger Senninger Senninger Valley Low-Energy Valley Low-Energy
Nozzle type Rotator -3TN
(360/cv-m) Nozzle (LEN) (360/cv-m) (360/cv-m) (360/cv-m) Nozzle (LEN) Nozzle (LEN)
Nozzle spacing, m 2.01 2.01 2.50 2.01 2.03 2.03 2.03 2.00
Pressure regulator
8.33 11.39 8.36 12.39 9.42 16.86 28.80 19.11
mode, Psi
Number of
152 197 106 201 170 185 155 195
sprinklers
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Water losses during irrigation (W iosses)

To illustrate how much amount of water was lost by evaporation, wind drift and
leakage (W pwsses) during the irrigation from CP system that have been evaluated in the
field, W isses for each system has been determined by the following equation:

Wi sses = x100  (ASABE, 2007). (3)

Dg

Where D is gross depth of water applied from the system (mm).

Field evaluation

Field evaluation of a number of CP systems was carried out during 2016. The
age of operating systems ranged from 2 to 18 years, and the number of towers varied
from 6 to 9. All farms included in the evaluation belonged either to farmers or to
agricultural companies.

The procedure of field evaluations were conducted adopting the methodology
of Merriam and Keller (1978) and ASABE (2007). Climatic and center pivot parameters
were measured and determined as shown in Table (2). The discharge rate of each
center pivot system was measured using ultrasonic flow meter installed at the pivot

pipe. Two rows of catch cans were used in each evaluation.

Table 2. Meteorological data and center pivot systems parameters.

Center Wind Relative Air System Number Travel |Area
Discharge
pivot speed humidity | temperature age of speed rrigation
rate (L/s)
No. (m/s) (%) (°O) (year) Towers (m/min) (ha)
Cpl 2.68 19 22 15 6 47.19 1.7 29.22
Cp2 2.73 25 21 8 8 59.21 2.2 49.02
CP3 2.57 22 19 18 6 45.72 2.8 22.06
CP4 2.68 26 22 18 8 62.76 1.73 51.53
CP5 1.96 24 23 18 6 51.89 2.0 37.39
CP6 2.81 27 24 1 7 56.21 2.56 44.18
CP7 2.93 23 26 10 6 48.64 1.17 31.17
CP8 2.96 28 25 5 9 60.34 2.53 47.78

The uniformity of water distribution was measured in the radial direction
along the lateral as shown in Fig. (1). The catch can spacing was chosen 5 m with the
first can at 11.6 m from the pivot point. Catch cans of 16 cm inside diameters and 15
cm heights were used. The volume caught in each can was then converted to a depth

in mm and plotted against the distance of each can position from the pivot point to
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give a visual display of the water caught in cans along the lateral line. The operating
speed of the systems was set constant for all tested CP systems at 50%. There was
no end-gun sprinkler installed on any system tested. Field tests were carried out on
either bare soil or soil with early staged crop growth. All tests were carried out under
normal field conditions in the early morning to minimize the evaporation losses. The

water collected in the catch cans was measured by graduated cylinders.

BN

Access rood

Direction
of rotation
Lateral
S Sk K /A
Pivot piont o o Towers
o ©
o
o
0030 o

e,
o

Catchcans ©

Fig. 1. Field layout and Schematic diagram representing distribution of catch cans.
RESULTS AND DISCUSSION

Distribution of water depths along lateral

Water distribution patterns along the laterals of the tested center pivot systems
and the values of the average depths and the average of low quarter depths of water
applied for each system were shown in Figs. (2 and 3). The patterns indicate that
substantial areas of the center pivots especially No. 1 and 3 are receiving less than
the average amount of water applied, and also it can be seen from the figure that
there was a variation in depth of water applied along the lateral and from one system
to another, and this variation was quite clear in the center pivot systems 1, 2, 3, 5
and 7. Most of these pivots gave coefficient of uniformity less than 85%, which is the
recommended minimum value for low pressure pivot irrigation systems.

Also, it could be observed from some patterns (1, 3, 4 and 8) that there was a
great depths at the beginning of the lateral (near the pivot) compared to the far end
of the latera, whereas the opposite is true for some pattern of the center pivot

systems (2 and 5). It could be due to the variation in the discharge of sprinklers
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adversely affected by the system age. Also, water leakage from the system was
observed and it may be affecting the performance of the sprayers and the
consequently affecting the water distribution pattern of the system. So, in general this
non-uniformity might be attributed to meteorological factors, and center pivot system
parameters, such as, wind speed, air temperature, improper nozzles, system age and

pressure variation along the lateral.
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Fig. 2. Water distribution patterns in radial direction with the average depth and the

average low quarter depth of application for different center pivot systems.
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Fig. 3. Water distribution patterns in radial direction with the average depth and the

average low quarter depth of application for different center pivot systems.

Uniformity of water application

Fig. (4) indicates the values of water distributions uniformity coefficient namely

Cu and Du values. The average values of Cu were ranged between 69.2% and

89.20%, with an average of 79.20%. The highest and lowest values of Cu were
89.20% and 69.20% for CP systems No.7 and 1, respectively. CP system No. 7 has

given high Cu value, and this was due to the use of new spray nozzles (low drift spray

nozzles - LDN) despite the age of this system, which was 15 years. These spray

nozzles reduced the effect of on water distribution uniformity. Generally, it can be

judged from Fig. (3) that most of the evaluated low pressure center pivots have low

Cu values less than 80%, and this means that the distribution of water was

unacceptable.
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Fig. 4. Comparison between values of performance coefficients for various center

pivot systems

Calculations of water losses from center pivot systems

Field study was carried out to determine the water losses from center pivot
irrigation systems as a function of climatic data and irrigation system parameters.
These parameters were the average wind speed, relative humidity, temperature,
travel speed, age of the system and system discharge rates at different farms during
field evaluations as shown in Table (2). Examination of these parameters shows that
climatic parameters (wind speed, temperature, and relative humidity) were varied
during the evaluation experiments.

The results obtained from the tested center pivot systems were utilized to
develop an empirical regression model under hot and dry conditions to relate water
losses as a function of the different climatic and irrigation system operational

parameters. The multiple linear regression has the following form:

Wosses=Bo + By x X1+ B, x X2+ B, x X3+ B, x X4+ B x X5+ fx X6 (4)

Where W iosses (%) is water losses due to evaporation, wind drift and leakage, during
irrigation and it is the percentage of the total water applied by the irrigation system.;
X1 to X6 are the independents parameters and S, to 3, are regression coefficients.
X1 (wind speed, Ws, m/s), X2 (relative humidity, RH, %), X3 (air temperature, T, °C),
X4 (age of system, Sg, year), X5 (travel speed, S, m/min) and X6 (system discharge
rate, Qs, L/s). Multiple linear regression analysis was carried out using Excel
spreadsheets. The criteria of a better fit were addressed by coefficient of
determination (R?) and the standard error of regression. However, higher R and

smaller standard error of regression are preferred.
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The regression of water losses on related variables (wind speed, Ws, m/s),
(relative humidity, RH, %), (air temperature, T, °C), (age of system, Sg, year), (travel
speed, S, m/min) and (system discharge rate, Qs, L/s) was performed and the created
multiple linear regression model is given as:

W losses = -12.4731+0.1994Ws — 0.5640RH + 0.3325T +0.0011Sg + 2.6152S + 0.4252Qs (5)
(R? =0.8669 Standard Error = 1.79%)

Due to R? indicates the amount of total variability explained by the regression
model, thus 86.69% of the total variation in the water losses can be explained by the
linear relationship between wind speed, relative humidity, air temperature, age of
system, travel speed, system discharge rate and water losses. The other 13.31% of
the total variation in the water losses remains unexplained. The limits of application of
the prediction model (Eq.5) are including wind speed in the range of 1.96 to 2.96 m/s,
relative humidity in the range of 19 to 28 %, air temperature in the range of 19 to 26
°C, age of system in the range of 1 to 18 year, travel speed in the range of 1.17 to
2.8 m/min and system discharge rate in the range of 45.72 to 62.76 L/s.

As indicted in Eq. (5), increasing travel speed resulted in increasing water
losses and decreasing relative humidity resulted in increasing water losses and this
finding is consistent with the results obtained by Al-Ghobari (1996) who reported that
the travel speed of pivot irrigation system increases the losses spraying with
increasing rotational speed. As well as low relative humidity increases the evaporation
of the droplets emitted from the nozzle spray. Moreover, as seen in Eq. (5), increasing
wind speed resulted in increasing water losses also, the same trend was observed for
air temperature, however, Ortiz et al. (2010) reported that wind speed and direction
were the main factors that affect water distribution pattern in sprinkler irrigation.
Meanwhile, the coefficient of the age of system was 0.0011 as shown in Eq. (5) and
that means this variable is less important for calculation water losses. On the other
hand, the coefficient of the system discharge rate was 0.4252 as shown in Eq. (5) and
that means this variable is more important for calculation water losses in a center
pivot system. Thus, evaporation (water) loss can be reduced by operating a center
pivot system under low temperature, low wind speed and high relative humidity.

Fig. (5) shows a comparison between calculated and predicted water losses
from center pivot systems in Riyadh region according to Eq. (5) for eight systems.
Also, Fig. (6) shows relationship between calculated and predicted water losses from
center pivot systems in Riyadh region. As seen in the Fig. (6), a good agreement was
observed between calculated and predicted water losses. Therefore, the Wiosses model
is considered acceptable for the prediction of water loss under arid climate conditions
and may lead to great improvements in field water management through its inclusion
in center pivot irrigation systems.
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Fig. 5. Comparison of water losses for eight center pivot systems in Riyadh region.
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Fig. 6. Relationship between calculated and predicted water losses from center pivot
systems in Riyadh region.

CONCLUSION

This study was conducted in Riyadh region, Saudi Arabia, to evaluate the
performance of eight low pressure center pivot systems operated by the farmers
under normal field condition. The evaluation of water distribution pattern along the



MOHAMED S. A. EL MARAZKY 247

lateral and water distribution uniformity of these center pivot systems showed that
there were variations among the tested eight systems, and they generally performed
poorly. The cause of non-uniformity was due primarily to meteorological and center
pivot system parameters.

Also, the study was conducted to determine the water losses during irrigation
under various climatic and operation conditions. The water losses are dependent upon
both climatic and operating factors. The developed water losses model indicated that
meteorological and center pivot system parameters have interactive effects on water
losses during irrigation, and hence on the performance of center pivot systems. The
results generated from this study are expected to draw the attention of the system
designers and users to take into account the influence of climatic and operating
factors on water uniformity and losses during irrigation under arid conditions. The
developed model could provide valuable information for management of irrigation
water losses under center pivot irrigation system. Further, managers of irrigation
systems can use it to modify the available but the seasonal management practices to

conserve limited water supply.
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