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Table 1- Specifications of Sprinkler Irrigation Systems
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Type of Type of dewatering Number of o Total number of Type of
cultivation irrigation system Spans Number of sprinklers sprinklers
sprinklers per span
F i e 35 5-13 44 Nelson
Wheat Hydrant Valve R3030 Rotator
I &l [
1S e yaa 8 29 232 polee
Rapeseed Hydrant Valve Unknown
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Table 2- Date of measurement of wheat irrigation system

Y Gl ¥ ol ¥ Gl
Span 1 Span 2 Span 3
Jol cug £9d Cugd pow Cugi  Jol Cugi £9S Cugi pow Cag Jol cugd £9S Cugl P Cagi
First Second Third First Second Third First Second Third
turn turn turn turn turn turn turn turn turn
99/02/11 99/02/11 99/02/11 99/02/28 99/02/28 99/02/29 99/03/11 99/03/11 99/03/11

1- Uniformity Christiansen’s Coefficient
3- Potential Efficiency of Low Quarter

2- Distribution Uniformity

Y

4- Application Efficiency of Low Quarter
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Table 3- Date of measurement of rapeseed irrigation system
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Table 4- Recommended values for evaluation indicators of irrigation systems

el gy (w2,9) g B o5k
Type of Index Total number of sprinklers
CU 71 <CU <87
DU 67 <DU <80
PELQ 65 <PELQ <85
AELQ 65<AELQ<385

1- Soil Moisture Deficit

#¥

2- Efficiency Reduction
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Table 5- Data collected in the container network of wheat irrigation system (mm)

(Span 1)y ¢yl

(Span 2) ¥yl

(Span 3) ¥yl

by Syl : . . : : . : :
Bottle Jolcug  pedcuy  pgwcug  Jslcug  pedcug pgwiag  Jslcus ey cuy pows Cagi
number First Second Third First Second Third First Second Third tL;rn
turn turn turn turn turn turn turn turn
1 34 29 32 13 25 28 17 20 16
2 30 34 29 21 28 24 15 17 13
3 29 29 25 20 23 25 17 19 17
4 28 27 27 16 23 23 16 18 14
5 27 25 32 22 20 30 16 17 16
6 34 34 30 17 23 24 15 18 16
7 26 26 25 24 21 26 17 19 17
8 26 25 25 25 23 21 6* 18 18
9 21 21 30 28 21 29 10 19 17
10 31 26 29 22 23 29 16 18 17
11 23 26 25 22 24 31 19 13 13
12 25 27 25 20 - 26 18 19 17
13 24 22 28 20 22 23 16 12 22
14 29 27 27 26 23 27 15 16 23
15 25 24 23 28 25 27 19 17 21
16 26 28 25 29 21 24 15 19 25

el oduzs A.J)f)lm)o S 6};3\9¢J&440J,5 6)516“"? g_JT )L,\.S.n £

(o sleo) 155" (5 )Ll Bloluw 51 By, 8 43 o (5 y9lxen La031>-F Jgua
Table 6- Data collected in the container network of rapeseed irrigation system (mm)

(Span 4)¥ ¢yl (Span 5)& cyum!
S 8l — — — —
Bottle number ol <og £9° < Jol cagd 099 Cugs
First turn Second turn First turn Second turn
1 23 22 17 30
2 34 32 28 39
3 30 20 40 36
4 24 13 22 27
5 36 39 24 30
0 38 39 36 38
! 36 24 37 39
8 24 14 33 28
9 29 36 19 25
10 47 26 22 43
11 38 25 44 29
12 26 20 36 25
13 32 21 23 28
14 47 43 15 35
15 39 21 34 23
16 26 20 22 27

20
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Table 7- Evaluation indicators of wheat irrigation system (%)

Y ! ¥ Gl ¥ el
Span 1 Span 2 Span 3
bl sleasls g . s Cuyl N S o ey
; ; P9S “uy £9S “uy P9S “uy
Evaluation Indicators | | |
Js Second p3 Js Second pa Js Second e
First turn Third  First turn Third  First turn Third
turn turn turn turn turn turn
SIS e
Uniformity 89.14 90.50 91.19 84.17 92.18 90.90 90.54 90.76 85.01
Christiansen’s
Coefficient

# ol gis e
omb Sl 84.66 85.31 89.41 74.55 89.57 87.01 82.72 82.89 79.18
Distribution Uniformity
Omlb Syl o
Potential Efficiency of
Low Quarter
2 elopls (s glesd
omb Syl
Application Efficiency
of Low Quarter

SOl g s Slils
Evaporationand drift 466 617 512 2535  27.94 1947 3685 3300  3L01

losses

80.00 79.14 84.30 49.20 61.63 67.84 45.88 49.89 48.17

80.00 79.14 84.30 49.20 61.63 67.84 45.88 49.89 48.17

(456 5 20) b e oo
Wind Speed (m/s)
(gales 42 50) 192 (sloo
Air Temperature {C)

22.45 22.45 22.45 26.45 26.45 26.45 22.45 22.45 22.45

e sy 54.5 54.5 54.5 355 35.5 36 54.5 54.5 54.5
Relative humidity
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Table 8- Evaluation indicators of rapeseed irrigation system (%)

¥ ol O ol
i)l s asls Span 4 Span 5
Evaluation Indicators | con . | Coe s
Jol cuss £9S Cugi Jl cugd £9S Cugi
Firstturn Second turn Firstturn Second turn

Ol S (GG o o

80.72 71.22 72.28 83.17
Uniformity Christiansen’s Coefficient
et Sl 2 Sl it Sl 73.09 64.35 64.37 79.40
Distribution Uniformity
ol Sl o ol s Ly ylews!
Ot Sl 02 olonlS Jely oy g g 39.23 4274 58.55
Potential Efficiency of Low Quarter
ol Sl o 5 8l oylend]
O SUE P AT T 0y 56.79 39.23 4274 58.55
Application Efficiency of Low Quarter
$o ol s olals
O g S 16.30 25.13 21.64 20.86
Evaporation and drift losses
(45 2 ) o e 10 10 9 10
Wind Speed (m/s)
gl | L
(gemcls 42,90 g2 slod 225 225 2255 225
Air Temperature {C)
e sy 53.5 535 415 535
Relative humidity
ol srailobw 45 Lid Ol pis -4 Jgua
Table 9- Pressure changes in irrigation systems
oleadly pals o o
etle ()L’) ()b) ()L’) (0w y0) - .
: : : Efficiency reduction
Farm Maximum Minimum Mean pressure Pressure coefficient
pressure (bar) pressure (bar) (bar) changes (%0)
oS
25 2.46 2.48 1.69 0.00341
Wheat
‘.
» 2.6 2.55 2.58 1.79 0.00362
Rapeseed

0d—d dpogi ol o Lacug wlwd ;o 13 g pa S
8 G i o5l 5o (2 955 )l
S S o bl A ST s ol e sl
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Introduction

Iran is a country with hot and dry climate and limited water resources, so the importance of
management and optimal use of water resources is revealed. This limitation of water resources
limits agricultural development. Droughts and rainfall reduction are the additional causes of
water shortages and show the importance of saving more than ever. Nowadays, limitation of
water resources and the approach of increasing production per unit area is one of the main
policies for managing water consumption at farm level. Nowadays, with the development of
pressurized irrigation systems, more flexibility has been achieved in irrigation management at
farmers' farms, so that an irrigation system operator in pressurized irrigation method will be
more able to manage water at farm or garden level. The aim of this study was to evaluate two
pressurized irrigation systems (Linier) in a research pilot so that the effects of tendency to an
efficient irrigation system in increasing water use efficiency index or reducing water losses will
be investigated.

The results show that merely the use of pressurized irrigation systems is not a factor for
increasing water efficiency index and an irrigation system should be properly designed,
implemented and operated. At the time of operation, it should be regularly evaluated to prevent
irrigation losses. Therefore, the aim of this study was to evaluate two pressurized irrigation
systems (Linier) in a field located in the research station so that the effects of tendency to an
efficient irrigation system in increasing water use efficiency index or reducing water losses have
been investigated.

Methodology

Irrigation efficiency is a concept used in system design and management. This concept can be
divided into two components: uniformity of distribution and irrigation losses. If the uniformity
of the distribution is low or the losses are high, the irrigation efficiency will also be low. Several
factors overshadow the amount of water use efficiency in a sprinkler irrigation system. These
factors include changes in the discharge of each sprinkler along the pipe path, changes in water
distribution in the area between sprinklers, water losses by direct evaporation from the mouth of
the sprinkler, evaporation from the soil surface before use by the plant (Keller & Blinser, 1990).
In this study, Kristiansen uniformity coefficients (CU), uniformity of water distribution in low
guadrant (DU), low water use potential efficiency (PELQ) and actual water use efficiency in low
quadrant (AELQ) were used to evaluate the performance of irrigation systems. Kristiansen's
monolitheic coefficient is a suitable indicator to show the uniformity of water distribution in
irrigation system. Distribution uniformity is an indicator that determines the uniformity of water
application at farm level. Also, PELQ indicates how the existing system works in appropriate
operation conditions. AELQ also shows how to operate a run system (Naderi et al., 2018).

In this study, 16 bottles with a distance of 2 meters were used in a 4-in-4 network to measure
the uniformity of water distribution and each of the bottles had a diameter of 7 and a height of 20
cm. To evaluate the systems on the day of irrigation, bottles were placed in the field and after
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passing the system through the bottles, the amount of water per bottle was measured and notes
were taken. Considering the specific conditions of the field and in order to not affect the
existence of wheels in water distribution data and to increase the accuracy of the data, field
measurements with a distance of 6 meters from the wheels at the beginning of each span have
been tested. In the wheat field for each aspen, 3 times (totally 9 times) (table 2) and in rapeseed
field for two central aspens, 2 times (totally 4 times) (table 3) this was done. Also, in each
measurement the location of the container network has changed. For this purpose, the first turn
was at the beginning of the field, the second one was in the middle of the field and the third one
was at the end of the field. Also, these data were taken at the time of wheat clustering and canola
pod formation.

Results and Discussion

Based on acceptable vyield thresholds in water distribution uniformity assessment index as
mentioned in Table 5 and 6, Kristiansen uniformity coefficient (CU) for both wheat and
rapeseed systems has been in the recommended range at all times. However, this coefficient has
not been in the same range of changes for the two irrigation systems studied, whereas based on
the uniformity coefficient of distribution (DU) in the irrigation system under rapeseed
cultivation in two times of irrigation, it has been studied less than the acceptable period. The
results of field evaluation based on CU index showed that the mean and standard deviation of
wheat cultivation system were 89.38% and 2.83% and canola cultivation system was 76.85%
and 5.99%, respectively. Also, based on DU index, the mean and standard deviation of wheat
cultivation system were 83.92% and 4.83% and canola cultivation system was 70.31% and
7.33%, respectively. In other words, both irrigation systems were in an acceptable range in a
general view. According to Rolland criteria, 1982, the difference of more than 20% of the
system's operating pressure is a factor to reduce the uniformity of water distribution. According
to Table 7, the pressure changes are less than 20% and this difference has not reduced the DU
index. However, from the pathology point of view of irrigation system, non-uniformity of
sprinklers of irrigation systems can be considered as the main reason for the non-uniform
increase in water distribution.

From the perspective of potential water use efficiency (PELQ), evaluation of both systems
showed that in five times, irrigation of wheat crop and in four times, irrigation of rapeseed crop
has not been considered as an acceptable potential efficiency so that in a general attitude, the
average and the standard deviation of the index in wheat culture system was 62.89% and 15.42%
and in rapeseed culture system was 49.33% and 9.77%, respectively. This value indicates that
the existing system does not match the existing land and farming conditions well and is badly
designed.

By comparing du and PELQ values, there is a great difference between them (except for
three times, irrigation of wheat crop), indicating the amount of water losses due to evaporation
and wind blowing. The mean of evaporation and wind loss in wheat and rapeseed cultivation
system was more than 20%, indicating incorrect management of the exploiter at the time of
irrigation.

The combined study of PELQ and AELQ indices showed that the system has grown from the
perspective of deficit irrigation during the period of operation. Table 8 mentions the overall
results of evaluation of wheat and rapeseed irrigation systems.

Conclusions

In a general approach, the low evaluation indicators of the irrigation systems under the
mentioned pressure indicate that in the absence of attention to the factors affecting during the
operation period, it is not possible to expect the improvement of irrigation efficiency to
mechanize the perceived irrigation. This means that the efficiency of mechanized irrigation
systems such as Linier irrigation system and other irrigation systems (drip and sprinkler) varies
in a wide range, which in case of not paying attention to the factors affecting during the
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operation and design of the system, in some cases, the expected efficiency of these mechanized
irrigation systems will not be obtained.
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