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Abstract

Irrigation efficiency is one of the essential components of irrigation system
management due to its relationship with water and energy loss and the
requirements of working with a sustainable irrigation plan. New irrigation
methods can help to maximize irrigation efficiency and water productivity if the
desired performance is achieved. The purpose of this study is to evaluate the
performance of classic stationary sprinkler irrigation systems with travelling
sprinklers (Komet 162), implemented in the nomadic area of Arasbaran plain in
the northeast of East Azerbaijan province in Iran. For this purpose, five sprinkler
irrigation systems from five different pumping stations were selected completely
randomly. Mean values of Christiansen uniformity coefficient (CU), distribution
uniformity (DU), low quadrant potential application efficiency (PELQ) and real
low quadrant application efficiency (AELQ) for experimental blocks were 68.86,
52.89, 47.93 and 47.73 percent, respectively and for all systems were equal to

67.10, 50.84, 45.09 and 44.90 percent, respectively. Mean values of evaporation
and wind losses (WDEL), deep penetration losses (DP), irrigation adequacy
(ADirr) and uniformity of low half distribution were also calculated as 9.28,
29.45, 78.13 and 68.94 percent, respectively. It was observed that all systems
have evaluation values less than the recommended values and there is high deep
penetration and dificit irrigation in a large area of farms. Insufficient supply of
pressure through the pumping station and unauthorized pressure changes, lack of
sealing of valves and automatic valves, simultaneous use of more sprinklers,
especially on a lateral, nonconformity of irrigation period and hours and
management problems such as low water prices and lack of Proper education of
farmers who had a nomadic life in the past, were important reasons for the low
indicators.

1. Introduction

A good starting point for proper water management, identified by experts, is to evaluate the performance
of existing irrigation systems in order to identify problems and make improvements (Ahaneku, 2010).
Since many sprinkler irrigation projects have been implemented in Iran in recent years, evaluating the
performance of these projects is one of the important and active areas of research. Improving the
efficiency of existing irrigation systems, especially in conditions of limited water and land resources,
has had an increasing impact on food security (Dechmi et al. 2003). Ngasoh et al. (2018) evaluated the
effects of sprinkler irrigation system in Nigeria's Tarabay state on tea plantations. The results showed a
CU of 90.9% and a DPR of 0.79 when the spray rate was 1.2 liters per second and the dispersion
intensity was 7.5 mm / h. Maroufpoor et al. (2019) investigated the fixed sprinkler systems of Kurdistan
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province using performance indicators in 10 different designs in 2007 and 2017. The results showed
that the application of corrective considerations in the design, irrigation planning and type of sprinkler
in 2017 improved the uniformity coefficient and low potential efficiency indices by 29 and 82%,
respectively.

The purpose of this study is to evaluate the performance of classic stationary sprinkler irrigation systems
implemented in the lands downstream of Arasbaran Dam. This dam has been constructed with the aim
of permanent settlement of nomads by developing irrigated cultivation and changing the use of pastures
to irrigated lands. Conducting this study in field conditions and comparing it with existing standards
and providing the necessary solutions can play an effective role in improving the current situation and
the required changes in similar future plans.

2.  Materials and Methods

Materials In each field, soil water samples were prepared and the necessary measurements were
performed in the laboratory before irrigation. Climatic parameters at the time of the experiment were
obtained from the statistics of the nearest meteorological station (Boran station).

In the measurements of the irrigation system, a graduated 20-liter gallon, two hoses and a stopwatch
were used to measure the sprinkler flow. To record the pressure, in the next automatic valve, a riser was
installed with a barometer.

Evaluation indices were calculated separately for each experimental block using Equations (1) to (6).

CU . =|1- W] x 100 (D)
DU, = =4 x 100 )
AELQ, = ];—‘: X 100 3)
AELQ, = S]“)"r" x 100 (4)
PELQ, = % X 100 (5)
SMD = (FC - lvi)ox d % pb (6)

0
The values obtained from the above equations must be adjusted according to the pressure difference in
the system so that they can be attributed to the whole system. In order to better interpret the evaluation
concepts, 4 indices of evaporation and wind losses, deep penetration losses, uniformity of low half
distribution and irrigation adequacy were also calculated, which are shown by equations (12) to (16).

WDEL = =2 x 100 (12)

P =222 5 100 (13)

pp = Y= MPXAd o 400 (14)
qXtco

DUy, =20 (15)

ADirr = 25X 100 (16)

3. Results

Christiansen uniformity coefficient and water distribution uniformity (CU and DU) in all blocks are
less than the recommended values of Meriam and Keller (0.80 DU 0.67 and 0.87 CU 0.87) (Merriam
and Keller) , 1978). The highest values of CU and DU are related to G5 and O2 blocks with 72.52 and
59.66%, respectively, and the lowest values are related to G3 block with 63.60 and 44.43%,
respectively. The values of PELQ and AELQ are equal except for block J1. The highest value of these
indicators is related to O2 block with 54.28% and the lowest value is related to G3 with 41.88%.

In all systems, the total irrigation losses are high and the highest is in the J1 system and about 48%. A
large part of this amount is deep infiltration, in the sense that the average depth of water infiltrated into
the soil during irrigation (43 mm) was much greater than the lack of soil moisture during irrigation (23
mm). Also, the amount of losses for 02, G3, Y4 and G5 blocks is 30, 43, 38 and 39%, respectively,
which in all cases has a deeper penetration than evaporation and wind losses. Block C1 with irrigation
adequacy has the highest 89% and block Y4 with 72% has the lowest irrigation adequacy, and for blocks
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02, G3 and G5 this amount is equal to 73, 78 and 80%, respectively. The relatively high irrigation
adequacy in all blocks compared to the high irrigation losses indicates the long duration of irrigation
and the low price of water and wasting most of the water as deep penetration. The uniformity of the
lower half distribution was approximately 64% in G3 and Y4 and approximately 72% in J1, O2 and
G5.

4.  Discussion and Conclusion

The reason for the low evaluation indicators in the test blocks was different, but in general in three parts
of the design, including: supply of low operating pressure in the sprinklers through the pumping station
and unauthorized changes in pressure in the system. Execution problems include: Lack of sealing of
installed valves and operation problems include: Simultaneous use of more than the designed number
of sprinklers, non-observance of irrigation cycle and duration, non-verticality and looseness of used
risers and use of the system in windy times. Since there were a number of the above problems in each
of the experimental blocks, appropriate solutions were provided.
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