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 Drip irrigation, which is known as a trickle irrigation system, is also considered as the 
most efficient water application system. Drip irrigation can deliver water and chemicals 

more precisely and uniformly at a higher frequency of application than furrow and 

sprinkler irrigation. It can increase the yield and revenue, reduce water and fertilizer 
costs, and decrease cultural cost as compared with other irrigation methods. In this 

research, 5 gardens with their drip irrigation systems were evaluated. Then, DU, CU, 
EU, AELQ and PELQ parameters were measured for them. Results showed that the 

suitable management and protection from drip irrigation systems are very important 

whereas it will be ended to high CU and DU in plan. Also, the absence of Central 
Control System in plans caused sedimentation in system and clogging of pipes and 

drippers. 
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INTRODUCTION 

 

 The contribution of irrigation to agricultural production is very significant for the world’s food supply. 

However, current irrigation practices such as furrows are inefficient, causing environmental hazards such as 

salinity, runoff and contamination of water bodies. Irrigated agriculture has played a vital role in supporting a 

dramatic increase in global food production over recent decades. While only 20% of the world’s agricultural 

land is irrigated, it produces 39% of the world’s food supply [4]. Irrigation also improves the efficiency of other 

production inputs such as fertilizers, improved seeds and agrichemicals. Hence, the low-input irrigated farming 

is often more productive than the high-input rainfed farming [11]. Therefore, irrigated agriculture will be a 

dominating feature of future farming in order to be able to produce sufficient food for an ever-growing world 

population. Drip irrigation is one of the most efficient methods of watering crops. Its field application efficiency 

can be as high as 90% compared to 60–80% for sprinkler and 50–60% for surface irrigation [2]. The drip 

irrigation technology frees the farmer from the limitations of rainfed farming, enabling him to cultivate all the 

year round, grow a wider variety of crops, have higher cropping intensity and do priority farming.  

 Good irrigation technologies and agricultural practices coupled with enhanced participation of the poor in 

the markets are the key to income generation [5]. Drip irrigation systems can apply frequent and small amounts 

of irrigation water at many points of a field surface/subsurface near the plants [14]. Salemi and Ghassemi[12] 

conducted a study to compare the different methods of pressurized irrigation (the two – point method, the 

Microjet method, and the sprinkler irrigation method) with the customary local method of irrigation in the 

region (the surface irrigation method). They found that the two – point drip irrigation method had the highest 

and the surface irrigation method the lowest efficiency. Playan and Mateos [10] compared three irrigation 

systems including furrow, drip and sprinkle irrigation systems using uniformity coefficient and application 

efficiency factors. Achievement of desirable results of the above mentioned evaluation factors showed a good 

estimate of actual performance of drip and sprinkler irrigation systems on the field, but with different yield 

productions, while the evaluation parameters did not indicated desirable values for furrow irrigation. Ella et al 

[3] reported that the uniformity coefficient and distribution uniformity of the Microtube-type drip system are 

relatively low especially for steep slopes and low heads. It was consequently recommended in that study to 

explore the use of pressure regulator in improving the water distribution uniformity of the low-cost drip system. 

 The purpose of this research is evaluation of drip irrigation systems in some gardens thattheir gardenersare 

dissatisfied from drip irrigation system of their gardens. It will be evaluated that what is the reason of low 

efficiency of their drip irrigation system? In addition, what is the solution? Then, they were compared with an 

efficient drip irrigation system that its gardener was satisfied from it.  
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MATERIALS AND METHODS 

 

Geographical Location and Weather Characteristics: 

 Gachsaran County is in Kohgiluyeh and Boyer-Ahmad province and located in South West of Iran with 

tropical climate. Some weather parameters are shown in Table 1.  

 
Table 1: Some weather parameters of Gachsaran County 

Station Mean of min 
temperature 

(oC) 

Mean of max 
temperature 

(oC) 

Mean of 
temperature 

(oC) 

Mean of 
humidity 

(%) 

Annual rainfall 
(mm) 

Annual 
sunshine 

hours 

Gachsaran 15.4 29.8 22.6 41.3 441.2 3190.7 

 

Soil and Water Characteristics: 

 A composite sample of some random points from different depths of region soil were taken. The results are 

presented in Table 2. 

 
Table 2: Some physical and chemical properties of the region soil. 

pH Saturation 
Percentage 

(S.P.) 

Total N 
(%) 

Organic 
carbon (%) 

Soluble 
potassium 

(ppm) 

Soluble 
phosphorus (ppm) 

EC (dS/m) Texture 

7.5 31 0.01 0.1 134 8 3.6 Silt Loam 

 

 Irrigation water was provided from wells in the region. Analytical results of irrigation water samples are 

shown in Table 3. 

 
Table 3: Qualitative analysis of the wells water. 

EC (ds/m) S.A.R  TDS 
(mg/l) 

pH Cations (meq/l) Anions (meq/l) 

Ca++ Mg++ Na+  Co3
= Hco3

- Cl- 

2.73 1.2  1756 7.2 17.1 6.4 4.36  0.36 0.6 5.6 

 

Methodology: 

 The first step was distributing of questionnaires between Gachsaran region gardeners. After that, 

questionnaires were analyzed and selected4 gardens from varied parts of region that their owners were not 

satisfied from their drip irrigation system about mode of operation and productions yield of garden. Besides, 

those 4 gardens were compared with a garden that had efficient drip irrigation system that its owner was 

satisfied from it. 

 

Gardens Investigation: 

 The entire parts of gardens were investigated. They were including: Central Control System, pumps, main 

pipes, manifold pipes, lateral pipes, drippers, mode of irrigation distribution in agricultural units, position of 

main valves, system operation, water leaking, pressure distribution, being reasonable of system designing, kind 

of plants, external situation of plants etc.  

 

Collecting of Information from Gardens Owners: 

 Some information were collected by speaking with gardens owners. They were including: irrigation 

frequency, time period of irrigation, date of plan start, plants age, fertilizing manner, satisfaction of garden 

owner from his drip irrigation system, plan problems, productions yield, etc. 

 

Measurements in every Garden: 

- Measuring of pressure in entire system parts, like: pressure measuring in before and after filters, in 

entryway and exit of pipes. 

- Discharge measuring of drippers. 

- Measuring of wetted area for trees.  

- Measuring of shadow area of trees. 

- Measuring of space between trees and lateral pipes, length of lateral pipes, diameter of lateral and manifold 

pipes, number of drippers and space between them about every trees.  

 

4-3: Evaluation parameters: 

1-4-3: Emission Uniformity (EU): 

 Emission uniformity is affected by the variability in emitter discharge rates. Variability can be caused by  

manufacturing variations in orifice size and shape, clogging of the orifice, topographic factors and hydraulic 

characteristics of irrigation systems. Water emission uniformity evaluates by following equation (Merriam and 

Keller [9]): 

http://en.wikipedia.org/wiki/Kohgiluyeh_and_Boyer-Ahmad_Province
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 Where: 

 qn: average discharge of the 25% sampled emitters with the least discharge 

 qa: average discharge of emitters 

 EU: emission uniformity 

 

 Also, Keller and Blisne r[6] reported the following equation: 

a
q

n
q

e

v
EU  )27.11(100                                              (2) 

 Where: 

 v: manufacturing coefficient of variation 

 e: number of emitters that are allocated to every plant 

 qn: minimum discharge of emitters 

 qa: average discharge of emitters 

 EU: emission uniformity 

 

Coefficient of Uniformity (CU): 

 Christiansen’s coefficient of uniformity [1] was first used to introduce a uniformity coefficient to the 

sprinkler system [7]. The coefficient is presently widely used by researches on the global scale and has been 

applied as a proven criterion to define water distribution uniformity [7]. The coefficient is derived from rain-

gauge data based on the assumption that the rain-gauge represent the same area and is a measure of absolute 

difference from the mean divided by the mean: 
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 Where: 

 n: number of the depth measurements of the water applied, each representing an equal irrigated area  

 Xi: measured application depth (L)  

 μ: mean application depths of (L)  

 CU: coefficient of uniformity (%) 

 When the CU value is approximately 70% or higher, the approximation depths from a rain-gauge evaluation 

tend to follow a normal distribution. In this case, when the mean application depth, μ, is equal to the required 

net application depth, dn, 50% of the irrigated area will be under-irrigated while the remaining 50% will be 

over-irrigated (or “adequately irrigated”). This is due to the fact that the normal distribution is symmetrical 

about the mean value [8]. 

 

Distribution Uniformity Coefficient (DU): 

 The low-quarter distribution uniformity (DU) is defined as the average depth infiltrated in the low one-

quarter of the field divided by the average depth infiltrated over the entire field. A low DU (<60%) indicates that 

the irrigation water is unevenly distributed, while a high DU (<80%) indicates that the application is relatively 

uniform over the entire field. Merriam and Keller [9] defined their “distribution uniformity coefficient” as 

follows: 

100
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 Where: 

 Dlq: average depth of water infiltrated in the low one-quarter of the field (L) 

 Dav: average depth of water infiltrated over the field(L) 

 DU: distribution uniformity (%) 
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Application Efficiency of Low Quarter (AELQ): 

 AELQ achieved in the field indicates how well a system is being used. 

 

100
applied water ofdepth  average

zoneroot  in the stored water ofdepth quarter  low average
AELQ               (5) 

 

 When the average low quarter depth of irrigation water infiltrated exceeds the SMD (Soil Moisture 

Depletion), which is the storage capacity of the root zone, AELQ can be expressed as follows [9]: 

 

100
applied water ofdepth  average

SMD
AELQ                                   (6) 

 

 The concept of AELQ must also be modified for trickle irrigation. Effectiveness of a trickle system can be 

estimated by how much of the applied water is stored in the root zone and is available for consumptive use by 

the plants. Since there are essentially opportunities for losses due to evaporation and drift, for inadequate 

irrigation in which the least watered areas are under irrigated [9]:  

 

EUERFSystemAELQ                      (7)                   

 

MLIP average  2.5

 MLIP minimum  1.5 + MLIP average




ERF                 (8) 

 Where: 

 ERF: efficiency reduction factor 

 MLIP: minimum lateral inlet pressure (psi) 

 Average MLIP: average pressure in manifold pipe (psi) 

 Minimum MLIP: pressure in the end of manifold pipe (psi) 

 

Potential Application Efficiency of Low Quarter (PELQ): 

 PELQ indicates a measure of system performance attainable under reasonably good management when the 

desired irrigation is being applied [9]. 

 

100
satisfiedjust  MAD when applied water ofdepth  average

 MAD  toequal when dinfiltratedepth quarter  low average
PELQ           (9) 

 

 The PELQ is the precise value of AELQ when the low quarter depth of water infiltrated is just sufficient to 

satisfy the SMD when SMD = MAD in all parts of the field. Low PELQ usually is associated with inefficient 

system design, but may be intentional for economic reasons. The difference between PELQ and AELQ is a 

measure of management problems, whereas low values for AELQ merely indicate the possible existence of such 

problems. The concept of PELQ used in other evaluation procedures must be modified when evaluating trickle 

irrigation systems, which wet only part of the area because the minimum depth would be zero. Since trickle 

irrigation wets only a small portion of the soil volume, the SMD must be replaced frequently. It is always 

difficult to estimate SMD because parts of the wetted portion of the root zone often remains near field capacity 

even when the interval between irrigation is several days.  

 As a general rule, about 10% more water than the estimated SMD or evapotranspiration should be applied 

to the least watered areas. Thus the PELQ under full trickle irrigation can be estimated by [9]:  

 

EUERFSystemPELQ  9.0           (10) 

 

Results and Discussion: 

The First Garden Evaluation: 

 This garden included four to five-year-old Olive trees with 3 drippers for every tree. The space between 

trees was mm 55  . Drip irrigation system characteristics of this garden are shown in Table 4, Table 5 and Table 

6. Water reservoir of this garden was a pool that was filled by a pump from a well. The elevation of the pool was 

40 meters from the garden. This height was very much for system resistance and it was observed nodes in some 

parts of system. Therefore, for solving this problem, we should apply pressure regulator or control valve for 

reducing pressure in system. By measuring of pressure in entryway and exit of Central Control System, it was 

clear that the pressure loss was very high, because Net filters had not had been washed in correct scheduling. 
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Also, because of Lime and Gypsum presence in irrigation water and sedimentation of them in drippers, it was 

observed a discharge reduction from 4 lit/hr to 2.8 lit/hr. So, the system washing by diluted HCL acid for 

removing them is recommended. Pressure variations in lateral pipes was less than 5%. Thus, that was allowable 

and caused a suitable distribution uniformity (DU=83%). The average of wetted area percent for every tree was 

about 19.5% that was less than FAO recommended amount in arid regions (36%). Its reason was low number 

and discharge of drippers and high irrigation frequency periods. Finally, in this plan, drippers had much 

problems because of ignoring to Central Control System and low quality of irrigation water. Maybe these 

problems have been compensated in short-term by presence of high pressure in system, but in long-termit’s 

predicted that more than 70 percent of drippers be out of order. Evaluation parameters of the first garden are 

shown in Table 7. 

 
Table 4: Drip irrigation system characteristics of the first garden. 

Dripper kind Irrigation hours Irrigation frequency period Irrigation unit number Manifold number Garden area (ha) 

In line 6 3 1 4 5 

Shadow area 
percentage 

MAD PWP (%) FC (%) Lateral pipe length (m) Lateral pipe diameter 
(mm) 

Drippers 
space (cm) 

20 0.5 17 30 70 16  60 

 
Table 5: Pressure distribution along the lateral pipes on the beginning and the end of plan manifold. 

Average The end of 
lateral pipe 

2/3 of lateral 
pipe 

1/3 of lateral 
pipe 

The beginning of lateral 
pipe 

Measured parameters 

13.4 12.9 13.7 13.8 13.2 Pressure in the beginning of 

manifold 

13.9 13.6 13.4 14.2 14.4 Pressure in the end of manifold 

19.5 6.2 32.2 22.9 16.6 The average of wetted area 

percent 

 
Table 6: Drippers discharge distribution in an irrigation unit of the first garden. 

The location of emitters on the 

lateral pipes 

The location of lateral pipes on the manifold The average of 

discharge (l/s) the beginning of pipe 1/3 of pipe 2/3 of pipe The end of pipe 

the beginning of pipe 2.6 3.1 3.1 3 3 

1/3 of pipe 2.8 2.3 3.3 3 2.9 

2/3 of pipe 3.3 2.4 3.4 3 3 

The end of pipe 2.4 2.1 3 2.4 2.5 

The average of discharge (l/s) 2.8 2.5 3.2 2.9 2.8 

 
Table 7: Evaluation parameters of the first garden. 

Amounts Evaluation parameters 

74 Emission Uniformity (EU) 

88 Coefficient of Uniformity (CU) 

83 Distribution Uniformity coefficient (DU) 

75 Application Efficiency of Low Quarter (AELQ) 

68 Potential Application Efficiency of Low Quarter (PELQ) 

1.01 Efficiency Reduction Factor(ERF) 

 

The Second Garden Evaluation: 

 This garden included two to four-year-old Olive (30 hectares) and Citrus (40 hectares) trees with 3 drippers 

for every tree. The space between trees was mm 55  . Drip irrigation system characteristics of this garden are 

shown in Table 8, Table 9 and Table 10. Water reservoir of this garden was a well. This plan had Central 

Control System but because of low quality of irrigation water and presence of very much sulfur in it, both 

Netfilters and drippers were clogged and plants in garden were damaged. Drippers were in the line and because 

of clogging and being reduced of pressure in system; it was observed a discharge reduction from 4 lit/hr to 2.9 

lit/hr.So, the average of wetted area percent for every tree was very low and about 12%.For solving this 

problem, applying of Adjustable Mini Bubbler and reducing irrigation frequency periods from 4 to 2 days, were 

recommended. AELQ and PELQ in this plan were 68% and 61% respectively and it was clear that the 

management in this plan was not suitable. Also, salts in irrigation water were very much, whereas different 

parts of Central Control System had very much corrosion. The particles produced from corrosion of Central 

Control System parts had made sediment in pipes and drippers. This problem showed that analysis of irrigation 

water was not suitable and accurate and generally the management of system was very weak and plan had 

minimum of PELQ and AELQ. Evaluation parameters of the second garden are shown in Table 11. 
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Table 8: Drip irrigation system characteristics of the second garden. 

Dripper kind Irrigation hours Irrigation frequency period Irrigation unit number Manifold number Garden area (ha) 

In line 7 4 5 7 70 

 

Shadow area 

percentage 

MAD PWP (%) FC (%) Lateral pipe length 

(m) 

Lateral pipe diameter 

(mm) 

Drippers 

space (cm) 

13 0.6 10 22 60 16  50 

 
Table 9: Pressure distribution along the lateral pipes on the beginning and the end of plan manifold. 

Average The end of 

lateral pipe 

2/3 of lateral 

pipe 

1/3 of lateral 

pipe 

The beginning of lateral 

pipe 

Measured parameters 

4.3 4.1 4.1 4.1 4.8 Pressure in the beginning of 
manifold 

3.2 3.5 3.5 2.8 3.1 Pressure in the end of manifold 

12.6 7.1 10.2 15.2 18.1 The average of wetted area percent 

 
Table 10: Drippers discharge distribution in an irrigation unit of the second garden. 

The location of emitters on the 
lateral pipes 

The location of lateral pipes on the manifold The average of 
discharge (l/s) the beginning of pipe 1/3 of pipe 2/3 of pipe The end of pipe 

the beginning of pipe 2.6 3.1 3.3 3 3 

1/3 of pipe 2.8 2.3 3.1 3 2.8 

2/3 of pipe 3.1 2.4 3.4 3 2.98 

The end of pipe 2.4 2.1 3 2.5 2.5 

The average of discharge (l/s) 2.7 2.5 3.2 2.9 2.8 

 

Table 11: Evaluation parameters of the second garden. 

Amounts Evaluation parameters 

75 Emission Uniformity (EU) 

88 Coefficient of Uniformity (CU) 

83 Distribution Uniformity coefficient (DU) 

68 Application Efficiency of Low Quarter (AELQ) 

61 Potential Application Efficiency of Low Quarter (PELQ) 

0.92 Efficiency Reduction Factor (ERF) 

 

The Third Garden Evaluation: 

 This garden included two-year-old Olive (4 hectares) and Citrus (2 hectares) trees with 3 drippers for every 

tree. The space between trees was mm 55  . Drip irrigation system characteristics of this garden are shown in 

Table 12, Table 13 and Table 14.Water reservoir of this garden was a well. This plan had not Central Control 

System, so sedimentation was observed in the system. Weeds were very much in the garden and gardener had 

put one Adjustable Mini Bubbler near those 3 drippers in the line until compensated lack of moisture around the 

trees. The average of wetted area percent for every tree was very low and about 5.9%. This problem can be 

solved by increasing of drippers space and decreasing of irrigation frequency periods. The pressure produced 

from pump on the well was more than system resistance (42 m) whereas the average pressure of lateral pipes 

was more than 16 m. This problem caused coming out of drippers from the line. AELQ and PELQ in this plan 

were 73% and 66% respectively and it was clear that the management in this plan was not suitable. DU and CU 

in this plan were less than other evaluated plans in this research. It was because of Central Control System 

absence in this plan and very much sedimentation in system and clogging of pipes and drippers. If we reduce 

the system pressure of this plan and take it to standard pressure, the clogging problems will be more severe 

than now. Evaluation parameters of the third garden are shown in Table 15. 

 
Table 12: Drip irrigation system characteristics of the third garden. 

Dripper kind Irrigation hours Irrigation frequency period Irrigation unit number Manifold number Garden area (ha) 

In line 7 3 1 5 6 

 

Shadow area 

percentage 

MAD  PWP (%) FC (%) Lateral pipe length 

(m) 

Lateral pipe diameter 

(mm) 

Drippers  

space (cm) 

11 0.6 6 15 50 16  60 

 

Table 13: Pressure distribution along the lateral pipes on the beginning and the end of plan manifold 

Average The end of 
lateral pipe 

2/3 of lateral 
pipe 

1/3 of lateral 
pipe 

The beginning of lateral 
pipe 

Measured parameters 

15.8 15 17 15 16 Pressure in the beginning of 

manifold 

16 16 14 16 18 Pressure in the end of manifold 

5.9 5.4 6.5 5.1 6.7 The average of wetted area 
percent 
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Table 14: Drippers discharge distribution in an irrigation unit of the third garden. 

The location of emitters on the 

lateral pipes 

The location of lateral pipes on the manifold The average of 

discharge (l/s) the beginning of pipe 1/3 of pipe 2/3 of pipe The end of pipe 

the beginning of pipe 5.2 3.7 4.4 4.1 4.35 

1/3 of pipe 5.1 4.8 4.3 3.6 4.45 

2/3 of pipe 5.2 4.9 4.2 3.3 4.4 

The end of pipe 4.6 3.7 3.1 4.1 3.88 

The average of discharge (l/s) 5 4.3 4 3.8 4.3 

 
Table 15: Evaluation parameters of the third garden. 

Amounts Evaluation parameters 

73 Emission Uniformity (EU) 

87 Coefficient of Uniformity (CU) 

80 Distribution Uniformity coefficient (DU) 

73 Application Efficiency of Low Quarter (AELQ) 

66 Potential Application Efficiency of Low Quarter (PELQ) 

1 Efficiency Reduction Factor (ERF) 

 

The Fourth Garden Evaluation: 

 This garden included four-year-old Olive and Citrus trees with 4 drippers for every tree. The space between 

trees was mm 56  . Drip irrigation system characteristics of this garden are shown in Table 16, Table 17 and 

Table 18. Water reservoir of this garden was a well. This plan had not Central Control System, so sedimentation 

was observed in the system. Because of Lime and Gypsum presence in irrigation water and sedimentation of 

them in drippers, it was observed a discharge reduction from 4 lit/hr to 1.5 lit/hr. Sedimentation in drippers 

caused pressure reduction in system that was observed 4.6 meters along the lateral pipes. AELQ and PELQ in 

this plan were 71% and 64% respectively and it was clear that the management in this plan was not suitable. It 

was because of Central Control System absence in this plan and very much sedimentation in system and 

clogging of pipes and drippers. So, gardener was forced to increase irrigation hours until compensate lack of 

soil moisture. Evaluation parameters of the fourth garden are shown in Table 19. 

 
Table 16: Drip irrigation system characteristics of the fourth garden. 

Dripper kind Irrigation hours Irrigation frequency period Irrigation unit number Manifold number Garden area (ha) 

In line 8 4 2 4 10 

 

Shadow area 

percentage 

MAD PWP (%) FC (%) Lateral pipe length 

(m) 

Lateral pipe diameter 

(mm) 

Drippers 

space (cm) 

13 0.6 10 22 50 16  65 

 
Table 17: Pressure distribution along the lateral pipes on the beginning and the end of plan manifold. 

Average The end of 

lateral pipe 

2/3 of lateral pipe 1/3 of lateral 

pipe 

The beginning of lateral 

pipe 

Measured parameters 

4.7 5.3 4.6 4.5 4.5 Pressure in the beginning of manifold 

4.5 5.2 4.5 4.5 3.8 Pressure in the end of manifold 

20 19 9 27 24 The average of wetted area percent 

 
Table 18: Drippers discharge distribution in an irrigation unit of the fourth garden. 

The location of emitters on the lateral 

pipes 

The location of lateral pipes on the manifold The average of 

discharge (l/s) the beginning of pipe 1/3 of pipe 2/3 of pipe The end of pipe 

the beginning of pipe 3.2 2.3 2 1.9 2.35 

1/3 of pipe 2.7 2.4 2.2 1.7 2.25 

2/3 of pipe 2.6 2.3 2.1 1.6 2.15 

The end of pipe 2.2 2.1 2 1.5 1.95 

The average of discharge (l/s) 2.7 2.3 2.1 1.7 2.2 

 
Table 19: Evaluation parameters of the fourth garden. 

Amounts Evaluation parameters 

72 Emission Uniformity (EU) 

91 Coefficient of Uniformity (CU) 

87 Distribution Uniformity coefficient (DU) 

71 Application Efficiency of Low Quarter (AELQ) 

64 Potential Application Efficiency of Low Quarter (PELQ) 

0.99 Efficiency Reduction Factor (ERF) 

 

The Fifth Garden Evaluation: 

 This garden included two-year-old Olive and Citrus trees with 3 drippers for every tree. The space between 

trees was mm 55  . Drip irrigation system characteristics of this garden are shown in Table 20, Table 21 and 

Table 22. Water reservoir of this garden was a pool that was filled by a pump from a well. The elevation of the 
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pool was 55 meters from the garden whereas the average pressure of lateral pipes was more than 17 m that it 

was at least 7 meters more than required pressure in system. This height was very much for system resistance 

and it was observed nodes in some parts of system. Therefore, for solving this problem, we should apply 

pressure regulator or control valve for reducing pressure in system. This plan had not Central Control System, so 

sedimentation was observed in the system but because of applying Adjustable Mini Bubblers in this plan, they 

could be cleaned properly whereas gardener should cleaned drippers every 2 months. The average of wetted 

area percent for every tree was very low and about 6.6%. This problem can be solved by increasing of drippers 

space and decreasing of irrigation frequency periods. AELQ and PELQ in this plan were 93% and 83% 

respectively and it was clear that the management in this plan was suitable. Its reason was applying Adjustable 

Mini Bubblers and proper schedule for cleaning them whereas this plan had the best AELQ, PELQ, EU, CU and 

DU. Evaluation parameters of the fifth garden are shown in Table 23. 

 
Table 20: Drip irrigation system characteristics of the fifth garden. 

Dripper kind Irrigation hours Irrigation frequency 
period 

Irrigation unit 
number 

Manifold 
number 

Garden area 
(ha) 

Adjustable Mini Bubbler 7 3 1 5 5 

 

Shadow area 

percentage 

MAD PWP (%) FC (%) Lateral pipe length (m) Lateral pipe diameter 

(mm) 

Drippers 

space (cm) 

11 0.6 10 22 60 16  55 

 
Table 21: Pressure distribution along the lateral pipes on the beginning and the end of plan manifold. 

Average The end of 
lateral pipe 

2/3 of lateral pipe 1/3 of 
lateral pipe 

The beginning of 
lateral pipe 

Measured parameters 

16.6 17.6 17.3 16.1 15.4 Pressure in the beginning of manifold 

17.3 18.5 17.5 16.8 16.4 Pressure in the end of manifold 

6.6 6.2 7.1 6.2 7.1 The average of wetted area percent 

 
Table 22: Drippers discharge distribution in an irrigation unit of the fifth garden. 

The location of emitters on the lateral pipes The location of lateral pipes on the manifold The average 

of discharge 

(l/s) 
the beginning of pipe 1/3 of 

pipe 

2/3 of pipe The end of pipe 

the beginning of pipe 8.5 8.4 9.2 9.2 8.83 

1/3 of pipe 8.5 9.1 8.9 9.3 8.95 

2/3 of pipe 8.2 8.9 9.3 9.3 8.93 

The end of pipe 8.9 8.9 9.5 9.2 9.13 

The average of discharge (l/s) 8.5 8.8 9.2 9.3 9 

 
Table 23: Evaluation parameters of the fifth garden. 

Amounts Evaluation parameters 

92 Emission Uniformity (EU) 

97 Coefficient of Uniformity (CU) 

95 Distribution Uniformity coefficient (DU) 

93 Application Efficiency of Low Quarter (AELQ) 

83 Potential Application Efficiency of Low Quarter (PELQ) 

1.01 Efficiency Reduction Factor (ERF) 

 

Conclusion:  

 According to the results, in the fifth garden AELQ and PELQ were maximum and showed the suitable 

management and protection from drip irrigation system. However, in the second garden AELQ and PELQ were 

minimum and showed the unsuitable management and protection from drip irrigation system. Results showed 

that the third garden had the least CU and DU. It was because of Central Control System absence in this plan 

and very much sedimentation in system and clogging of pipes and drippers. It caused the pressure difference 

and the discharge difference more than standard limit between different parts of system.  

 In some drip irrigation systems that management was very weak and protection was unsuitable, by 

analysis of variations curve of laterals discharge and pressure along the manifolds, it was cleared that in the 

laterals that originated from the beginning and the end of manifolds, the pressure and discharge variations were 

very much and caused low DU and CU in drip irrigation system. 

Some recommendations for suitable management and protection from drip irrigation system are:  

- Protection, service and correct use of Central Control System. 

- Correct useof pressure and discharge control valves for keeping pressure and discharge uniformity in entire 

system.  

- Correct and on time use of drippers washer materials for prevention of their clogging. 

- Continuous investigation from entire parts of system like: Central Control System, drippers, pressure 

regulators, control valves, pipes junctions etc. 
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- Putting pressure regulator in entryway and exit of filtration system and continuous investigation of 

filtration system. 

- Never used from long-path drippers when irrigation water is with much amounts of Sulfur, Lime and 

Gypsum. In this situation, it is better to use from Adjustable Mini Bubblers.  

- It is better to use from more drippers around the trees with increasing of trees age.  
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