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Abstract: Irrigation is the most important component in ensuring that crops can produce
optimal yields. The use of drip irrigation can help farmers provide water to crops in the
amount required by the crop. Drip irrigation usually uses an uncompensated dripper and also
a pressure compensated dripper. When using an uncompensated dripper, precise pressure is
required to ensure a uniform flow for each dripper, while when using a pressure compensated
dripper, operating pressure must be kept within the range defined by the dripper
manufacturer. This research aims to compare the hydraulic performance of a low-pressure
drip irrigation system to the minimum pressure recommended by dripper manufacturers. The
pressure operation recommended by the manufacturer was 1.5-4 bars. This study uses
pressures as low as 1 bar (low pressure), 2 bars, and 2.5 bars (recommended by manufacture)
to operate this irrigation system. The volumetric approach was used to calculate each
emitter's flow rate. The hydraulic parameters studied were coefficient uniformity (CU),
emission uniformity (EU), coefficient of variation (CV), and emitter flow variation (EFV).
The results showed that CU, CV, and EU have an excellent classification, with a value of
over 95% efficiency for CU and the EU. The CV value is less than 0.03, indicating a very
accurate classification. Meanwhile, when running at 2.5 and 2.0 bars, emitter flow variance
was 10% and was considered as the desirable classification. On the contrary, the emitter flow
variation was reported at 6% for 1 bar operating pressure and the classification was also
recorded in the desired classification. The results concluded that the use of low operating
pressure compared to the minimum operating pressure proposed by the manufacturer can also
operate in excellent condition according to the hydraulic parameters evaluated.
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1. Introduction

Irrigation is the most important component of agricultural activities. Good irrigation
can provide optimal growth to the crop. To achieve this goal, drip type irrigation is used
especially for crops such as vegetables and fruits grown either in the greenhouse or in the
field. The drip irrigation has been widely used worldwide because it is easy to operate and
uses a small pump compared to other irrigation methods. Furthermore, compared to other
irrigation methods, drip irrigation have shown to increased crop yields and saved water by
about 50%. (Sivanappan, 1994). This would make investing in a drip irrigation system more
affordable, compensating for the high cost of capital for drip equipment (Dhawan, 2000).
Drip irrigation provides water to the plant uniformly with a certain amount as required by the
crop. Water requirements are different for each crop, and so the crop's water needs can be
determined according to the time needed for the irrigation activities to be performed with
drip irrigation.

Performance is the basis for drip irrigation. A significant factor in running a drip
irrigation system is in its optimum performance. Optimum irrigation operation can be
provided by using proper pressure operation (Tyson & Cutis (2009). The pressure needed
must correspond to the quantity of flow required for the irrigation field. This ensures that
each dripper's flow rate is uniform, especially for drip irrigation systems using
uncompensated dripper type. A pressure compensated dripper can have a uniform flow rate
if the pressure is kept within a certain range. Most farmers prefer to use the pressure
compensated dripper as compared to the use of uncompensated dripper because it is easier in
determining the appropriate use of the pump. Besides, a uniform water flow can be obtained
with the use of proper pressure operation.

Uniformity in the distribution of water for crops is the most important element in
determining the efficiency of an irrigation system. Apart from proper pressure operation,
clogging is also a problem that often disrupts the drip irrigation system. Clogging usually
occurs if irrigation is done in conjunction with fertilization. Therefore, selecting a suitable
dripper and avoiding the occurrence of clogging is necessary (Zhou et al., 2017).

Studies by Sharu and Razak (2020) has given an excellent classification for all
hydraulic parameters measured according to the ASAE standard, using pressure operations
within the range required by the dripper. The pressure operation recommended for this study
by the manufacturer of drippers is about 1.5-4 bars. This means that excellent hydraulic
efficiency would be provided using pressure operation within a certain range for a specific
dripper. However, the use of pressure operations in the appropriate range was often unable
to be carried out due to many factors, such as small pumps, large quantities of crops, etc.
Therefore, this study was conducted to determine the hydraulic performance of using low
operating pressure in comparison to the operating pressure recommended by the dripper
manufacturer.



AAFR] 2022, 3, 1; https://doi.org/10.36877/aafrj.a0000225 30f 9

2. Materials and Method
2.1 Study Sites

Laman Sayur at Malaysia Agro Exposition Park Serdang (MAEPS) was the site of
this study. MAEPS is an open showground with pergola-hung vegetables and fruits and a
greenhouse area with fertigation and hydroponic vegetables.

MAEPS' drip irrigation system method was used in combination with the fertigation
on the Laman Sayur. Two 30 m long lateral pipes were split into two parts and different
valves separate each section for each part. One dripper was fitted for each plant. In this study,
the dripper used in the irrigation system was the pressure compensating type (Figure 1) with
2 I/h discharge and operating pressures of 1.5-4 bars. The irrigation system configuration is
as shown in Figure 2. Volumetric methods were used to determine the flow rate for each
dripper. Measuring cylinders, stopwatches, and trapped cans were used to measure the
dripper flowrate.

Figure 2. Drip Irrigation system at Laman Sayur, MAEPS Greenhouse
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2.2 Hydraulic Performance of Drip Irrigation System

In order to determine the irrigation system's real capacity, hydraulic performance was
measured. The coefficient of uniformity (CU), emission uniformity (EU), coefficient of
variation of emitter flow (CV), and emitter flow variation (EFV) were factors that were found
to influence the hydraulic performance efficiency. These hydraulic parameters were then
determined by following the equations of 1 to 4 and indicators as listed in Table 1, as
described by the American Society of Agricultural Engineers (ASAE, 1999). Flow rate
measurements of each dripper were performed using operating pressures 1.0 bar which was
a lower pressure than the minimum pressure recommended by the dripper manufacturer,
which was 1.5 bars. This study was conducted using a pressure of 1 bar instead of the pressure
recommended by the dripper manufacturer (2 and 2.5 bars). Other than that, the experiments
were carried out in  a similar arrangement of experimental setup and condition performed
by Sharu & Razak (2020) to avoid inconsistent data.

Table 1. Equation and classification involved in hydraulic performance calculation Source from American
Society of Agricultural Engineering (ASAE, 1999).

Parameter Performance indicator
. >90% Excellent

(C):foefflment 80-90% Good
uniformity 70-80% Fair
(CU) 60-70% Poor

> 60% Unacceptable
Emission >90% Excellent
uniformity 80-90% GO.Od
(EV) 70-80% Fair

<70% Poor

<0.05 Excellent
Coefficient  0.05-0.07 Average
of variation 0.07-0.11 Marginal
(CV) 0.11-0.15 Poor

>0.15 Unacceptable
E?V\lltter <10% Desirable
variation 10-20% Acceptable
(EFV) > 25% Unacceptable

2.3 Coefficient of Uniformity (CU)

The measuring of coefficient uniformity is using equation defined by (ASAE, 1999)
as equation 1:
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_ Aq 1)
Cu= 1001 - % qn)
Where:

Cu = Coefficient uniformity in percentage

Aq = Average deviation of individual emitters discharge (I/h).
g = Average discharge (I/h).

n = Number of observations.

2.4 Emission Uniformity (EU)

Emission uniformity (EU) measured using equation 2 defines by (ASAE, 1999)

EU = 100 @) 2)
qa
Where:

Eu = Emission uniformity in percentage
gn = Average discharge of the lowest one fourth of emitter discharge readings (I/h)
ga = Average discharge of all the emitters (I/h).

2.5 Coefficient of Variation (CV)
The measuring of coefficient of variation using equation 3 below (ASAE, 1999):

SD
CV = 1006[_— (3)

Where:

CV= Coefficient of variation.
SD = Standard deviation of emitter discharge.
g- = Average emitter discharge in the same lateral lines (I/h)

2.6 Emitter Flow Variation (EFV)

The measuring of emitter flow variation using equation 4 below (ASAE, 1999):

EFV =100 [1- Qmin/Qmax] 4)
Where:
EFV = emitter flow variation in percentage

Qmin = minimum emitter discharge rate (I/h)
Qmax = maximum emitter discharge rate (I/h)
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3. Results
3.1. Hydraulic Performance

Table 2 shows the hydraulic performance analysis of drip irrigation with low running
pressure and operating pressure within the dripper manufacturer's range (Sharu & Razak,
2020). The drip irrigation system's hydraulic performance analysis was assessed using three
different operating pressures. The parameters of CU, CV, EU, and EFV were examined. The
results demonstrated that when running at low operating pressure, the drip irrigation system
worked well. All hydraulic parameters indicated that they were in excellent classification. A
study conducted by (Sharu & Razak, 2020) found that the use of pressure operation at the
range set by the dripper manufacturer showed that all the hydraulic parameters calculated
were in an excellent classification.

Table 2. Hydraulic parameters of drip irrigation system values and classification (pressure 2 bars and 2.5 bar
study from Sharu and Razak (2020)).

Pressure (bar)

No. Hydraulic parameter
1 2 2.5
1 CuU 98.52 98.28 98.23
Classification excellent  excellent excellent
2 CcVv 0.018 0.021 0.021
Classification excellent  excellent excellent
3 EU 98.2 97.53 97.12
Classification excellent  excellent excellent
4 EFV 6 10 10
Classification desirable  desirable desirable
100 100
99.5 99.5
99 98.52 99
985 98.28 98.23 98.5 98.2
98 98 97.53
97.5 97.5 97.12
97 97
96.5 96.5
96 96
95.5 95.5
95 95
1 2 2.5 1 2 3
H Coefficient of uniformity, CU B Emission of Uniformity (%)
Figure 3. Coefficient of Uniformity Figure 4. Emission of Uniformity

3.2 Coefficient of Uniformity (CU)

The CU showed that excellent classifications (Figure 3) were observed for three
distinct operating pressures. The coefficient uniformity for low operational pressure was
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found to be 98.52% (1 bar). While for 2 and 2.5 bars, operating pressure also performed at
excellent classification with 98.28% and 98.23%, respectively. As a result, the emitter
discharge for this analysis was done at a low operating pressure, which resulted in an
excellent CU result. This suggested that the pressure operation at 1 bar used in this analysis
was appropriate for achieving high CU values. To put it another way, it is preferable to use
less power rather than more power.

3.3 Emission of Uniformity (EU)

At 1 bar, 2 bars, and 2.5 bars of operational pressures, the EU coefficients were at
98.2%, 97.53%, and 97.12%, respectively. Figure 4 shows that EU was better at 1 bar (low
pressure) operating pressure, but the results were still good at 2.0 and 2.5 bars operating
pressure, and the classification was excellent. This result showed that the use of low operating
pressure gave the best EU value.

0.03 12
0.025 0.021 0.021 10

0.02 0.018 8 6
0.015 6
0.01 4
0.005 2
0 0

1 2 3 1 2 3
M Coefficient of Variation M average flow variation (%)
Figure 5. Coefficient of variation Figure 6. Emitter flow variation

3.4 Coefficient of Variation (CV)

With the CV (Figure 5) at 1 bar of operating pressure, the emitter was found to be
0.018, and at 2 and 2.5 bars of operating pressure, it was found to be 0.021. According to the
findings, it was observed with the decrease in the drip system's operating pressure, the CV
decreases as well, which implied that the pressure has a direct impact on the emitter's
discharge volume. However, within the three different operational pressures, the
classification was still excellent. As a result, the emitter discharge was used with low
operating pressure for this analysis, which resulted in an excellent CV.

3.5 Emitter Flow Variation (EFV)

The EFV was measured at 6%, 10%, and 10% for operating pressures of 1 bar, 2 bars,
and 2.5 bars, respectively. It was evident from Figure 6 that at 1 bar operating pressure, the
EFV was the best at 6%. The emitter flow variation at 2.0 and 2.5 bar operating pressures
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gave the variation at 10%. The three distinct operational pressures were classified in the same
way as desirable. This means that increased operational pressure can result in a lot of
variation. Consequently, the low operating pressure emitter discharge produces the desired
result in emitter flow variance in this analysis.

4. Discussions

The drip irrigation system's hydraulic performance analysis was assessed with three
different operating pressures. The findings demonstrated that when running at a certain
operating pressure, the drip irrigation system works well (Sharu & Razak, 2020). Solomon
(1983) and Amound (1995) noted that each applies to a well-planned drip irrigation system
if the CV is at least 85% and the EU is higher than 90%.

The use of a low operating pressure operation at 1 bar also indicated that it is in an
excellent classification and that it was greater than the operating pressure in the range
recommended by this dripper manufacturer, also for all parameters. The use of low-pressure
activity in this irrigation system indicated that these results will further reduce the power of
operating this irrigation system. The use of pressure operation at 1 bar can provide the best
performance compared to pressure operation in the range recommended by dripper
manufacturers. These findings are important to ensure optimal energy use. Optimal use of
energy can save operating costs for the operation of irrigation systems.

5. Conclusion

The results concluded that the use of low operating pressure compared to the
minimum operating pressure proposed by the manufacturer can also operate in excellent
condition according to the hydraulic parameters evaluated. This shows that the choice of a 1
bar pressure procedure in this study was sufficient for obtaining an outstanding classification
in the CU, EU, and CV. For EFV, the result for 1 bar operating pressure gave desirable
classification that was better than 2 bars and 2.5 bars pressure operations. The use of 1 bar
pressure operation on this irrigation system was sufficient to obtain the best hydraulic
performance, although the pressure operation proposal from the dripper manufacturer is in
the range of 1.5-4 bars. To put it another way, it is preferable to use less power rather than
more power. The results of this drip irrigation system hydraulic efficiency review would aid
in determining the appropriate operating pressure level, the type of emitter, and the distance
between the emitter and each emitter's discharge.
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