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ABSTRACT

Recently maintenance operation is considered one of the main axes of
engineering management of pressurized irrigation systems. There for the
aim of this research work was to select the most suitable maintenance
programs to improve drip irrigation systems laterals performance, and
decrease the damages caused by emitter clogging as a result of bad
maintenance applications. The physical maintenance programs included
lateral end flushing with two different operation times"5, 10 minutes at
the end of each irrigation”, at four interval times "weekly, Bi-weekly,
monthly, and at the end of each season”. The flushing 5Sminutes was
applied once continuous, and the other intermitted.

The systems performance was evaluated through three parameters:
discharge, clogging, and pressure through seven evaluation criteria
mentioned in the research.

The results showed that bi-weekly flushing for 5 min. continuously
(MS;1P;2) proved to be the best flushing with fresh water program which
decreases clogged emitters 44.21 % to be closer to the standard (control)
with 4.85 %. Also partially clogged emitters decreased by 46.7 %,
Emission uniformity(EU%) increased 19.4 %, and distribution
uniformity(DU%) 13.9 % more than the control treatment. (MS;P;2) was
followed by the weekly flushing for 10 min. continuously. (MSsP;1) as it
raised (DU%) with 12.3 % and gave the highest value of pressure
uniformity (UP%) that reaches 93.14%.

Keywords: drip irrigation system, performance, maintenance, flushing,
clogging ratio ,distribution uniformity.
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INTRODUCTION

rip irrigation fine performance deserve a wide branch in the

scientific researches, for its importance in the agricultural future

in Egypt. By the year 2005, 88547.6 feddans were greenhouses
cultivations which produce 799.81 thousand tones/ year (S.1.A.S. 2006).
The vegetables cultivations under greenhouses are important
economically, fine drip irrigation will raise the total exports of vegetables
that reached 1841.05 thousand tones / the year 2004, with a value of
651.29 million U.S. dollars, This exports of vegetables equal almost half
the total agricultural and food exports in Egypt which is 1241.66 million
U.S. dollars/the year 2004.(A.A.S.Y.B. 2005).Determining the exact cause
of emitter clogging can be complex because the various agents in the
water can interact with each other, aggravating the clogging problem.
Moreover, considering the dynamic nature of many water quality
parameters there is no way to predict if a clogging problem will develop
in the long run (Ravina et al. 1992).
Where farmers tend to complement or replace drip systems for peaches by
sprinkler irrigation, showed that the main constraints were maintenance
problems, and the control of filtration and rate of flow(Revol et al.
1995).Filtration systems do not normally remove clay and silt particles,
algae and bacteria because they are too small for typical economical
filtration. These particles may travel through the filters as individual
particles, burthen flocculate or become attached to organic residues and
eventually become large enough to clog emitters (Nakayama et al.
2007).(Babagallo and Buttafuoco 1998) mentioned that pipe flushing at
the end of the irrigation season and increasing water pressure did not fully
clear clogged emitters.Preventive maintenance of the pumping system is
essential during the irrigation season ( Phocaides 2001).The long-term
operation of the irrigation installation depends upon simple maintenance
carried out by the farmer. The periodic servicing of pumping plants and
the repair of special devices (filters, injector, etc.) is carried out by trained
maintenance and repair personnel(Phocaides 2001).
( Vieira et al. 2004) used phosphoric acid, sodium hypochlorite, and a
commercial product and mechanical treatment for cleaning drippers in
which the clogging was due to the presence of high iron content in water
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and concluded that . The mechanical treatment is a good alternative to
recover the drip irrigation systems.

The irrigation system should be designed so that it can be flushed
properly. To be effective, flushing must be done often enough and at an
appropriate velocity to dislodge and transport the accumulated sediments
(Nakayama et al. 2007). A minimum flushing velocity of 0.3 m/s is
recommended for microirrigation systems (ASAE 1996). Flushing
velocity of 0.5-0.6 m/s may be needed when larger particle sizes need to
be removed, like when coarser filters are used (Hills and Brenes
2001,Nakayama et al. 2007 Cited by Puig-Bargués et al.2010). Drip
irrigation system in China, which has been operational for 8 years. Some
suggestions to solve the problem of clogging are described, including
enhanced filtration, timely flushing and improving the route of water in
the emitter (Wu et al., 2004).

There is not ageneral agreement on what is the best flushing frequency.
Several researchers have studied different flushing frequencies: daily with
stored treated effluents (Ravina et al. 1997), twice per week (Tajrishy et
al. 1994) and once per week ( Tajrishy et al. 1994, Hills et al. 2000)
fortnightly and monthly with stored groundwater (Hills et al. 2000).
However, in many areas only one flushing is carried out at the beginning
and/or at the ending of irrigation season (Puig-Bargués et
al.2010).Emitter clogging was greater when no dripline flushing was
carried out. However, no significant difference was observed between
flushing intervals carried out at a velocity of 0.6 m/s (Puig-Bargués et al.
2010).

Filtering and flushing drip lines are simple and useful methods to prevent
emitter clogging. Also flushing can clear the inorganic and organic
materials precipitated in emitter orifices and on the inside —wall of drip
hoses out of the system. Chemical clogging can be controlled with acid
injection which can lower the PH value of irrigation water and thus
prevent chemical precipitation (Ravina et al. 1992 and Dehghaisani et
al. 2005). Emitter clogging was greater when no dripline flushing was
carried out. However, no significant difference were observed between
flushing intervals carried out at a velocity of 0.6 m/s (Puig-Bargueés et al.
2010 ).Drip irrigation systems must have good and consistent filtration,
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water treatment, flushing and maintenance plans to ensure long economic
life (Lamm and Camp 2007).We also recommend that an air/vacuum
relief valve be used for drip irrigation to avoid ingestion of soil particles
due to back siphoning. Flushing at a flushing velocity of 0.6 m/s was
adequate when it was performed monthly or only at the end of the
irrigation season (Puig-Bargues et al. 2010).

The aim of this study was to select the most suitable maintenance
program for surface drip irrigation system laterals performance through
twelve programs and subprograms.

MATERIALS AND METHODS
Field work was carried out in the central greenhouses of the Ministry of
Agriculture, at Dokki.Flushing with water programs were tested in three 6
years old net work, triple greenhouses, shown at fig.1.
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Fig.1:Flushing with water programs location.
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MATERIALS:

Flushing with water programs were tested in 6 years old network, triple
greenhouses in the central greenhouses of the Ministry of Agriculture at
Dokki, the layout of which is shown at fig.1., Each greenhouse has the
same dimensions 24m widthx60m length, and covered by polyethylene
plastic at a height of 10 m.

Studied drip system components consists of: Control head located at
the source of the water supply which was a well of 60-80 m*/hr, consists
of 37/2” screen filter 120 mesh/inch, Pressure gauge, valves before and
after the filter, The fertigation unit which is a venturimeter. Main lines
made of P.V.C. pipes, 110 mm dia. Manifold also P.V.C. pipes, 90 mm
dia. , Sub main lines made of P.V.C., 75 mm dia., Laterals made of 16
mm Polyvinyl-ethylene (PE) hoses, and distributors which are built in
emitters, 4 I/hr, 0.5m spacing.

1. Water and Soil irrigation analysis:

Soil samples were collected from the investigated area, analyzed in the
soil science central laboratory, Fac. of Agric., Cairo university. The
properties of the irrigation water and the soil are shown in tables 1, 2.
Table.1.Water chemical analysis

PH | EC Cations (meqg/l) Anions (meg/l)
Ds/m

Ca” | Mg"| Na" | K' |HCos | ¢l | Sos

Imigation | 7 60 1052 |04 |13 |27 |02 |20 |22 |10
water
Leaching

* 785 050 (12 |16 |20 (02 |22 25 |03
water

* Leaching water was taken from the laterals end in the beginning of the system operating before
the search treatments.
Table.2. Soil chemical and mechanical analysis

PH | EC Cations (meqg/l) Anions (meg/l)
Ca’ | Mg" | Na' K" | HCos cl S04~
7. 2
651 6 275 | 140 | 16.66 | 3.8 3.0 21 38
Soil texture C. sand F. sand Silt Clay
Sandy Loam 5.69 60.37 16.80 16.78
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Methods:
Maintenance procedure: Maintenance programs steps are mainly for
cleaning clogged and partially clogged emitters, repairing any damage,
changing the lost components and control unit. According to (Halvey et
al. 1973) individual cleaning for tricklers, and using pressurized water
have many draw bakes as mentioned in the literature review, and flushing
the net proved to be the suitable method for cleaning clogged emitters.
Flushing procedure: The studied maintenance program (MP;) of drip lines
flushing concentrate in twelve cases covering three sub main programs as
illustrated in the following sciliton.Maintenance program2 (MP,) is a new
net work studied to compare the tested maintenance program with it, as a
standard performance was

Flushing wilth freshwater (MP;)

(MS1P) (MS,P) (MS3P)
Continuously for 5 minutes  Pulse for 5 minutes continuously for 10 minutes
v v | v v v v | v v
Weekly  bi-weekly  monthly each season Weekly bi-weekly monthly each season
MSlF’ll MSlF’lZ MS]_P13 M51P14 MSgPll MSgPlZ M53P13 M53P14

Weekly bi-weekly  monthly each season
MS,P;1 MS,P;2 MS,P;3  MS,P.4

Measurements and calculations:

Four lines in each block and four stations on each line were selected for
measuring the required parameters ( Q, P) to evaluate the performance of
such maintenance program using the Merriam and Keller (1978) method,
modified by Vermeiren and Jobling (1986). The measured discharges and
pressures at each station on each selected line which were used in
evaluating criteria were mean of at least ten times of measures.
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a. Discharge evaluation criteria:
1. Emission uniformity:

E =(Q%)*100 ..................... (1)
Where:

E: emission uniformity percentage (%).

Qig: Is the mean of lowest one fourth of emitter discharge observations
(I/n), and

Q: is the average of emitters flow rate (I/h).( Keller and Blienser 1990)
Emission uniformity is not a parameter of efficiency, but it is not possible
to have high efficiency when emission uniformity is low (Burt et al.
1997, Cited by Capra and Scicolone 2007).

2. Distribution uniformity along laterals:

DU = (Q%J*loo ...................... @)
Where:

DU: Distribution uniformity along laterals %.
Qnm : Average of measured discharge(l/hr).
Qn : nominal discharge (l/hr).

3. Percentage of the initial flow rate:

0o = [ﬂ) $100 oo, 3)

Qo
Where:
Qpo: IS the percentage of the initial flow rate
g : is the emitter flow rate, taken as the final reading average (I/h).
Jo : is the initial emitter flow rate, taken as the first reading average
(I/h).(Duran-Ros . et al. 2009)
b. Clogging evaluation criteria:
1. Partial clogging ratio:
The degree of emitter clogging was estimated by using the following
equation:

CRp=(1—(Qu —Qq))*100 ... (4)
Where:

The 17™. Annual Conference of the Misr Society of Ag. Eng., 28 October, 2010 - 1147 -



IRRIGATION AND DRAINAGE

CRp: The emitter partial clogging ratio, (%),

Qavg : The average flow rate for each used emitter (I/h)

Qq: The design flow rate for each new emitter (I/h).(Sultan 2001)

2. Complete clogging ratio:

Complete clogging ratio (CR:%) is computed as the percentage of the
wholly clogged of the whole number of emitters.

NC *
CRC=[N—J 100 e, (5)

.
Where:

CR;: Complete clogging ratio (%),

Nc: The number of totally clogged emitters.

N+: The total number of emitters.

The emitter plugging is an indirect measure for assessing the
effectiveness of a filtration system. In addition its degree can be used as a
measure of the effectiveness of preventive practices such as chemical
water treatment. (ASAE Standard1996)

3. Emitter flow variation:

The emitter flow variation can be calculated by comparing the maximum
and minimum emitter flow rates according to the following equation:

Quar. = [Qmax - (Qmin./Qmax.)] x100 ....... (6)
Where:

Quar.. percent of discharge variation along the lateral line,
Qmax.. maximum discharge, and
Qmin.: Minimum discharge with same units.(Wu and Giltin 1983, Cited by
Hezarjaribi et al. 2008)
c. Pressure evaluation criteria:
1. Pressure uniformity (Up%b):

I:)25 *
u, {?j 100 oo, (7

Where:

Up : is the pressure uniformity.

Pos: is the average pressure of 25% of the emitters with the lowest
pressure (kPa).

P : is the average pressure of all the tested emitters (kPa).(Bliesner 1976;
sited by Duran-Ros et al. 2009)
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2. Pressure variation along laterals (AH%):

AH :[AHﬁAHZJAH“AH‘*j*loo ....... (8)
L

Where:

AH: Pressure variation along laterals (%).

AHji, AH,, AHs, and AHy: Pressure difference between laterals inlet and
end, for the four selected laterals, respectively.

Statistical analysis:

The data resulted from this research work were analyzed using SAS, 2008
statistical analysis program. The used type of statistical analysis was one
way analysis of variance using Duncan's multiple range test.

RESULTS AND DISCUSSION
Chemical analysis of the irrigation water and the lateral flushing water
showed a slight increment of 0.2 meg/I for Hcos and ca*™, and 0.3 meg/I
for CI" and mg*™™. On the other hand the physical analysis of the soil
showed that the texture of the soil is sandy loam. By correlating both the
chemical and physical analyses results , the problem of clogging is more
likely to be physical rather than chemical in that specific location . Thus
flushing of drip lines with water treatments were applied as a proper
maintenance program.
The results of the studied maintenance programs were compared with a
standard new network attitude, and the control of each program
apart.Tables1,2 present the new net work results ,and the MP; control
treatment data and calculations.
Table.3. A standard new network

Line 1 2 3 4
Position | Huar | Qune | Hoar | Qunr Hbaor | Quar | Hoar | Qunr
Inlet 1 4 0.8 3.5 0.8 3.6 1 3.913
First 1/3 1 4 0.7 3.458 0.9 4 0.9 3.717
Second?2/3 1 4 0.8 3.558 0.9 4 0.8 3.496
End 0.9 4 1 4 1 4 0.85 3.683
Q average 4 3.629 3.9 3.702
AH 0.1 0.2 0.2 0.15

The 17". Annual Conference of the Misr Society of Ag. Eng., 28 October, 2010 - 1149 -



IRRIGATION AND DRAINAGE

Although the net work was new, the discharge readings vary, but they
were suitable to operate the system efficiently, that could be due to
manufacturer variation. According to (Hezarjaribi et al. 2008) In the
manufacturing processes there will be variations in passage size, shape,
and final finish. The flow rate in trickle irrigation emitters is small;
therefore any variation can cause large variation in relative flow rates.
The variations resulting from manufacturing process are generally
assumed to be one of the significant parameters related to uniformity and
efficiency of the system.Calculations confirms that. E%, DU%, and
Quar % values were in the optimum range. This result was due to the age
of the net which did not allow sediment to occur yet.
On the other hand, the measured pressure values were not equal to
nominal values. For example AH along the lateral=16.3 while it must be
in the range 10-15%.
Table.4.Water control
treatment
Line 1 2 3 4
POSItion | Hpar | Qumr | Hbar | Qe | Hbar | Qune | Hbar | Qe
Inlet 06 28 07 313 065 25 07 3
First1/3 | 06 28 0.7 3 0.5 2 06 28
Second2/3 | 0.6 2333 0.6 25 05 19 06 245
End 0.5 2 05 195 055 195 05 15
Q average 2.496 2.645 2.088 2.438
AH 0.1 0.2 0.1 0.2

Table 2 shows the attitude of the water program network without
maintenance. The measured data vary a lot from the optimum values. This
variation in the readings may due to non regularity of the maintenance
operations for this net work before. For example the calculated E%, and
DU% values differs with 64.34, and 18.9% respectively less than the
optimum values measured in the new network. While CR; % and CRp%
are more with 39.36 and 66.4%.
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Table.5.Maintenance programs evaluation

DUY EU%| @w% CRp9 CR.% Qud UPY AH, o.vq
] |

MS; P 774& 329¢ 176¢ 312 880 0.1¢ 548

MS,P \% 65.91 80.0&\\% 2-9&\\%\\%\\\%\\\%

MS,P| 83.6 43.01 80.5 56.9¢  12.6: 1.37  90.1: 0.1¢ 3.63
MS,P4  81.7. 38.97  49.8 42.4¢ 675 2.2C 90 0.1« 2.00
MS,P; 853 2427 828 43.32 2.88 242  91.3¢ 0.1« 5.05

MS,P; 85.3&\\ )¢ 68.0. 45.7¢ 3.15 231 8500 0.1¢ 6.16

MS,P{  84.2 56.98  69.5 58.02  43.9¢ 251  88.4! 0.14 2.52

MSP| 80 ST 691 G622 142 %0/ 011 296
MSP, 889 3627 917 458 603 266 93l 01 493

MS;P  77.2 53. 7\\\% 56.4@ 2.6C  85.5¢ 0.1¢ 4.39
MS;P| 824 42. ON\% 55.8¢ 5.85 294  81.9t 0.1¢ 4.04

\

MS,P{ 811 4415 833 5136 254 2.0 > o0 18
3y . = =
Watercol 766 4647 680, 77.95 471 198 872, 01f 187

MP; 95.5 88.61 82.2 11.6¢ 7.81 3.41 81.2: 0.1¢ 15.19

The eight evaluation criteria mentioned previously were calculated for
each program. Following discussion will concentrate on the most
convenient criteria as followed:

1- Effect of maintenance programs on discharge criteria:
a. Distribution uniformity:

| MP2 Control
Oweekly applications Bi-weekly applications
B Monthly applications Season end applications

100

80

[

60

40

20

MS1P1 MS2P1 MS3P1

Fig.2.Effect of flushing programs on Distribution uniformity discharge criteria.
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Distribution uniformity increased, the highest value of DU% was after 21
times of lateral  weekly flushing for 5 minutes, which shows that
ordinary maintenance of flushing laterals a time each season end isn't
enough.

On the other hand, weekly application of continuous 10 min. flushing
(MS3P11) followed by weekly application of pulse flushing sub program
(MS;,P11) were the best applications that improve DU% Value to be
closer to the standard with 12.34%, and 8.699% more than the control,
after the two programs respectively. But this increment is not significant
statistically, so the weekly continuous flushing for 5 minutes (MS;P;1)
that is finally recommended.

The criteria DU% also is encouraging using the bi-weekly application of
continuous flushing for 10 minutes(MS3P12) as a proper maintenance
program because it is the only among the three submain programs that
achieved the lowest improvement mathematically 0.69%, but shows a
statistical significant difference towards MPy, at accuracy of both 0.01and
0.05.

DU% almost has almost equal values for MS;P14, MS;P14, and MS3P,4
which are less than MP, with 13.78, 14.49, and 14.38% respectively. That
indicates that this treatment is not enough to clean sediments or raise

lateral performance.
b. Emission uniformity:

B Emission uniformity (E) %
100
90
80 A
70 |
60 | k]
50
40 (A
30 | e
10 {8

}-&T,“.'

-
pada o)

$31L
L3

Eiatsered

i
11

P
d o

Fig.3: Effect of flushing programs on Emission uniformity discharge
criteria.
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Emission uniformity after the weekly application of continuous flushing
for 5 minutes program (MS;P11) was highly significant at accuracy of
0.01, and 0.05,

It is clear that, MS;P;,1 shows the highest increment for E%, as the gap
between control treatment and the standard new net work (MP,) was
14.2% .Then after MS;P;1 application the gap decreases to 11.177%.E%
for the monthly application of continuous flushing for 5 minutes program
(MS;P13) is less than the 10 minutes flushing at the same application
(MS3P13) with 1.13% only, both monthly applications differs than the
standard new net work (MP;) with 45.587%.So these applications were
not recommended.

Although E% for MS3P14 was the highest, but it is far from the optimum
with 42.129%, which reflects no effect on improving the network
performance sufficiently. Finally discharge criteria referred to the
programs MS;P;1, and MS3P;2 as the best weekly treatments.

2- Effect of maintenance programs on clogging criteria:

et ms2p11MS1P1L
WATER MS3P11

Control

Fig.4.Clogging ratios in weekly water flushing programs.

All applications except weekly application didn't show a significant
difference for clogging ratios. The results of weekly application presented
at fig. 4 showed that complete clogging decreased by both using pulse
maintenance in (MS,P;11), and more time of continuous maintenance in
(MS3P;1).For example the weekly application of pulse flushing (MS,P;1)
is highly significant higher than MP, with 15% for partial clogging. Also
(MS1P;2) results into the greatest decrease in CRc% with 5% closer to
(MP,).
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The high values of complete clogging after (MS;P;1), and partial
clogging after (MS3P;1) may be attributed to the increment of
precipitations of non soluble salts, which showed that 5 minutes flushing
IS not enough time in this case to remove precipitations totally from the
lateral.

3. Effect of maintenance programs on pressure criteria:

a. Pressure variation:

>
" e

= MP2,16.25 MSlP11,18. >
Ll

Fig.5. Effect of weekly water flushing programs pressure variation.

After (MS;P11) application Ah raises 3.75% more than the control as
shown in fig.5., that may due to sediments slow movement through the
lateral, which increase the clogging and so the pressure variation. On the
other hand both using pulse maintenance in (MS,P;1), and more time of
continuous maintenance in (MS3P;1) decrease Ah 1.25% and 3.75%
respectively.

Fig.6.Effect of bi-weekly water flushing programs on pressure
variation.
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Ap became lower in each time of end flushing, until the precipitations
stuck with the lateral walls began to solute. It became higher, then low
and high alternatively, but ends with reasonable difference close t010%.
Fig.6. pointed out that, every two weeks application programs are all simi
similar to each other, results are lower than the weekly treatments with
5%, 8%, for (MS;1P12) and (MS,P;2), but (MS3P12) gives the same result,
so two weeks application for this programs is not recommended.

Fig.7. Effect of monthly water flushing programs on pressure
variation.

Monthly application of (MS;P13) and (MS3P;3) results don't differ than
control significantly, added to that, their values were higher than the
control so they were excluded.Commenting on the pressure variation for
the sub programs of MP; when applied monthly, (MS,P;3) reduce Ah
1.25%.

MS1P14,13.7

S 5

MP2,16.25] R

/ £
I/ FANIRINIENINE NI I
I 58 N8 N8 &
Y wn

""’/,"/.”'/ HH MS2P14,11.2
| 5
I

i Control, 15

MS3P14,8.75

Fig.8. Effect of season end water flushing programs on pressure
variation.
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Season end application (MS;P;14) does not differ than the monthly
application (MS;P13).The reduction of Ah achieved by the monthly and
season end applications is non significant in improving the network
performance.
b. Pressure uniformity:
All the programs increase the pressure uniformity, but MS3;P;1 was the
best, as it achieved the most improvement 11.92% more than MP..It is
clear that (MS;P;2) is the best biweekly application as it is 10.9% more
than MP,.Sub programs of (MSP;4) are all excluded, because The values
of pressure uniformity (Up%) were not significantly different in the three
sub programs.
4.Relationship between maintenance systems and precipitations:
We can conclude that bi-weekly end flushing for 5 minutes continuously
(MS;P12) does not make difference, sediments accumulated again then
become lower again ended with higher quantity of sedimentation than the
first accumulation.
While weekly application of the same program (MS;P;11) shows an ideal
curve for reducing accumulated sediments in the laterals by time applying
a long-term continuous maintenance as the best way for improving the
network performance.

CONCLUSIONS
From this investigation the following conclusion can be made:

1- The maintenance programs for surface drip irrigation through
continuous flushing for 5 minutes (MS;P;) every week and every
two weeks were closer in terms of the performance parameters (E
%, CR, %).

2- Following the program of continuous flushing for 5 minutes every
two weeks (MS;P;:2) has an advantage over the program of
continuous flushing for 5 minutes every week (MS;Pi1) by
increasing the values of distribution uniformity for both discharge
and pressure (UP, DU%) to 13.09 and 4.12% respectively and
decreasing the percentage of partial clogging (CRp%) and total
clogging (CR:%) by 46.85 % and 44.8% compared to the control.

3- According to the mentioned evaluation parameters it could be
advised to follow the following flushing programs arranged
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according to priority as following: 5 minutes continuously each
two weeks (MS;P12) - 5 minutes continuously weekly (MS;P11)
- 10 minutes continuously weekly (MSsP11) - 5 minutes
intermittently weekly (MS,P11).

4- Flushing for 5 minutes each two weeks (MS;P12) was the closest
program to the standard performance of the new network as it
achieved distribution uniformity for both discharge and pressure
90% and 92.19% respectively, also AH along laterals equals
11.2%.

5- The highest value of DU% was achieved after 21 times of lateral
weekly flushing for 5 minutes, which shows that ordinary
maintenance of flushing laterals a time each season end isn't
enough.

6- Generally, when the periods of flushing become longer, the
performance of the network deteriorate significantly. In such case
the technical evaluation parameters decrease than the acceptable
limits and the percentages of complete and partial clogging ratios
increase. As the average values of some parameters were DU =
84.3%, E = 47%, CRc =55% , and CRp =29.78% when
maintenance was applied each month and each season end.

7- On the contrary when periods between flushing are shorter, a
significant improvement in the network performance was noticed
and lower values for emitters clogging percentages were achieved.
But this improvement is accompanied with increasing the number
of labor.hour required for maintenance process, and so the cost
and quantity of lost water from lateral ends.

8- Finally this study showed that the wrong maintenance application
by cultivators for surface drip irrigation systems, by flushing them
every long period of time to minimize the cost and quantity of lost
water, leads to decrease the systems performance significantly
besides the increment of emitters clogging percentages according
to evaluation parameters.
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