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EFFECTS OF FERTIGATION MANAGEMENT
ON EMISSION UNIFORMITY AND CLOGGING OF
ON-LINE EMITTERS
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ABSTRACT

A field experiment was conducted to study the effect of fertigation
components on emission uniformity and emitter clogging. The effects of
two types of emitters with two discharges (2 and 4 I/h normal emitters, 2
and 4 Lh™ Pressure compensated (Pc) emitters) and six fertilization
treatments (No fertilization as control, humic acid, ammonium nitrate,
ammonium sulfate, mix two of humic acid and ammonium nitrate and mix
two of humic acid and ammonium sulfate) were undertaken in this
experiment. For all fertilization treatments, the emission uniformity (EU
%) significantly decreased while emitters clogging ratio (CR %)
increased with increasing number of fertigations which where
periodically applied throughout the 180 days season. The 4 Lh*
discharge emitters resulted in less clogging than the 2 Lh™ emitters.
Clogging problems obtained with the Pc emitters was less than those of
normal emitters. The applied fertilization treatments increased the
clogging ratio at the end of the season compared with no fertilizer
treatments (Fo) under both types of emitters at both discharge rates of 2
and 4 Lh™.

Finally, the maximum clogging ratios i.e. 29.42% and 28.72% at the end
of 180days season were recorded for the plots received ammonium
sulphate (S) and humic acid+ ammonium sulphate (H+S) fertigation
respectively, up on using normal type emitters of 2 Lh™ discharge.
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INTRODUCTION

rip irrigation systems have many potential advantages when

compared with other irrigation methods, some of them are

related to low rates of water application high efficiency and
more water saving. One of the most important disadvantages of drip
irrigation is emitter clogging which is directly related to water quality
(physical, chemical or biological contaminants). In this regard, it is
essential to evaluate water supply quality for design and maintenance of
micro irrigation.
Zhu et al., (2005) reported that emitter clogging was one of the key
factors that determine whether drip irrigation systems can succeed.
Distribution uniformity of irrigation water is critical for uniform fertilizer
application. Adin (1987) found that the emitter clogging may be due to
physical, chemical and biological factors. De Troch (1988) showed that
two or more of these clogging reasons may occur at the same time.
Emitter clogging may be due their extreme small passages of water and
low flow rate (Dasberg and Bresler1986). Hebbar et al. (2004) found
that normal fertilizers generally tend to clog the emitter.
Ravina et al. (1997) stated that, more clogging emitters were found at the
end of the drip laterals than at the beginning probably due pressure head
loss.
Bozkurt and Zekiei (2006) showed that different fertilizer treatments
have significant effect on emitter clogging. Fertilizers containing both
Ca®* and So,%caused higher clogging compared with the other elements.
Chang (2008) reported that as water flow in irrigation system slows down
and/or the chemical background of the water changes, chemical
precipitates and/or microbial flocks and slimes begin to form and grow,
thus emitter clogging occurs.
The main objective of this work was to investigate the effect of fertigation
components and emitter type on emitter clogging and Emission
Uniformity.

MATERIALS AND METHODS
A field experiment was carried out at the farm of Soils and Water
Research Department, Nuclear Research Center, Atomic Energy
Authority, Inshas, Egypt. Soil physical and chemical analysis indicated
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that soil texture of the experimental area was sand with pH of 7.97,
organic matter of 0.3 gkg®, CaCO3 of 10 gkg™, and C: N ratio of 34.3.
Properties of irrigation water could be summarized in table (1).

Table 1. Some properties of the irrigation water.

cC Soluble ions mmol, L™
H SAR Cations Anions
PP ds/m
Mg® | Ca®* | K* | Na" | Hcos | SO | CL
7.53 0.38 2.8 051 | 132 | 022 | 213 | 033 | 154 | 2.31

The experiment Layout:

The experiment layout consisted of electrical centrifugal pumping unit of
18 m*h discharge under 2 bar operating pressure, lifting the water from
an open channel and deliver it to a 50 mm diameter PE main pipe through
a control head involving media and screen filters, 3/4 inch venturi
fertilizer injector, valves and pressure gauges. Four drip irrigation plots
with 16 mm diameter PE laterals will serve as four different irrigation
(emitters) treatments. Each plot included 18 laterals of 20m length and 0.5
m spacing between laterals. Each lateral have on- line emitters at 0.5m
apart along the lateral line. Inside each plot the 18 laterals were used to
apply the arrangement of 6 fertilizer treatments with three replicates, with
the same arrangements as shown in (figure 1).

The fertilizer rates of nitrogen and humic acid were100 and 0.5kgfed™,
respectively as recommended by Ministry of Agriculture and Land
Reclamation. No crops were grown in the field during the study but the
fertilizer and water requirements for garlic crop were applied throughout
the estimated growing season.

The amounts of fertilizers were divided into 3 doses and each dose was
injected in 2 hours during 50% of the irrigation time throughout the
growing season the three doses were applied at three equal intervals. The
injection rate was 180 I/h in irrigation flow rate of 323.098 I/h .So, the
nitrogen fertilizer concentration in the irrigation water alone and mixed
with humic acid were 220.458 and 110.229

mg L " respectively.

Misr J. Ag. Eng., January 2017 -125 -



IRRIGATION AND DRAINAGE

ol {ZLIN]

i

HIH{HE WO mseEE H W PG o W

oi (AL}

iz

[r T T e T

[T ELNLY]
el H H Pl B H Mygp@idi AH HF

pI{ALiE]

i

HolM{HE W W Eeb SR HOH FogaiEH H A

1-water inlet valve 2inch 2-water counter 3- Pressure gauge

4- Valve 3/4inch (fertilizer inlet)  5- Venture 3/4inch 6- Valve 3/4inch (fertilizer
outlet) 7- Pressure gauge 8- main line 50 mm 9- valve 16 mm
10- lateral line 16 mm 11- D, (21/h) 12-D; (41/h) 13- D, (21/h) 14- D, (4 I/h)

Fig.1: The experimental layout
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Main treatments: The main treatments included four irrigation
treatments i.e. two types of emitters with two discharge rates as follows:
(1) Normal emitters (D;)

- 2 Lh™ discharge (Di1qy

-4 Lh™ discharge (D1qs)
(2) Pressure compensated emitters

- 2 Lh discharge (D,0.)

- 4 Lh™ discharge (D,05)
Sub- treatments:
There were six treatments of fertilizer: 1) non fertilizer as control (F,); 2)
humic acid (H); 3) ammonium nitrate (N); 4) ammonium sulphate (S); 5)
%50 humic acid + %50 ammonium nitrate (HN) and 6) %50 humic acid
+ %50 ammonium sulphate (HS).
Emission Uniformity (EU)
To estimate the emitter flow rate, catch cans and a stopwatch were used.
EU was determined as a function of the relation between average flow
emitted by the 25% of the emitters with lowest flow (qiq) and the mean
flow emitted by all the control emitters (ga). The emission uniformity
coefficient (Eu) was computed using Capra and Tamburino (1995)
equation:

_ Y
da

Eu x 100

Emitters clogging

Emitters from each lateral had been chosen to be evaluated by calculating
their clogging ratio at the beginning and at the end of the growing season.
Clogging ratio was calculated according to EI-Berry et al. (2003) using
the following equations:

E=% 100
dn

CR = (1— E) %100

where:
E = the emitter discharge efficiency, (%)
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qu = average emitter discharge, at the end of the growing season (Lh™)
gn = average emitter discharge, at the beginning of the growing season

(Lh™)
CR = the emitter clogging ratio, (%)
Statistical Analysis: All data collected were statistically analyzed as a
plot design with nine replications using analysis of variance to evaluate
main and interaction effects as described by (Snedcor and Cochran
(1982). Means among treatments were compared using Least Significant
Difference (LSD) at P 0.05 probability.

RESULTS AND DISCUSSION

1-Emission uniformity (EU %)
1-1Effect of emitter type on EU
Fig (2) reveals that the emission uniformity (EU %) determined at the
beginning of the experiments were 90.94%, 95.16%, 97.91% and 98.05%
for no fertilizer treatment (Fo) at (Di01), (D102), (D2q1), and (D20_2)
respectively. At the end of the season the above EU percentages were
84.62, 90.14, 92.90and 94.6Y respectively. So, the EU for pressure
compensated emitters was slightly reduced, while in normal emitters EU
decreased significantly by the end of the season. Larger discharge
emitters (4 Lh™) show better EU than low discharge emitters (2 Lh™).
1-2 Effect of fertigation components on EU
The obtained data, for one growing season, indicated that the effect of
fertilizers treatments on EU, can be summarized in average of all types of
emitters as: 92.55%, 89.96%, 91.23%, 89.000%, 90.29%, 89.54% for the
fertilizer treatments of: Fo, H, N, S, H+N, and H+S, respectively. It could
be concluded that using humic fertilizer either separately or mixed with
ammonium nitrate or sulfate reduced EU by about 3.55% compared with
the no fertilizers treatment.
1-3 The interaction effect of fertigation components and emitter type

on emission uniformity EU
The interaction effect of emitter type and fertigation components on EU,
shows that , at the end of season, (after 180 days) the maximum values of
average EU were 95.99% and 95.53%under D,(, with the treatments of
(Fo) no fertilizer and (N) ammonium nitrate ,respectively ,while the
minimum values of average EU were 84.58, 84.92 % and 85.31% as
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observed under normal emitters low discharge drippers (Diq:) with
ammonium sulfate, (S), humic + ammonium sulfate (H+S) and humic (H)
fertilizer treatments, respectively.
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Fig (2): Emission Uniformity (EU) % for normal and pressure compensated (pc)
drippers of 2I Lh™ and Lh™ discharge with different fertilizer treatments.
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2- Clogging ratio of Emitters (CR %)

2-1 Effect of emitter type on (CR%)

Data of clogging ratio of emitters are given in Figs. (3, 4, 5 and 6) as
affected by emitter type and discharge. The obtained data show that the
normal emitters (D) with 2 Lh™ discharge (q;) increased significantly the
clogging percent under all fertilizer treatments compared with the larger
discharge (4 Lh™) for the same emitter type (Dig2). The Pressure
Compensated Emitters (D) of both 2 Lhand 4 Lh™ discharge resulted in
less clogging ratio than normal emitters. In general, differences in
clogging percent among the emitters used were significant at 5% level.
2-2 Effect of fertigation components on (CR%o)

Data of clogging ratio of emitters as given in Figs. (3, 4, 5 and 6) show
that, the highest and lowest at clogging ratios were 21.91% and 7.93%
recorded with the treatments of (S) and (Fo) under the irrigation
treatments D;q; and D,(qy, respectively.

30% -
25% -
20% -
15% -

10% -

Clogging ratio, CR %

5% -

0%
1 day 21 day 36 day 66 day 180 day

Fertigation Time , day

Fig. (3): Effect of fertilizers components on clogging ratio (CR %) of 2 Lh™
normal emitters during 6 months fertigation.
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Fig. (4): Effect of fertilizers components on clogging ratio (CR %) of 4 Lh™
normal emitters during 6 months fertigation.
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Fig. (5): Effect of fertilizers components on clogging ratio (CR %) of 2 Lh™ pc
emitters during 6 months fertigation.
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Fig. (6): Effect of fertilizers components on clogging ratio (CR %) of 4 Lh™ pc
emitters during 6 months fertigation.

Furthermore, emitters clogging significantly increased due to application
of humic acid and different nitrogen fertilizer sources applied with
irrigation water, It could be seen that the highest values of average
clogging ratios were 14.98, 20.10, 17.14, 21.91, 18.34 and 21.24 % with
Fo, H, N, S, H+N and H+S, respectively, at 2 L h™* emitter discharge for
normal emitter type, while, the least values of the average clogging ratios
were 7.93, 13.49, 11.44, 16.46, 12.70 and 14.52 % with Fo, H, N, S, H+N
and H+S, respectively, at 4 Lh™ emitter discharge for pressure
compensated emitter type.

The increase in emitters clogging percent may be attributed to the
precipitating effect of SO, in the applied ammonium sulfate fertilizer on
both Ca " and Mg** found in irrigation water within the emitters narrow
opening after water evaporation. Also Iron reaction with humic organic
complexing agents are also important in emitters clogging with drip irrigation
system, the complexes formed between iron and tannins or humates are more
stable at high pH than at lower pH levels, because acids decrease pH and
increasing availability of micro elements Fe,Mn,Zn, Cu. The results
obtained agree well with those of PIPARS (2009).
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2-3  Effect of time on (CR%)

Following up the changes of emitters clogging with time intervals up to
180days as illustrated in Figs. (3, 4, 5and 6) indicates significant increase
with time. In this respect, emitters clogging tended to increase with time
up to 180 days with all treatments. The clogging ratios with time intervals
could be ranked as following: 180 days > 66 days > 36 days > 21 days > 1
days.

3- Effect of interaction between emitters’ types and fertigation

components on (CR%)
The least emitters clogging percent was detected with 21 days and the
highest one with 180 days as revealed by the treatment D;g:. The
maximum average clogging value (25.45%) occurred at the end of the
season with the normal dripper of 2 Lh™ discharge (Diqiy and the
minimum average value (8.30%) was found with 4 Lh™ pc emitters
(D202), respectively.
Difference in clogging percent between any two factor i.e. Normal and
Pressure Compensated (pc) drippers of 2 Lh™ and 4 Lh™ discharge with
different fertilizer treatments were significant at the 5% level. The effect
of fertilizer components of the applied fertilization treatments increased
the clogging ratio by different degrees especially at the end of the season
with the low discharge normal emitters (D1q;) compared with no fertilizer
(Fo) and PC emitters.

CONCLUSION

In this study, emission uniformity (EU%) was significantly decreased due
to the different nitrogen fertilizers with irrigation water during periods of
days beginning from first day up to 180days. The maximum values of
average EU % were 95.99, and 95.53 respectively at D,g, x Fo, and D,q2
x N .The minimum values of average EU % were 84.58, 84.92 and 85.31
respectively at D1q; x S, D101 X H+S and D1q; X H, respectively.
Based on the results, emitters clogging percent was lowest (8.30%) with
21 days and the highest (25.45%) was obtained at 180 days under
treatment of D;xq;.The main effects of treatments used on clogging
percent could be arranged in the following ascending order: D,(g, < D,01
<D102 < Dqz .
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