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Table 1- Characteristics of the system components
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Table 2- Some quality parameters of applied water

L yeuils B you EC pH
(meq/L) Cations Anions (meq/L) (dS/m)
Na* K* Mg?  Ca® SO.> CO;> HCOy CrI
0.173 0.0025 1.66 2.6 0 1.57 4.67 1.215 6.64

G 4 03wl 390 o andS O gan 9 pandS L0 S Cgany IS0l =Y Joos
Table 3- The possibility of precipitation of calcium carbonate and calcium sulfate in applied water

Caw) oSl
pH, pHe LSI S0 ; Ca?* ; [Caz*;] [28042:5] Possibility of precipitation
(mol/)*10 (mol/1)*10 (mol”/1°)*10 jodS S S ol 8 gow
Calcium carbonate Calcium sulfate
6.64 7.68 -1.05 7.68 5.2 3.99 "'M W
Negative Positive
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Table 4- Analysis of variance results for the effects of fertigation on the discharge, distribution uniformity and
ChristiansenJs coefficient of uniformity reduction, and discharge’ coefficient of variation increase.

> iRl Wiy GEIPSy ialS Ol ) G pd RAET (> Ol o 1331
discharge Efficiency Distribution Christiansen’s uniformity coefficient of variations
reduction uniformity coefficient of discharge
5 2l df Ol o (ke
Sources of Mean Squared
change
oo ks 2 245053 249.927" 119.278" 865.012"
(Emitter)
> 2 536.439" 2304.585" 845.036" 1439.998"
(Fertilizer)
358% S0 lab
(Emitterx 4 29.813" 5.538" 3.947" 118.817"
Fertilizer)
ks
18 0.211 0.209 0.261 0.349
(Error)
Variation
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** Significant at 1% probability level
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Table 5- Means comparison of discharge reduction and discharge’ coefficient of variation increase under either fertilizer or
emitter treatments

Ol 0 a3 Ol o 138
Jogi ‘{ga ols o Jogi ‘5.3.: ol 0
Treatment Dlscl.largg Discharge’ coefficient Treatment Dlscl.largg Discharge’ coefficient
reduction (%)  of variations increase reduction (%)  of yariations increase
(%) (%)
A 9&?”]“3 25.94¢ 27.14b aald 21.50¢ 20.51c
(Emitter A) (Control)
Sgelcl i
B - ao Lad (Bt aliat¥ed
5o,k 35.57a 44.07 (Ammoniu 30.94b 31.98b
(Emitter B) .
m nitrate)
58 0,la8 I
€ olgoas 28.17b 27.04 »? 36.80a 45.77a
Emitter C Urea
LSD %5 0.45 0.59 LSD %5 0.45 0.59
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Numbers with the same letters in each column are not significantly different according to duncan's multiple range test at 5% level.
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Table 6- Means comparison of interaction between emitter X fertilizer treatments

A-F0 A-F, A-F2 B-F0 B-F1 B-F2 C-F0 C-F1 C-F2
& piels Loy
(Percent of discharge ~ 18.34h  24.20f  33.94c  23.96f  38.71b  44.04a  2220g 2991l  32.42d
reduction)
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Numbers with the same letters are not significantly different, according to duncan's multiple range test at 5% level.
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Table 7- The reduction percentages of discharge, distribution uniformity and Christiansen’s coefficient of uniformity and
increase percentage of discharge coefficient of variation for fertigation treatments at the end of the experiment
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° uniformity (%) of uniformity (%) variation (%)

A 18.34 18.59 11.37 19.90

FO B 23.96 26.41 15.23 24.60

C 22.20 16.31 9.64 17.03

A 24.20 39.85 23.13 20.46

F1 B 38.71 46.50 28.82 48.71

C 2991 36.46 21.57 26.78

A 33.94 47.93 28.10 41.08

F2 B 44.04 58.54 36.25 58.92

C 32.42 49.45 29.16 37.32
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Figure 1- The effect of different fertilizer treatments on ChristiansenJs coefficient of uniformity for emitters A, B and C
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Figure 3-The effect of different fertigation treatments on discharge ‘coefficient of variation for emitters A, B and C
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Introduction: An appropriate water resources management and planning is necessary due to the scarcity of
water resources and rapidly growing world population. In this regard, selecting appropriate methods for
irrigation is one of the most important issues. Drip irrigation is a recent advanced irrigation method in which
fertilizers can be efficiently applied along with irrigation water. Drip fertigation, however, can potentially cause
clogging of emitters. Various factors such as clogging increase manufactures’ coefficient of variation and water
temperature and pressure changes could alter emitter discharge and water distribution uniformity. The aim of this
study is to evaluate the effect of fertigation on clogging of emitters and the performance of drip irrigation
systems.

Materials and Methods: This study was performed as a laboratory experiment at the University of Zabol.
The experiment was done in the form of factorial in a completely randomized design with three replications in
the hydraulics laboratory, the University of Zabol. The first factor was fertilizer type including: FO (control), F1
(ammonium nitrate) and F2 (urea) and the second factor was the emitter types including one-nozzle on line (A),
six-nozzles in line (B) and eight-nozzles on line (C). The tap water was used for irrigation. The system included
9 laterals, 3 m each with 18 emitters on each lateral. Fertilizer solution with known concentrations of 0.08 grams
per liter was entered into the system from a plastic tank. Fertilizer tank was covered to avoid water evaporation
even in a small amount. The experiment lasted for 60 days with 12 operating hours per day. The emitter
discharge was measured every three days at the end of day. In order to evaluate the degree of emitter clogging,
the percentages of discharge reduction (Qt), Christiansen’s coefficient of uniformity (CU), distribution
uniformity (DU) and discharge coefficient of variations (Vm) were calculated as follows:

Q= (=) x 100 (1)
ML

=100 [1— ()3 |q, -
cu = 100 % [1- () Zxalg - . @
DU = 160 — 1L59(100 — CU) &)
\(} _ Sm
m qa (4)

where q,, qn, and q; are the average, primary and secondary emitter discharges (L/hrs), respectively, q; is the
individual emitter discharge (L/hrs), Sy, is the standard deviation of discharge (L/hrs) and n is the number of
measurements.

Results and Discussion: The results indicated that both fertilizer and emitter type have significant effect on
reduction of emitter discharge and distribution uniformity as well as on increase of emitter coefficient of
variation. The Duncan test for comparing means showed that the A type emitters had the highest clogging while
the B type emitters had the lowest clogging. The percentages of discharge reduction for emitters A, B and C
were about 18, 24 and 22, respectively, for treatment FO (control); 24, 39 and 30 for treatment F1; and 34, 44 and
32 for treatment F2. The results indicated that the emitter clogging increases with altering fertilizer from FO to
F2. F2 (urea fertilizer) had the worse effect on emitter clogging than F1 (ammonium nitrate fertilizer) which
could be due to more nitrate produced by urea fertilizer. Also, the results showed that the emitter clogging and
discharge coefficient of variation are increased by increasing the elapsed time. Urea and ammonium nitrate
fertilizers are hydrolyzed in water and partly converted to nitrate, which is consumed by algae and other
microorganisms causing slime accumulation. Bacterial slimes can be a direct cause of clogging for emitters.

Conclusion: According to the results, both fertilizer and emitter types may significantly change the hydraulic
properties of emitters. The smallest clogging belonged to emitter of type A when fertilizer FO was applied as it
results in discharge reduction of 18.44%. The largest clogging belonged to emitter of type B when fertilizer F2
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was applied (discharge reduction was about 44%). In general, it could be said that fertigation may influence
emitter discharge depending on fertilizer treatments (e.g. fertilizer type and concentration), water properties and
emitter type. The clogging problems must be attended more specifically as it may reduce farmers’ willingness
for drip irrigation implementation and makes them do surface irrigation which may result in more water losses.
This study showed that the quality of water used in drip fertigation increases the clogging made by fertilizer
application. So, the quality of irrigation water should be investigated every few days. The use of nitrogen

fertilizer may cause biological clogging of emitters, so when such fertilizer are used, the type of emitter should
be considered.

Keywords: Clogging, Discharge coefficient of variation, Distribution uniformity, Drip fertigation, Emitter



