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ABSTRACT

Since clogging of emitters is directly related to the quality of irrigation water, current
assay quantifies possible discharge disorders in drips to which potassium chloride
(white and red), soluble iron, suspended solids (soil particles) and water with organic
matter (phytoplankton and algae) were applied. Assay was conducted at the Irrigation
Laboratory of the Department of Biosystem Engineering of the Escola Superior de
Agricultura “Luiz de Queiroz” — ESALQ/USP, and analyzed the performance of 21 drip
tubes models, with four treatments and ten replications. Each replication was
represented by a dripper. The addition of red potassium chloride and water with organic
matter did not cause greater clogging rates. Model C7 had the best performance among
the conventional models. C5 and C6 were the conventional models most prone to
clogging, with high clogging rates. Model A9 had the best performance, whereas model
A4 the highest clogging trend.

Keywords: water quality, clogging, fertigation

EFEITO DA APLICACAO DE CLORETO DE POTASSIO, PARTICULAS DE
SOLO E FERRO SOLUVEL NA VAZAO DE GOTEJADORES

RESUMO

A obstrucao de emissores estd diretamente relacionada a qualidade da dgua de irrigacao,
assim objetivou-se quantificar possiveis disturbios de vazao em gotejadores submetidos
a aplicacdo de cloreto de potéassio (branco e vermelho), ferro solavel, solidos em
suspensao (particulas de solo) e 4gua contendo material organico (fitoplancton/algas). O
experimento foi realizado no Laboratério de Irrigagdo do Departamento de Engenharia
de Biossistemas da Escola Superior de Agricultura “Luiz de Queiroz” — ESALQ/USP,
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analisando o desempenho de 21 modelos de tubos gotejadores, com quatro tratamentos
e dez repeticdes, sendo cada repeticdo representada por um gotejador. A adicao de
cloreto de potassio vermelho ndo resultou em maior entupimento, assim como a adi¢ao
de 4agua com presenga de matéria organica. O modelo C7 foi o que apresentou melhor
desempenho entre os modelos convencionais. Os modelos convencionais mais
suscetiveis ao entupimento foram os C5 e C6, com valores expressivos de entupimento.
O modelo A9 foi o que apresentou melhor desempenho, enquanto o modelo A4

apresentou alta suscetibilidade ao entupimento.

Palavras-chave: qualidade de agua, entupimento de gotejadores, fertirrigagao.

INTRODUCTION

Localized irrigation is a method by
which water is applied directly to the plant’s
root region, with small intensity and high
frequency, to maintain wetness close to ideal
level or field capacity (Bernardo et al., 2006).
This type of irrigation has been recently the
most developed method recently due to its
rational manner in water saving, production
increase and the best agricultural quality.

The maintenance of high uniform water
application and distribution in drip irrigation
systems is highly important for efficient
irrigation and, consequently, for a better
exploration of water resources and costs
reduction. According to Coelho (2007), several
factors affect the uniform distribution of water
in localized irrigation systems, which may
include pressure of emitter, speed of water in
the tubes, aligning of the lateral line, clogging

of the emitters and others.

The clogging of the emitters is directly
related to irrigation water quality and thus
suspended solids, chemical composition and
microbiological activity make mandatory water
treatment for the prevention of obstructions
(Carvalho, 2009). Clogging decreases the
uniformity of emission (UE) and an increase in
discharge coefficient of variation (CD) coupled
to a significant decrease of uniformity in water
distribution throughout the lateral lines (Cararo
et al., 2006).

Ribeiro et al. (2010) report that changes
in the discharge coefficient of variation are
related to the obstruction process mainly caused
by water quality used in irrigation. In fact, the
problem does not affect equally all the drips
throughout the lateral line since it is also
dependent on the coefficient of manufacture
variation.

Barros et al. (2009) registered that
clogging caused by chemical precipitations

occur gradually and are difficult to pinpoint.
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Obstructions by suspended material (solid
particles) may be removed easily since a good
filtering system may reduce significantly the
problem (Souza et al., 2000).

Current assay quantifies possible
discharge disorders in drippers to which
potassium chloride (white and red), soluble iron,
suspended solids (soil particles) and water with
organic matter (phytoplankton/algae) were
applied, to characterize whether the use of red
potassium chloride provides a higher possibility
of clogging and whether it may be

recommended for fertirrigation.

MATERIALS AND METHODS

Current essay was conducted at the
Irrigation  Laboratory of the Biosystem
Engineering Department of the Escola Superior
de Agricultura “Luiz de Queiroz” —
ESALQ/USP. Experiments comprised metal
structures, 11.0 m long by 4.0 m wide by 5.80 m
high, consisting of four experimental modules.
Twenty-one drip tubes with four lateral lines per
model were employed. Drip tubes were in good
condition (mean discharge close to nominal rate
and low rates of coefficient variations of
discharge), to which were applied the following
treatments: (T1) water rich in phytoplankton

(0.8 m®) + white potassium chloride + 1 kg of

clayey soil; (T2) water rich in phytoplankton
(0.8 m’) + red potassium chloride + 1 kg of
clayey soil; (T3) drinkable water + white
potassium chloride; (T4) drinkable water + red
potassium chloride + 3 ppm total iron (iron
sulfate pentahydrate). Four treatments with ten
replications were employed; each replication
was represented by a dripper.

The methodology complies with
research by Ribeiro et al. (2010) and Ribeiro et
al. (2012), and current assay is a section of the
research by the above mentioned author.

The potassium chloride solution was
based on salinity level as a criterion, with
electrical conductivity equal to 2.5 dS m™. A
laboratory test was performed to determine the
quantity of the commercial product to be added
to the reservoir with 0.8 m® of water (RIBEIRO
et al., 2010).

The use of water rich in organic matter
(phytoplankton) in the treatments with water
from the treatment station of ESALQ/USP was
due to the inferior quality of the water and thus
the possibility of verifying the potential risk of
drip clogging.

The experiment lasted 288 h with the
application of each treatment. Applications were
divided into cycles. Each cycle comprised 12
hours of continuous application and 36 hours of
rest between each application. Every 48 hours
formed a cycle and drip discharge was evaluated
at the end of the 13-day application stage.

Maintenance of the system (cleaning of the filter
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and reservoirs) and renewal of solutions
occurred on the 14" day.
Table 1 shows the technical characteristics

of the models of the drip tubes under analysis.

Table 1. Technical characteristics of drip tube
models according to manufacturers: nominal
discharge (L h™), internal diameter (mm) and
operation band (kPa)

= = Té g‘) =8 § -
2 5 . EE §2 g5
S S [} ° 2 = .8 a2
=) & 3 Z 5 = o
= 2 p=
Q <
= =
Lh! Mm kPa
Al Netafim Ram 1,6 16 50 - 400
A2 Netafim Ram 2,2 16 50 —400
A3 Netafim Uniram 1,6 16 50 - 400
A4 Netafim Dripnet PC 1,6 16 50— 400
Cl Netafim Tiran 22 16 100 — 300
C2  Netafim Super 2,0 16 50 — 200
Typhoon
A5 Toro Ag Drip In PC 2,5 17 100 - 350
A6 Plastro Hydro PC 2,2 17 80 — 350
A7 Plastro Hydro PC 2,35 16 80 — 350
Nd
€3 Plastro Hydro 2,0 16 100250
Drip
A8 Naan Naan PC 2,1 16 100 — 350
A9 Naan Naan PC 3.8 16 50 -300
C4 Naan Naan Paz 1,7 17 100 — 300
C5 Naan Naan Tif 1,0 16 100 — 300
C6 Amanco Amancodrip 23 17 100 —250
Cc7 Petroisa Petro drip 1,5 16 75-200
C8 Azud Azud Line 1,4 17 100 — 350
C9 Carborundum Carbodrip 2,3 17 100 — 300
Al10 Trrimon Twin Plus 1,8 17,5 100 — 350
All Irrimon Vip Line 3,6 16 100 - 350
. Irridrip
Al2 Irrimon 2,5 16 100 — 350
Plus

Spacing between drippers, discharge and
other technical characteristics were maintained
according to commercial availability and
changes in the original spacing of each drip tube
was avoided. According to Teixeira et al.
(2010), the maintenance of the manufacturers’
characteristics is relevant to decrease errors and
represent better the true conditions of the
irrigation system on the field.

Since there is no specific norm for assays
with drip clogging, such as the technical norms
of ISO, ASAE and ABNT, the models of drip
tubes in the assay received a code replacing
their  trademark to avoid commercial
competition. Models were randomly coded by
numbers (Al= auto-compensating dripper
model X and C1 = conventional drip model Y)
with no relationship with the name of the
products given in Table 1.

Pressure system comprised two centrifuge
motor pumps KSB model Hydrobloc C 750.
Each motor pump set was specifically used for
the application of a determined quality of water.
Pump functioning, including start and end of
each application cycle, was undertaken
manually with a timetable for the start, duration
of the application and discharge assay. A 120-
mesh Amiad disc filter with a capacity for 15 m’
h' discharge was employed so that suspended
particles larger than the diameter of the emitters
would not enter the system.

A pressure gauge was placed at the

entrance of each level to adjust pressure at the
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start of each drip tube during the discharge
assays. It was adjusted to the former when
required. A digital manometer ranging between
0 — 700 kPa was employed to measure and
monitor pressure.

Application of solutions comprised a close
system, or rather, a recycled process of the
solution, for which a system of receiving the
drip solution was installed. The receiving
system was composed of two sets of zinc roof
tiles placed below the tubes at 3% inclination
which led the drip solution to a zinc trough in
the center of the module. The solution returned
from the trough to its respective receiving box
by a set of 0.1 diameter PVC tubes. Further,
frills at the edges of the roof tiles at 0.3 m high
and plastic curtains were installed to avoid loss
of the solution by drippings caused by the
impact of drops on the roof tile surface.

Discharge procedure comprised pressuri-
zation of the system, pressure stabilization at
150 kPa (+/- 5 kPa) at the start of the line,
positioning of collectors under their respective
drippers with a three-second delay and removal
of the collectors in the same sequence and time
delay after a five-minute collection. A gravi-
tometer was employed for greater precision to
determine the collected volume of each dripper.
Discharge rates were given in L h™' and a
certified 0.01 g precision scale (OHAUS) was

used.

Comparison of treatment was performed
by monitoring the dripper discharge (L h™), by
discharge coefficient of variation (%), uni-
formity of distribution (%) and clogging rate
(%), calculated respectively by Equations (1),
(2), (3) and (4).

P
=60 (1)
1000 t y

q
where
q — discharge of the dripper employed, L h!
P — weight of collected water, g
t — time of collection, min
v — specific weight of water used in the assay

(mean rate for conversion of water to 25 °C was

0.997)

S
CV, :(_1—100 )

where:
CV, — coefficient of discharge variation, %
S — standard deviation of dripper discharge, Lh™'

q — mean discharge of used drippers, L h’!

3)

UD =322 100
q

where:

UD — uniformity of water distribution, %
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Q2s% - mean discharge of % of the lowest

discharge rates, L h™.

GE= 1—2"&’ 100 @)

where:
GE - clogging rate, %
(new -mean discharge of new dripper tubes, Lh™.

Jused -mean discharge of used dripper tubes,Lh'l.

RESULTS AND DISCUSSION

Models C1, C2 and C6 had the lowest
clogging rates for all treatments, excepting
treatment T1 of model C2 with discharge
decrease by 2.5%. However, they were the only
dripper models with no discharge reduction for
treatments T1 and T2. On the other hand,
models C3 and C4 had discharge reduction in
all treatments. Models C5 and C7 were clogged
with discharge reduction in treatments T1 and
T2, by a difference of 30.3 and 10.3% for model
CS5 and of 60.7 and 24.1% for model C7.
Discharge recovery occurred in treatments T3
and T4 when compared with final rates of the
first phase, with 2 and 3.2 % for model C5 and
1.3 and 0.8 % for model C7 respectively in
treatments T3 and T4 (Table 2).

Table 2. Discharge coefficient of variation (CV,
%) and uniformity in water distribution (UD%)
for drippers C models after 288 h irrigation

Treatments RLef CV (%) RLef UD (%)
Hours — 0 72 144 216 288 0 72 144 216 288
Model C1
Tl 1.8 94 112 10.1 8.2 98.6 889 87.0 875 889
T2 1.5 4.0 4.0 2.7 23 98.2 958 952 970 973
T3 2.5 7.0 7.0 5.9 5.5 97.6 932 926 934 933
T4 5.4 7.5 83 14.7 7.9 96.3 90.6  90.7 884 91.6
Model C2
Tl 1.9 1.8 1.9 1.9 2.5 97.7 98.0 976 97.8 97.0
T2 3.7 2.1 2.7 2.0 2.7 95.8 979 975 9718 975
T3 1.5 4.1 5.1 4.8 5.5 98.2 954 944 945 935
T4 3.4 3.6 39 3.0 3.9 96.5 955 953 964 952
Model C3
T1 3.1 2.7 2.5 2.7 2.8 96.5 972  97.1 96.9 973
T2 6.2 3.6 35 4.7 4.1 924 96.7 964 964  96.0
T3 2.2 6.1 3.1 5.7 43 98.7 934 977 933 963
T4 3.5 3.4 2.9 2.8 2.7 95.5 958 964 967  96.5
Model C4
T1 1.0 82 102 114 26.6 98.9 89.6 872 86.6 746
T2 1.6 3.8 3.7 33 3.1 98.2 96.0 96.0 965 96.8
T3 22 404 333 40.6 383 97.9 52.1 613 552 463
T4 1.3 124 185 11.7 13.7 98.5 888 80.6 883  87.0
Model C5
Tl 3.4 66.4 623 594 440 95.9 189 239 247 471
T2 16.5 159.9 1579 1548 159.7 89.3 0.0 0.0 1.3 0.0
T3 4.7 1023 93.6 1356 1165 953 0.1 0.2 0.4 0.0
T4 6.4 51.1 469 69.6  86.9 93.1 434 525 242 10.9
Model C6
Tl 53 512 495 483 458 95.0 475 448 508 529
T2 4.5 27.1  18.6 13.5 16.7 95.4 758 80.8 86.6 815
T3 3.4 16.0 124 14.8 15.9 95.9 816 842 829 815
T4 42 151 127 13.6 7.1 96.1 81.4 843 820 922
Model C7
Tl 5.8 62 74 6.8 6.2 943 93.6 932 939 942
T2 3.9 3.0 35 33 3.0 96.0 97.0 959 965 96.7
T3 6.7 72 69 6.3 7.1 93.8 932 939 947 925
T4 4.0 47 39 7.1 4.4 96.3 948 954 929 955

* L Ref: reference discharge

Discharge coefficient of variation rates for
models C2, C3 and C7 were below 7% after 288
h irrigation. Performance classification ranged
between excellent and average (ASAE, 2008).
Consequently, models C1, C2, C3 and C7 had
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CV below 10% (MERRIAM & KELLER, 1978)
for all treatments, with the best performance.
Table 2 shows that the models had a slight
percentage decrease in water distribution
uniformity due to the occurrence of partial
clogging. They may be classified as excellent,
following  uniformity  classification by
SOLOMON (1979).

As a rule, models C1 and C2 had a mean
performance with clogging rates between 8.5 %
and 14.7 % for most treatments. Treatments T1
and T2 provided low clogging rates with 3.2 and
1.3 % for their respective treatments (Table 2).

Table 2 shows that models C5 and C6 had
the worst performance with high clogging rates,
or rather, above 20 %, reaching 77 % of
discharge decrease. The exceptions were
treatment T2 of model C5 with 82 % of
discharge reduction and treatment T4 of model
C6 with 13.5 %.

Discharge coefficient of variation of
models C5 and C6 ranged between 13.7 and
159.7% after 288 hours of functioning of the
system. Performance ranged from poor to
unacceptable,  according to  uniformity
classification by SOLOMON (1979).

When rates of water distribution
uniformity are taken into account, models C5
had the highest clogging trend with UD (%)
lower than 52%, or rather, with a performance
ranging between bad and unacceptable,
according to classification by Mantovani
(2001). Model C8 had a higher than 38%
discharge decrease for all treatments, with the
extreme condition in which uniformity rates of
water distribution were equal to zero. In other
words, at least 25% out of the emitters evaluated
had 100% clogging.

Tables 3a and 3b show coefficient of
variation discharge rates (CV, %) and water
uniformity distribution (UD %) of models Al to
Al4.

Table 3a. Discharge coefficient variation
(CV%) and water uniformity distribution
(UD%) of auto-compensating dripper tubes A1l -
A9 after 288 hours of irrigation

Treatments L Ref CV (%) L Ref UD (%)
Hours— 0 72 144 216 288 0 72 144 216 288
Model Al
Tl 33 5.4 52 9.8 7.6 96.0 941 943 882 926
T2 2.7 44 47 32 32 97.8 953 946 96.0 965
T3 6.1 5.3 6.2 6.3 3.7 95.0 935 932 929 959
T4 3.1 2.0 3.6 6.3 3.1 96.6 979 966 92.8 96.6
Model A2
Tl 5.8 13.0 112 109 94 934 863 82 879 882
T2 7.7 7.3 7.8 79 110 91.0 914 905 90.1 876
T3 3.6 7.0 7.7 8.1 4.5 959 912 90.1 904 948
T4 3.8 133 144 16.0 158 963 84.6 833 81.8 844
Model A3
Tl 9.4 93 105 93 3.5 934 926 920 899 96.0
T2 5.8 7.3 6.5 5.9 6.7 943 925 945 943 936
T3 3.1 48 6.0 6.3 3.5 973 953 939 939 956
T4 4.9 9.8 9.7 102 104 950 87.0 82 873 86.6
Model A4
Tl 40 308 321 311 239 96.1 572 549 586 69.0
T2 53 206 190 21.1 103 935 786 8.1 812 893
T3 35 306 244 308 242 96.1 62.0 683 59.7 701
T4 33 134 127 15.0 13.0 962 832 848 81.0 835
Model A5
Tl 3.1 11.4 86 9.4 6.9 963 887 914 902 932
T2 4.8 5.6 5.9 53 4.6 951 948 939 935 959
T3 2.5 40 438 43 49 97.6 949 942 945 940
T4 4.6 94 45 4.4 4.0 943 89.1 942 941 951
Model A6
Tl 3.9 39 43 4.1 33 96.0 958 949 954 965
T2 4.7 7.8 5.7 43 5.9 947 924 929 946 928
T3 43 188 5.1 149 4.1 952 836 953 862 96.0
T4 4.6 153 42 4.1 4.2 946 842 954 949 952
Model A7
Tl 8.8 114 140 155 138 90.7 869 850 827 859
T2 7.8 10.3 104 10.1 117 923 89.7 898 89.6 865
T3 1.1 128 108 10.1 114 87.7 855 869 8.1 868
T4 1.1 103 112 94 9.6 877 872 867 893 88.6
Model A8
Tl 3.2 151 108 103 10.6 97.1 847 892 878 817
T2 29 7.3 93 11.0 6.8 969 920 894 865 920
T3 2.9 93 119 101 53 97.0 875 875 90.1 944
T4 56 21.1 235 249 231 934 738 703 68.0 712
Model A9
Tl 2.8 6.0 143 29 32 97.1 935 860 967 96.7
T2 2.6 3.5 24 41 33 975 964 977 956 96.4
T3 1.8 141 22 4.4 3.1 984 934 975 957 974
T4 2.8 8.0 7.8 2.0 4.1 975 951 955 978 962

* L Ref: reference discharge
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Table 3b. Discharge coefficient variation
(CV%) and water uniformity distribution
(UD%) of auto-compensating dripper tubes A10
- A14 after 288 hours of irrigation

Treatments L Ref CV (%) L Ref UD (%)
Hours— 0 72 144 216 288 0 72 144 216 288
Model A10
T1 3.2 178 163 148 19.1 96.1 80.1 81.8 852 79.7
T2 29 3.9 13.0 59 6.1 96.5 953 86.7 93.9 93.6
T3 5.8 159 152 138 142 926 81.7 824 852 841
T4 2.7 163 5.6 7.3 6.2 96.5 795 939 91.0 933
Model Al1
Tl 2.4 77 70 62 44 97.6  91.8 91.7 925 955
T2 4.2 5.0 53 4.8 4.9 948 957 953 95.6 954
T3 22 54 6.1 6.1 59 97.4 936 933 92.7 93.0
T4 3.6 120 89 10.0 10.3 95.5 87.5 905 89.8 893
Model A12
Tl 4.1 85 48 54 93 955 889 943 942 90.1
T2 2.8 6.6 5.9 4.2 43 96.8 920 924 948 9438
T3 1.9 192 95 7.0 123 975 815 886 923 872
T4 2.7 126 133 9.6 102 972 843 844 878 876
Model A13
T1 5.1 4.2 9.6 5.1 59 945 965 89.4 95.6 93.8
T2 4.5 8.2 7.1 7.0 8.7 954 940 919 92.8 89.2
T3 4.2 6.2 8.9 73 8.6 95.0 934 90.8 91.8 913
T4 6.9 5.4 126 6.6 9.2 93.0 948 878 92.0 90.4
Model A14
Tl 2.4 6.0 62 41 4.6 974 935 931 956 943
T2 22 32 27 20 26 973 963 972 983 974
T3 2.5 4.1 33 67 40 97.6  96.1 967 924 953

T4 32 7.6 6.0 5.8 4.4 96.5 898 935 944 954

* L Ref: reference discharge.

Models Al, Al3 and Al4 provided
clogging of drippers as discharge increased, or
rather, they had discharge excess when

compared to reference rates. On the other hand,

model A9 had the best performance with 3.2;
3.3; 3.1 and 4.1% of CV (%) respectively for
treatments T1, T2, T3 and T4, and UD (%)
above 96% for all treatments. In fact, it may be
classified as excellent, according to Solomon
(1979).

Table 3 registered that models A2, A3,
A4, A10 and A12 had the highest CV (%) rates
after 288 hours of treatment application. Model
A4 had the greatest clogging trend, with over
10% discharge reduction for all treatments; with
23.9; 10.3; 24.2 and 13.0% discharge coefficient
variation and with 69.0; 89.3; 70.1 and 83.5%
water uniformity distribution respectively for
treatments T1, T2, T3 and T4.

Treatments T1 and T3 (white potassium
chloride) and T2 and T4 (red potassium
chloride) would have the lowest performance
with the application of red potassium chloride,
with the highest clogging percentage and lowest
water uniformity distribution rates when
compared to treatments with the application of
white potassium chloride (Tables 2 and 3).

A similar behavior occurred with water
quality. It was expected that water plus organic
matter (rich in phytoplankton) (T1 and T2)
would have a higher capacity to cause dripper
clogging problems when compared to
treatments irrigated with tap water (T3 and T4).
This fact was not reported (Tables 2 and 3),
complying with report by RIBEIRO et al.
(2010).
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CONCLUSIONS

1. The addition of red potassium chloride
and the addition of water with organic matter
did not cause a higher clogging rate.

2. The addition of white potassium
chloride and the addition of water with organic
matter did not provoke a higher clogging rate.

3. Model C7 had the best performance
among the conventional models.

4. C5 and C6 were the conventional
models most prone to clogging, with significant
clogging rates.

5. Model A9 and Model A4 respectively
had the best and worst performance, the latter

having high clogging trends.
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