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Table 1. The composition of the growth media examined.

o sl s sl ]
Volumetric ratio Weight ratio Growth media
100% 100% (perlite) <ol
10%-90% 5%-95%

20%-80% 10%-90%

30%-70% 15%-85%
40%-60% 20%-80%
5%-95% 2.5%97.5%
10%-90% 5%-95%
15%-85% 7.5%-92.5%

20%-80% 10%-90%
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Table 2. Nomination of experimental treatments.
4 3 2 (Cele p 1) 0o has s
Dripper discharge
. e liter per hour)
Q4 Q3 Q2 g
Index T
Growth media
P100Q4 P100Q3 P100Q2 P100 (perlite) < »
P95C05Q4 P95C05Q3 P95C05Q2 P95C05 (cocopeat-perlite) o 5 5S— 2 5,
P90C10Q4 P90C10Q3 P90C10Q2 P90C10 (cocopeat-perlite) oy S 55— »
P85C15Q4 P85C15Q3 P85C15Q2 P85C15 (cocopeat-perlite) oy 55 55— »
P80C20Q4 P80C20Q3 P80C20Q2 P80C20 (cocopeat-perlite) <o 5 5S— 2
P97.572.5Q4 P97.572.5Q3 P97.572.5Q2 P97.572.5 (zeolite-perlite) = 555~
P95705Q4 P95705Q3 P95705Q2 P95705 (zeolite-perlite) = 555~
P92.527.5Q4  P92.5Z7.5Q3 P92.577.5Q2 P92.527.5 (zeolite-perlite) < 55~
P90Z10Q4 P90710Q3 P90Z10Q2 P90Z10 (zeolite-perlite) < 55—

&;A.A.A‘J:.\m.l_)})‘)ﬁd)}u\«ﬁ))ulﬁ.ﬁé-lﬁsdk:.!}lu\&‘}‘f}j%}S}SQ\;:J_’J‘)G&;:}J{'G-L‘SQ[:J&_A:;JJMQ}C‘Z‘P‘JJI,

P, Z, C and Q indicate perlite, zeolite, cocopeat and discharge, respectively, and the numerals indicate the weight percentages of

the materials in the substrate.
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Fig. 1. An overview of the used drip irrigation system.
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Fig. 2. Plan of the wetting circle on the surface of the growth medium.
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Table 3. Variance analysis of the measured quantities.

QL"-’J‘ w—i-'l’:‘ &"J.T 40 CJ\M CL.A
Mean squared DF Sum of squares
Vwet MSyw MDw20 MDw10 Vwater q
275.36%* 988180.3**  454.82%* 349.92%** 33.62%* 8 (Substrate) s
35.31%* 53115.14" 178.58%** 204.6%* 18.05** 2 (Discharge) o>
28.70** 120364.9** 33.24%* 37.5%* 4.40%** 16 (Substrate % Discharge) 5% s
4.37 19023.50 12.66 9.61 1.08 54 (Error) U.L_L»ﬂ sl
17.54 18.27 11.31 10.9 23.45 (Coefficient of variation) &l a5 s 5

() J‘..LLAJ‘TJ}L):a:u;M\ ;UMS)LJJV_?L,:VW,,,e,eTukey Ojﬁ)'fwb‘ﬁ.o\&));{i}@g)l.«b.c]a.d)} Gl pne 5 SoIs pra e oS Say B 5 *

% ns

.)L:'l °-'\'j’g"':—>. C]a.n wf‘.:..:a = MS,, ‘(j:”’gj.“"L‘“) C]a.n _)] j:Ad:ILw Yo s\ﬂ BE e.\..f:u”:.i jk_; =MDy ‘(j:‘.»L;”.;LA) c]a.n _)‘ j:"";;""'l"" Vo 44_‘9 BE BJ“;J“T‘,. J.]aj = MDyo

) et st oo =Vier 0 0 SL0) 5k
Non-significant and significant at the 5 and 1 % probability levels, respectively, based on the Tukey test. Vyuer = volume of irrigation water (liter),
MD,, o= wetting diameter in layer 10 cm from the surface (cm), MD,»= wetting diameter in layer 20 from the surface (cm), MS,, = maximum
wetting area (cm?), Ve = wetting volume (liter)
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Table 4. Mean comparisons of the measured quantities as affected by the experiment treatments.

oSl o

Means T ; ) "
vwet I\/[Sw MDWZO MDWlO Vwater reatiments
10.06¢ 704.35¢ 31.83° 27.56° 3.35¢ P100
14.58° 947.18° 38.28* 332 5.17° P95C05
16.42% 1006.69% 37.42* 34.11* 5.74° P90C10
19.57* 1228912 40.17* 35.782 7.26* P85C15
18.852 1122.26% 38 35.89* 7.55% P80C20
8.01¢ 496.2¢4 25.39¢ 24be 2.99¢ P97.572.5
5.944 386.354 24.06° 21.44¢ 2.52¢ P95705
6.47¢ 424274 23.44¢ 21.61¢ 2.58¢ P92.577.5
7.07%4 452.87¢ 24.56° 22.72¢ 2.9¢ P90Z10
11.82% 739.7* 32,732 29.61* 4.58¢% Q2
13.07* 802.252 33.152 30.442 5.22 Q3
10.78° 714.412 28.5% 25.31° 3.52b Q4

Yo A.LY BN aJ.J’:Jw:ﬁ- j]aj =MDy ;(_,ZAV;.:LA) C]a.w 3l J:"’g;“"L“’ Vo QY L eJ.J’:Jw:ﬁ- j]aj = MDy0 c()::J) Jf..ibﬂ J}Jo 53 eslawal 340 LS)L:J uT = Vwater
A S e Gy glils 45 Lla st () edd s e =V g(cja Fosle) by sl edd st CE.» i = MSy (e la) c]a..ﬂ;‘lj:.ad:;l..d
1l e M L5 O e s Tukey Ssasl el

Ve = volume of irrigation water (liter), MDyo = wetting diameter in layer 10 cm from the surface (cm), MDyyo = wetting diameter in layer 20 from the
surface (cm), MS,, = maximum wetting area (cm?), Vy, = wetting volume (liter); Bars with similar letters are not significantly different (Tukey, p < 0.05).
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Fig. 3. Mean comparison of the interaction effect of the growth medium type x emitter discharge on the irrigation water volume; bars
with similar letters are not significantly different (Tukey, p < 0.05).
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Fig. 5. Mean comparison of interaction effect of type of growth medium x emitter discharge on wetting diameter in layer 10 cm; Bars
with similar letters are not significantly different (Tukey, p < 0.05).
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Fig. 6. Group mean comparison of different growth media for the wetting diameter in the 10 cm layer; bars with different letters are
significantly different (Tukey, p < 0.05).
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Fig. 7. Mean comparison of the interaction effect of the growth medium type x emitter discharge on the wetting diameter in the 20
cm layer; bars with similar letters are not significantly different (Tukey, p < 0.05).
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Fig. 8. Group mean comparison of different growth media for the wetting diameter in the 20 cm layer; bars with different letters are
significantly different (Tukey, p < 0.05).
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Fig. 9. Mean comparison of interaction effect of type of growth medium e x emitter discharge on wetting volume; Bars with similar
letters are not significantly different (Tukey, p < 0.05).
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Fig. 10. Group mean comparison of different substrates for wetting volume; Bars with different letters are significantly different
(Tukey, p < 0.05).
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Abstract

Determining the wetting distribution pattern is essential for the proper design of drip irrigation systems. Identifying the
pattern of wetting distribution enhances the efficiency of the irrigation system and water use. This study was conducted
to determine the wetting distribution caused by a point source and compare it among different growth media as a
factorial based on a completely randomized design with three replications. The first factor, the growth medium type,
included 9 levels with a combination of zeolite, perlite and cocopeat; the second one consisted of the dripper discharge
at three levels of 2, 3 and 4 liters per hour. The results showed that the effects of medium type and the interaction of the
medium x dripper discharge on all measured quantities (volume of irrigation water, wetting diameter in 10 and 20 cm
layers from the surface, maximum wetting area and wetting volume) were significant. The effect of the dripper
discharge on all quantities except the maximum wetting area was significant too. The addition of 10% cocopeat to
perlite had a positive effect on the wetting distribution pattern and increased the wetting volume by 79% at a discharge
of 3 liters per hour; however, zeolite did not perform well, as compared to cocopeat, reducing the wetting volume by
30%. In general, the appropriate dripper discharge in all growth media was 3 liters per hour. The discharges of 2 and 3
liters per hour are suitable and cocopeat-perlite medium with a composition percentage of 20-80 led to forming a
suitable wetting distribution pattern.

Keywords: Drip Irrigation, Wetting distribution patterns, Soilless growth media, Zeolite, Cocopeat.

Background and Objective: Wetting distribution pattern is an important feature that should be considered when
designing the irrigation system. Igbal et al. (2) conducted a study to identify the wetting pattern in different soil textures
and discharges. Based on the results, the optimal discharge was 4 liters per hour for a sandy loam soil and 3 liters per
hour for the other three soils. The wetting distribution patterns can guide designers in choosing the number,
arrangement of droppers and pipes, and planting depth. Besides, the crop yield depends on the wetting area of the soil;
therefore, by optimizing it, the crop yield can also be increased. The results of a study showed that the application of
cocopeat increased the width and depth of wetting (3). The objective of this study was to determine the wetting
distribution caused by a point source and compare it among different growth media.

Methods: This experiment was conducted in a physical model as a factorial based on a completely randomized design
with three replications. The first factor, the growth medium type, included 9 levels with a combination of zeolite, perlite
and cocopeat; the second one consisted of the dripper discharge at three levels of 2, 3 and 4 liters per hour. In order to
select the appropriate amount of zeolite, cation exchange capacity (CEC) was used in cocopeat-like media was invoked.
This was such that the CEC should be the same for both growth media. The average CEC of zeolite was twice of that in
cocopeat, so the amount of zeolite used was about half of cocopeat. A rectangular physical model made of polystyrene
with width, length and height of 40, 50 and 35 cm was used. The depth of each model was divided to 6 layers of 5 cm
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(zero, 5, 10, 15, 20 and 25 cm). A water outlet was placed in the center of each model. The irrigation was continued
until the drain came out of the bottom of the media. After irrigation, the media material was removed layer by layer
from the surface with a thickness of 5 cm and the maximum wetting width in each layer was measured.

Results: The results showed that with a discharge of 4 liters per hour, water volume was raised with increasing
cocopeat; this was because with the addition of cocopeat, the water holding capacity of the media increased. Media
containing zeolite and pure perlite had the lowest water volume with the discharges of 3 and 4 liters per hour, which
was consistent with the findings of Moslehi (3). The results also showed that the addition of cocopeat and zeolite
increased and decreased the wetting diameter in 10 and 20 cm layers and the volume of wetting distribution patterns,
respectively. Addition of cocopeat to perlite increased the water holding capacity of the media; as a result, the wetting
width was increased, which was consistent with the results obtained by Asadi et al. (1). The wetting volume in pure
perlite medium was higher than the substrate containing zeolite, because zeolite retains water in its porous lattice thus
preventing its spread on the surface of the medium, which was consistent with the results of Polat al. (4).

Conclusions: An appropriate growth medium in a specific dripper discharge is one that led to forming a more suitable
wetting distribution pattern with the most economical irrigation and importing used growth media. The wetting
distribution pattern in the media containing cocopeat, in terms of wetting diameter and depth, as compared to other
substrates, had better conditions. In contrast, the growth media containing zeolite did not perform well. The discharges
of 2 and 3 liters per hour led to forming a more suitable wetting distribution pattern. For the perlite-cocopeat medium in
the beds with a width of 40 cm, a row of drip tape or a row of dripper tubes with 20 cm intervals between drippers could
be suitable for forming the wetting distribution pattern in the whole media.
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