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This study was designated to determine the effect of different applied water by use of different emitter
discharges on the wetting patterns of a loam or clay-loam soil under trickle source. Irrigation water was
applied when the soil water depletlon of 30 and 50% from available water capacity of soil in 0 - 90 depth.
The discharge rates of 2 and 4 L h™ was selected in irrigation treatments. The parameters affected the
wetted soil volume of vertical wetting front advance Z;, lateral wetting front advance within the soil
profile Rs or at the surface R;, were researched. The Z; and Ry varied 43 to 58 cm and 54 to 60 cm,
respectively. Different emitter discharges had no significant effects on Z;, R; and R;. Different water
applications had significant effect on Z; but had no significant effects on Rs or R;. The highest wetted
soil volume was obtalned as 122681.6 cm® irrigation at 50% depletion from the available water capacity
of soil from by 4 L h™ emitter discharge use. The results showed that higher application rate favors the

both vertical and lateral direction of water.
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INTRODUCTION

Trickle irrigation is one of the most efficient methods and
the system usually makes use of saving water supply in
order to apply precise amount of water to the root zone. It
is planned to deliver frequent light applications of water to
wet only portions of the soil (Al-Qinna and Abu-Awwad,
2001). In order to preserve water resources and to
improve its use efficiency, trickle irrigation is considered
as a good way to achieve that. Trickle irrigation allows a
large degree of water saving, enabling accurate appli-
cation of irrigation amounts according to crop water
requirements. Under optimum management, trickle irriga-
tion systems will reduce the water losses caused by
evaporation and by deep percolation (Tanji and Hanson,
1990). On the other hand, the use of this technique is
relatively recent and little information is known about the
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movement of the water in soil profile under field condition.
Therefore, the size of the wetted soil volume under emit-
ters is an important field characteristic in trickle irrigation
system design (Revol et al., 1991). In trickle irrigation,
frequency and application rate determine the soil water
content, and as a result root distribution and patterns of
plant water uptake (Coelho and Or, 1999; Assouline et
al., 2002). The wetted soil volume under an emitter can
be determined the purpose of estimating the available
soil water as the product of percent wetted area and
depth of rooting. The dimensions of this and the percent-
tage of the wetted area depend on the emitter discharge,
spacing and soil properties (Keller and Karmeli, 1974;
Goldberg et al., 1976; Assouline, 2002). The boundaries
of the wetted soil volume are reasonably well defined and
are surrounded by drier soil (Zur, 1996; Wooding, 1968).
Mitchell and Lembke (1981) reported that increase emit-
ter discharge reduced lateral and increase the vertical
movement of water under silt-clay-loam soil. Clark et al.
(1993) reported that lateral movement of water varied
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Table 1. Particles size distribution and water holding capacity of experimental soil.

Depth (cm) Clay (%) Silt (%) | Sand (%) Bulk density (g cm's) 0ic (%) | Gpwp(%) | AWC (mm 30 cm™
0-30 21.4 46.6 32.2 1.33 34.15 20.60 40.65
30 -60 32.4 35.4 32.2 1.36 31.21 21.66 28.65
60 —90 30.4 40.4 29.2 1.29 32.33 19.81 37.53

ar.: Volumetric water content at the field capacity, %;
@pwp: Volumetric water content at the permanent wilting point, %;
AWC: Water holding capacity of the soil, mm 30 cm™.
Table 2. Irrigation water properties used in treatments.
Irrigation EC pH Cations, meq L™ Anions, meq L™
Water Class (umhos cm™) Ca™ Mg™ | Na* K* | HCOs | SOs2 | cr
CS' S1 967 7.40 10.40 0.55 - 2.8 6.62 1.13

15.5 - 20 cm by use of 1.5 - 1.9 L h™" emitter discharge in
sandy soil conditions. Gengoglan and Yazar (1998) stu-
died the effects of different irrigation water applications
on lateral wetting front advance under clay soil condition
and measured between 45 and 60 cm. Schwartzman and
Zur (1986) studied the geometry of wetted soil volume
under trickle irrigation and developed a series of
empirical equations relating the width and depth of the
wetted soil volume to emitter discharge, saturated
hydraulic conductivity of the soil and volume of water in
wetted soil volume. The few studies have been cited in
the literature about determination of wetted soil volume
under field condition.

The objective of the present research, therefore, was to
study the effect of applied water by using different emitter
discharges on the wetted soil volume at the end of
irrigation under field conditions.

MATERIALS AND METHODS

The investigations were carried out during the summer period of
2001 in the Karaman province located in Middle Anatolia Region of
Turkey. The research site was 36° - 37° north latitude and 32° - 34°
east longitude with an elevation of 1033 m above sea level. The
region experiences almost arid climate with extremely hot during
summer and cold during winters. According to the long term climate
records, the mean average temperature, relative humidity and wind
speed during the study year were 11.8°C, 61% and 2.4 m s™,
respectively. Annual rainfall and evaporation were recorded as
333.6 and 1334 mm, respectively (Anonymous, 2008). The
percentage of clay, silt and sand with some physical properties of
the experimental soil is given in Table 1. The total soil available
water capacity, AWC, was 106.83 mm 90 cm™.

The in- line trickle tube used for irrigation was (GR type Eurodrip
U.S.A,, Inc.) consisting of 50 m long PE distribution lines, 16 mm in
diameter, 0.75 cm drip away, each delivering 2 L h™ and 4 L h™" of
irrigation capacity at 100 kPa pressure. For proper determination of
wetting parameters, or testing the individual emitter, some emitters
were closed. Trickle irrigation lines were 5 m apart, equally spaced

in the plant rows. The trickle system had the control unit with a
fertilizer tank (100 L), a disk filter, control valves and a water flow
meter.

In research, irrigation water is taken from deep wells with 80 m in
depth and 60 m® h™' capacity. The properties of irrigation water are
given in Table 2 and it was C3S; class (Anonymous, 1954).
Although irrigation water is third class in terms of the salinity
hazard, there was not observed any signs of salt in soil profile.

In order to evaluate the wetted soil volume, two irrigation water
levels were applied (depletion of 30 and 50% of available soil water
capacity of the soil in 0 — 90 cm soil depth) by use of two discharge
rates of 2 and 4 L h™' in the experiment. The parameters affected
the wetted soil volume of vertical wetting front advance Z; and
lateral wetting front advance within the soil profile Rs with on the
surface R:, were researched. The Z; and Rs were determined by
measuring the soil moisture content by gravimetric method after the
day of irrigation. The soil samples were taken from 0 - 30 cm, 30 -
60 cm and 60 - 90 cm depth by the 10 cm increments from the
emitter point up to 80 cm away by use of in small diameter auger.
The boundaries of the wetted soil volume were the volume of
wetted soil that was above the field capacity of soil (Gengoglan and
Yazar, 1998). The parameters of the lateral wetting front advance
on the surface (Rs) were measured by use of graded steel measure.
Like a previously graph (Hammami, 2001; lusheng et al., 2004) was
used (Figure 1) to determine the wetting patterns under emitters
from a surface point source.

The shape of the wetted soil volume is like truncated ellipsoid.
The equation of ellipsoid for origin (o-h), radius of a and b can be
written as follow;

2 z+h2
%‘i‘(b—z):l (1)

The x value in equation 1 for calculation of volume of cut ellipsoid
that refers to the wetted soil volume obtained from area in Figure 1
by rotating the 360°on the o0-z axis, can be written as;

x:(p(z):i%.lbz—(z+h)2 (2)

The volume limited by rotating surface can be as follow;
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Table 3. Vertical wetting front advance (Zs) within soil profile for different applied water and emitter rate.

Depletion from AWC, (%) Emitter discharges (L h") Vertical wetting front advance, Z; (cm)
30 4Lh" 55
50 58
30 2Lh" 43
50 46
_ Emitter. O wetting front advange (Zs) under the po!nt'source (gmittgr)
Soil surface ’ X cm and the lateral wetting front advance within the soil profile
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Figure 1. Schematic description of the wetted soil volume
parameters.
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By solving the definite integral equation given above, following
formula can be first derived for calculation of cut ellipsoid volume;

2
=22 (bn) (20>~ +hb) @

V

oz

where; Vo, - wetted soil volume (cm®), a- % of the maximal lateral
wetting front advance (cm), b- depth between maximal lateral
wetting front advance and vertical wetting front advance (cm) and
h- depth between maximal lateral front advance and soil surface
level (cm).

Analysis of variance of evaluated characteristics was done and
means compared by the Tukey probability test (5%).

RESULTS AND DISCUSSION

The wetting patterns are characterized by the depth of

(Rs). The variables are mainly influenced by the applied
water amounts and the application rate.

Vertical wetting front advance (Z;)

The vertical wetting front advance data are given in Table
3. The deepest point of wetting front advance located at
55 and 58 cm under the treatment of 30 and 50% water
content depletion from the AWC by emitter discharges of
4 L h", respectively, whereas they were measured at 43
and 46 cm under same water applications for discharge
rateof 2L h™". The highest Z; was obtained as 58 cm from
the emitter discharge of 4 L h™'. Thabet and Zayani (2008)
have also similar results that Z; was 52.5 cm for emitter
discharge of 4 L h™ under loam-sand soil conditions. The
higher the applied water and emitter discharges the more
the vertical wetting front advance that was in agreement
with the previous observation (Mostaghami et al., 1981).

Lateral wetting front advance within soil profile (R;)

Lateral wetting front advances or maximal widths in soil
proﬂle are presented in Table 4. In examine the Table, 4
L h™" emitter discharge resulted in horizontal extent of 56
and 60 cm under different water appllcatlons These were
measured as 54 and 57 cm for 2 L h™ emitter d|scharges
Increase the emitter discharge from 210 4 L h' resulted
in small amount of increase in lateral wetting front in soil
profile. Gengoglan and Yazar (1998) also reported similar
findings. In trickle system design, due the slight differ-
rences both treatments can be selected. In arid regions,
small discharge might be recommended for greater land
irrigation in one set.

Lateral wetting front advance on soil surface (Ry)

Table 5 shows the lateral wetting front advance on the
soil surface. According to such Table, Ry was slightly
h|gher in great discharge (4 L h™) than small discharge (2

L h™") for 50% of the AWC water application. The highest
Rs value was measured at 32 cm from 50% of the AWC
water application and discharge rate of 4 Lh™, and the
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Table 4. Lateral wetting front advance (Rs = 2a) within soil profile for different applied water and emitter rate.

Depletion from AWC, (%) Emitter discharges (L h'1) Lateral wetting front advance, Rs (cm)
30 4Lh" 56
50 60
30 2Lh" 54
50 57

Table 5. Lateral wetting front advance (Rs) on soil surface for different applied water and emitter rate.

Depletion from AWC, (%) Emitter discharges (L h'1) Lateral wetting front, R; (cm)
30 4Lh" 30.5
50 32.0
30 2Lh" 29.4
50 31.0
Table 6. Effect of emitter discharges on soil wetting patterns.

Emitter discharge, L h' Zi (cm) Rs (cm) R: (cm)

2 49+7.04a | 55+3.35a | 29.95%1.71a

4 52+6.81a | 58+2.53a | 31.50+1.76a

LSDo,os ns ns

ns- not significant; s- significant

Average in the same column followed by the same letter did not differ by Tukey

test (5%).

lowest one was at 29.4 cm from 30% of the AWC water
application with discharge rate of 2 L h™'. This lateral wett-
ing front is attributed to the capillary predominance effect
for small discharge at the opposite of gravity effect which
is more important with great discharge. Gupta et al.
(1995) reported that wetting front advance was 40 cm for
clay loam soil and this was higher than our study result.
The difference might be resulted from the soil character-
ristics of experimental soil.

Statistical evaluation of experimental results

The individual effects of different emitter discharges and
water applications on Z;, Rs and R are presented in Table
6and 7.

According to the Table 6, increase of emitter dis-
charges from 2o 4 L h™' had no significant effect on Z;,
Rs, and Rs. The differences were found not significant for
measured all parameters. Under these conditions, 2 L h™
emitter discharge was seen more suitable for increasing
the irrigated areas with same amount of water supply.

As seen from the Table 7 that the different water appli-
cations had only significant effect on vertical wetting front
advance (P < 0.05). Increase the applied water resulted

in increase in vertical wetting front advance. The mean Z;
values were 44.50 and 56.50 cm for 30 and 50% of AWC
water applications, respectively. The differences between
Rs and R;were not found significant.

Wetted soil volume (V,;)

The wetted soil volume under an emitter can be deter-
mined for the purpose of estimating the available soil
water. The mean wetted soil volumes as influenced by
the different applied water and emitter discharges were
calculated and presented in Table 8 and Figure 2. The
differences in wetted soil volume within each applied
water and emitter dlscharges were not very Iarge
101317.3 - 122681 6 cm® and 73812.43 - 86053.47 cm®
for 4 and 2Lh" respectlvely In general, V,, was higher
in 4 L h" than 2 L h" emitter d|scharge and the highest
was computed at 122681.6 cm® under 50% deplet|on of
soil water content from the AWC with 4 L h™' emitter
discharge. Increase applied water and the emitter dis-
charge the more the wetted soil volume. Under this expe-
rimental condition, designers may use the small emitter
discharges in areas of limited water resources supply.
However, higher emitter discharge might be recommend-
ed only in areas where the water supply is sufficient. Our



Table 7. Effect of applied water on soil wetting patterns.
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Depletion from AWC of soil, % Z; (cm) Rs (cm) R (cm)
30 44.504+2.07a | 55+1.79a 30.20+2.0a
50 56.50£3.27b | 58+3.79a | 31.25+2.16a
LSDo_os S ns

ns- not significant; s- significant
Average in the same column followed by the same letter did not differ by Tukey test (5%).

Table 8. Parameters for calculation of wetted soil volume (V) for different applied water and emitter rate

Depletion from Emitter 1 Wetted volume,
AWC (%) discharges (L h") a(cm) b(cm) h(cm) Vo (cm’®)
30 28 35 20 101317.3
50 4Ln" 30 37 21 122681.6
30 27 29 14 73812.43
50 2Lh’ 28.5 29.5 15.5 86053.47
q=4 L h'; 30% of AWC q=4 L h';50% of AWC
Soil surface X cm, Soil surface Emitter

q=2Lh"'; 30% of AWC

Soil surface Emitter

h=14 cm

a=27 cm

A 4

A
|

!Zcm

Soil surface

I'h=21 cm

a=30 cm

g=2Lh"'; 50% of AWC

Figure 2. Wetting patterns under different applied water and emitter discharges.

Emitter

lh=15.5 cm

a=28.5 cm
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ficient. Our calculation formula yielded similar results by
Thabet and Zayani (2008). The results of this experiment
will be very useful for trickle irrigation design especially
selection of lateral and emitter spacing.

Conclusion

Different irrigation water amounts were applied by use of
two emitter discharges for determination of wetted soil
volume under field conditions. The boundaries of the
wetted soil volume were the volume of wetted soil that
was above the field capacity of soil. Statistical analysis
indicated that use of different emitter discharges had no
significant effects on vertical wetting front advance,
lateral wetting front advance within the soil profile and at
the surface. Different water applications had significant
effect on only vertical wetting front advance but had no
significant effects on lateral wetting front advance within
the soil profile and at the surface. The results showed
that both vertical, lateral wetting front advances and
wetted volume increased under higher emitter dis-
charges. The study results will be very beneficial for tric-
kle irrigation design especially selection of lateral and
emitter spacing and consequently application time.
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