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ABSTRACT
The aim of this investigation is to evaluate the behavior of salt
concentration distribution under surface and subsurface drip irrigation
technique in Siwa Oasis hyper arid condition with using low quality
water. The experimental results showed that salt moving from surface to
the root zone in Adjacent Lines (AL) was more than Vertically Spaced
Lines (VSL) and increasing dripline depth decreased the accumulated
salt. In case of without Poly-ethylene (PE) foil, the best WUE for onion
reached 0.5 kg/m? in the case of VSL with 0.8 — 1.0 m spacing and 10 cm
depth and the highest onion (2.42 t/fed) yield under VSL arrangement
was obtained from 10 cm dripline depth and dripline spacing range 0.4 —
0.6 m. In case with PE foil, the highest onion yield under VSL
arrangement (2.9 t/fed) was obtained from 25 cm dripline depth and
dripline spacing range 0.3 — 0.6 m.
Keywords: Drip irrigation, Subsurface drip, Underneath PE foil, Saline
water, Siwa Oasis, and Onion.

INTRODUCTION

ith human development and limitation in water resources, new
Wtechnologies are found. In Siwa Oasis, there is a lot of

drainage saline water. Recent techniques can use this low
quality water in safe and beneficial gains.
The use of saline water for agricultural irrigation is attractive for the
following reasons: a) Water shortage problems can be resolved; b) Large
amounts of saline water can be disposed of during the entire year, with
minimal risk of groundwater deterioration; ¢) Economic benefits of higher
market price for the fruits, which are sweeter with extended shelf life, due
to the stressful growing conditions (Oron et al., 1995). Under arid and
semi-arid conditions associated high solar radiation, intensive evaporation
from the soil surface takes place.

(1) and (3) resp. Prof. Emerit. and Assoc. Prof., Ag. Eng. Dep., A. Shams U., Cairo,
Misr (Egypt).

(2) and (4) resp. Prof.. Emerit. and Res., Soil Conserv. Dep., Desert Res. Center.,
Cairo, Misr (Egypt).
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Therefore salt could accumulate in the root zone if leaching is not
maintained, resulting in poor yields. It is anticipated that under subsurface
drip-irrigation, the evaporation will be minimized and the salt front will be
positioned below the root zone and risk of damaging the plants is
minimized. Since the water does not reach the soil surface, the surface
remains dry; thus minimizing the saline water effect, (Keller and Karmeli,
1975). Accordingly, best results were obtained with emitters located at a
depth of 30 cm, when pear orchard was taken as indicator, (Oron, et al.,
1995). The aim of this investigation is to evaluate the behavior of salt
concentration distribution under surface and subsurface drip irrigation
technique in Siwa Oasis hyper arid condition with using low quality water.

MATERIALS AND METHODS
Site of the experiment:
Two field experiments were conducted during winter season (2006 — 2007)
in Agricultural Experiment Station of the Desert Research Center (DRC),
Siwa oasis — Mersa Matruh Governorate. Siwa depression is located on the
northern edge of the great sand sea, one of the largest sand areas in the
world in the western desert of Egypt at about 750 km north west of Cairo
and 300 km west south Mersa Matruh (The Mediterranean coast).
Depression has a length of about 75 km and a width varying between 5 and
25 km with a total area of about 1088 km?. The elevation of the floor is 0
to -18 m from sea level and the longitude ranges between 25°18" — 26°
E and the latitude ranges between N.  29°5' —29°20’
The soil of experiments is deeply sand. It is a part of sand dune, which is
very deep and the water table surface is about 4 m depth.
To determine soil properties of experimental site, individual samples (0 —
60 cm) were collected. The soil samples were dried, sieved through 2
mm sieve, then mixed to composite soil sample to represent the
experimental site and reserved for soil analysis. The representative soil
sample was subjected to the following methods in DRC laboratories.
a. Particle-size distribution was measured by dry sieving, according to
Gee and Bauder (1986).
b. Electrical conductivity (ECe) in the soil paste extract was measured
by using measuring device according to Richards (1965).
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c. Soil pH in the soil paste was measured using pH electrode device
according to Peech (1965).

d. Bulk density (pp) was obtained by dividing samples weight per
volume according to Blake and Hartge (1986).

Field capacity and wilting point (V %), were determine using pressure
cooker and pressure membrane, respectively.

Some physical and chemical properties of soil sample of the soil
experimental site are shown in Tables (1).

Table (1): Some physical and chemical properties of the experimental soil site.

Particle size (%) Very Coarse sand | 0.15

Coarse sand 11.67

Medium Sand 29.86

Fine sand 46.68

Very Fine Sand 10.81

Silt + Clay 0.85

Textural class Sand

Bulk density (g/cm®) 1.66

Field capacity (V %) 16.2
Permanent wilting point (V %) 7.6
Available water (V %) 8.6

pH 7.73

EC (dS.m™) 7.40

Saturated hydraulic conductivity (mm/min) | 8.03

Irrigation system installation and experimental treatments:
The first experiment (E;) without PE foil was carried out including
the following treatments:
a. Two Adjacent Lines (AL) and two Vertically-Spaced Line (VSL) at 15
cm in-between.
b. Variation in driplines depth ((upper dripline of VSL or AL depth was 0
and 10 cm).
c. Variation in the driplines spacing (0.4 to 1.0 m).
The main treatment was the driplines arrangement (AL or VSL). Sub-
main treatments were the dripline depth (D = 0 or 10 cm) and, variation
of dripline spacing (S from 0.4 to 1.0 m), as shown in Fig. (1).
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Fig. (1): Layout sketch of irrigation system (With variable lateral spacings
as advised by EI Awady).
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It is worth to mention that using 15 cm Vertically-Spaced driplines in VSL

conforms to Ismail et al. (2006).

The second experiment (E,) had underneath PE foil, with the following

treatments:

a- Dripline arrangement (AL and VSL).

b- Variation in driplines depth (upper dripline in VSL or AL depth was
varied from 0 to 25 cm).

c- Variation of the driplines spacing (0.2 to 1.2 m).

Onion seedlings (Yellow creol, Allium cepa) were sown on 3/1/2007. The

crop yield was obtained and recorded for each treatment.

The statistical analysis methods used are fully described by EI-Roby (1991).

Irrigation water use efficiency (WUE) is defined as the “yield/cu.m. of

water” ratio according to, Burman et al. (1983).

RESULTS AND DISCUSSIONS

Soil salt distribution of treatment without underneath foil (E;):

Effect of dripline arrangement, in treatments (dripline Depth, D = 0
and dripline Spacing S = 0.4 — 0.5 m) VSL gave its core (salt crusts)
close to the driplines, the other treatment AL gave its core at the surface
in the middle between driplines. Salt concentration in the root zone
ranged between 2 — 62 and 5 — 40 dS.m™ for VSL and AL, respectively.
The highest salt concentration of salt crust was 158 dS.m™ for both
treatments, Figs. (2 and 3).

Crust of salt concentration 158 dS/m
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Fig (2): VSL root-zone salt profile (dS.m™) of (D=0and S = 0.4 — 0.5 m).

In addition, it is clear that in VSL the salt concentration accumulated
close to upper driplines and concentrated in the upper layer (0 — 10 cm);
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its concentration reached 2 - 62 dS.m™; and below this layer, salt
concentration reached about 2 dS.m™. Meanwhile, in AL more salt
moved downward to the layer under 10 cm and its concentration reached
to 5 dS.m™ compared with 2 dSm™ in case of VSL.

Crust of salt concent{ation 158 dS/m
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Fig (3): AL root-zone salt profile (dS.m™) of (D=0and S = 0.4 - 0.5 m).

From the above-mentioned figures, it is clear that the right part of soil
saline distribution of the figures are similar to the left part, then
discussion the obtained data will be included one of these parts.
Treatments (D = 10 cm and S = 0.4 — 0.5 m), VSL gave the highest salt
concentration (8.5 dS.m™) beside the upper dripline. Meanwhile, AL
gave the highest concentration (10 dS.m™) in the middle between dripline
and close to soil surface.

Depth (cm)
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Fig. (4): VLS root zone salt profile Fig. (5): AL root zone salt profile
(dS.m™) of (D = 10 cm (dS.m™) of (D = 10 cm
and S=0.4-0.5m). and S = 0.4-0.5m).
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In treatments (D = 0 and S = 0.8 — 1.0 m), same distribution of salt
concentration was obtained in VSL and AL, which ranged between 2 — 52
dS.m?, Figs. (6 and 7). The highest concentration values were beside
driplines in both arrangements. The salt concentrations of surface crust were
nearly similar, 131.6 and 129.9 dS.m™ for VSL and AL, respectively.
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Fig. (6): VSL root zone salt
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Fig. (7): AL root zone salt
profile (dS.m™) of (D =
Oand S=0.8-1.0m).

Treatments (D =10 cm and S = 0.8 — 1.0 m), VSL gave salt distributions
ranging between 2 and 57 dS.m™, Fig. (8). The highest concentration
value was in the middle between driplines close to soil surface. The salt
concentration of crust was 130.8 dS.m™. In the other AL arrangement salt
concentration was between 2 and 8 dS.m™, Fig. (9). The highest
concentration was in the middle between driplines close to soil surface.
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Fig. (8): VSL root zone salt profile
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and S=0.8-1.0 m).
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From the above-mentioned results, it can be concluded that location of
the highest value of salt concentration was greatly affected by dripline
arrangement, and this may be attributed to soil moisture distribution
directly affected by dripline arrangement. Mainly, soil moisture
distribution plus evaporation gave the resulted salt distribution for the
dripline arrangement. In addition, the accumulated salt played as a factor
(osmotic potential) in soil moisture distribution, considered in creating
soil salt-distribution. Thus, there was an interaction between soil
moisture and salt distributions.

The effect of dripline spacing. The accumulated salt in the root zone of
treatments with different spacings gave same distribution, which ranged
between 2 — 62 dS.m™, Figs. (2 and 6). This means that the difference in
dripline spacing did not affect salt distribution. However, high
concentrations of the salts crust were beside driplines and recorded 158.2
and 129.9 dS.m™, for S = 0.4 — 0.5 and 0.8 — 1.0 m, respectively. This
may be attributed to that moisture content of small dripline spacing was
higher than of wider spacing, then evaporation of narrow dripline spacing
was higher than of wider spacing. This led to surface salt crust
accumulation higher in narrow dripline spacing than that in wider
spacing.

Interaction between the dripline spacing and other treatments (dripline
arrangement and depth) indicates effect of dripline spacing on soil salt
distribution. Likewise, decreasing dripline spacing range from 0.8 — 1.0 to
0.4 — 0.5 m under 10 cm dripline depth and with VVSL arrangement clearly
decreased accumulated soil salt from 2 — 57 dS.m™ to 2 — 8.5 dS.m™ and
differed also in surface salt, Figs. (4 and 8).

In the other dripline arrangement AL with surface dripline, the difference
was not only in magnitude of accumulated salt in the root zone, which
changed from (5 — 40 dS.m™) to (2 — 52 dS.m™) for dripline spacing
range 0.4 — 0.5 and 0.8 — 1.0 m, respectively, but also changed location
of highest concentration, Figs. (3 and 7). It is clear that the small dripline
spacing decreased the surface concentration, but in the same time led to
the movement of salt in the whole root zone.

The effect of driplines depths. All treatments showed that increasing
depth of driplines decreased salt concentration in the root zone because
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of decreasing the evaporation potential, which resulted from decreasing
soil moisture at surface. Under VSL arrangement, S = 0.4 — 0.5 m with
surface driplines depth gave salt concentration 2 — 62 dS.m™, Fig. (2) as
compared to 2 — 8.5 dS.m™ for 10 cm driplines depth, Fig. (4). In
addition, salt crusts appeared on soil surface (158.2 dS.m™) beside
driplines and was absent in subsurface case.

In the other arrangement AL, with surface driplines salt concentration
reached to 5 — 40 dS.m™, Fig. (3) as compared to 2 — 10 dS.m™ for 10 cm
driplines depth, Fig. (5). There were salt crusts of (91.3 dS.m™) in the
middle at surface between driplines in surface dripline but was absent in
subsurface case.

Also, dripline depth effected the location of salt cone, while there were two
accumulated salt cones around driplines in surface driplines, Fig. (8). Only
one salt cone accumulated in the middle between driplines in the case of 10
cm driplines depth, Fig. (6). These results are in agreement with Keller and
Karmeli (1975), Bakeer, 1996, Aboamera (1999), Keller and Bliesner
(1990), and El-Tantawy (2000).

Treatments with underneath PE foil (E,), Figs. (10 and 11) gave same
behavior under AL, arrangement but under VSL arrangement the location
of the highest concentrated salt moved from the middle at the surface to
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Fig. (10): VSL root zone salt profile

(dS.m™) of (D = 10 cm Fig. (11): AL root zone salt profile
and S = 09 — 1.2 m) @dS.m™) of (D = 10 cm
with underneath PE foil.
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and S = 09 - 12 m)
with underneath PE foil.
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Fig. (12): VSL root zone salt profile  Fig. (13): AL root zone salt profile
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Fig. (14): VSL root zone salt profile Fig. (15): AL root zone salt profile
@dS.m™) of (D = 25 cm @dS.m™) of (D = 25 cm
and S = 0.9- 1.2 m) with and S = 0.9 - 1.2 m) with
underneath PE foil. underneath PE foil.

The effect of dripline spacing. Accumulated salt concentration in VSL
decreased with increasing dripline spacing from 0.3 - 0.6 t0 0.9 — 1.2 m at
D =10 cm. This may be attributed to two reasons: the first that evaporation
decreased with dripline spacing. The second was that underneath PE foil,
in the narrow spacing, lead to more water percolation, then moisture loss
by evaporation was more than in the wider spacing.
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The effect of driplines depths. variation in driplines depth gave high
effect in accumulated salt concentration, same as without underneath foil,
where increasing dripline depths decreased accumulated salt as shown
with D = 10 cm, Figs. (10 and 16) as compared with D = 25 cm, Figs. (12
and 14), also when comparing between surface depth D = 0, Fig. (17) and
that of D = 10 cm, Fig. (13).

On the other hand, in arrangement AL and S = 0.9 — 1.2 m, increasing
driplines depth from 10 cm, (Fig., 11) to 25 cm, (Fig., 15) did not change
the concentrated salt of root zone. This may be attributed to that was
initially low soil moisture in the sallow depth.
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Fig. (16): VSL root zone salt profile  Fig. (17): AL root zone salt profile
@dS.m™) of (D = 10 cm @S.m?)of D=0and S
and S = 0.3 — 0.6 m) = 0.3-0.6 m) with
with underneath PE foil. underneath PE foil.

Onion yield:

The significance of the main effects of factors and their interactions on
onion yield were obtained. It is clear that the main effect of dripline
spacing (S) is highly significant in both without and with underneath PE
foil. However, the significance of interaction effects varied according to
the presence of underneath PE foil. In case of without underneath foil,
the interaction effects of A (driplines arrangement) x D (dripline depth)
and A x S are significant at 5 % level. However, D x S is only highly
significant. In case of underneath foil, significant effect is obtained in
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case of A x D interaction in contrast with other interaction effects, are
non-significant.

Effect of the treatments without underneath PE foil. Table (2) shows
the main effect of dripline depth on onion yield and WUE regardless of
dripline spacing and arrangement. It is clear that the average onion yield
increased from 1.3 to 1.7 t/fed when the driplines depth was changed from the
surface to the 10 cm. These results are in agreement with Barth (1995),
Bakeer (1996), and Awady et al. (2003). Also, the average WUE
increased from 0.25 to 0.39 kg/m® when the driplines depth changed from
the surface to 10 cm depth.

Table (2): Onion yield and WUE as affected by all factors under
investigation and their interactions.

e
foil state (cm) | range (m) (ton/fed)|(kg/m?)
, | 04-06[ 167 | 026
0.8-1.0 | 0.82 | 0.25
VSL 04-0.6 | 242 | 037
10 [06-08| 1.60 | 0.40
. 0.8-1.0 | 1.65 | 0.50
Without , |04-06] 221 [ 03
08-1.0 | 052 | 0.16
AL 04-0.6 | 181 | 028
10 [06-08| 1.76 | 044
08-10 | 1.14 | 035
o | 03-06] 190 [ 029
sl 09-12 | 082 | 021
e | 03-06 292 [ 037
Wit 09-12 | 123 | 044
o |03-06[ 270 [ 041
AL 09-12| 151 | 039
e | 03-06] 227 [ 029
09-12| 1.08 | 039
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The main dripline spacing effect on average onion yields were 1.03, 1.68,
and 2.03 t/fed at spacings of 0.8 — 1.0, 0.6 — 0.8, and 0.4 — 0.6 m,
respectively. These results are in harmony with EI-Gindy et al. (2001).
WUE was also affected by dripline spacing and its values were 0.31, 0.32,
and 0.42 kg/m® for ranges of 04 — 0.6, 0.8 — 1.0, and 0.6 — 0.8 m,
respectively. Obviously, onion vyield increased by decreasing driplines
spacing but the optimum WUE was at 0.6 — 0.8 m dripline spacing.

It is worth to mention that the best onion yield (2.42 t/fed) was obtained
from 10 cm dripline depth and 0.4 — 0.5 m dripline spacing range under
VSL arrangement, which had low concentration and homogeneous salt
distribution, Fig (4). However, the lowest onion yield (0.52 t/fed) was
obtained from surface dripline and 0.8 — 1.0 m dripline spacing under
AL arrangement, which had high salt concentration near root zone, Fig.

(7).

Onion yield under treatments with underneath PE foil, Table (2)
shows the onion vyield as affected by factors under investigation and their
interactions. Average onion yields were 1.1, and 2.4 t/fed at dripline spacings
of 0.9 — 1.2, and 0.3 — 0.6 m, respectively. These results are in agreement
with EI-Gindy et al. (2001). WUE was slightly affected by dripline spacing
ranges and its values were 0.35, and 0.36 kg/m® for dripline spacing ranges
of 0.3 - 0.6, and 0.9 — 1.2 m, respectively, Fig. (21). Obviously, onion yield
increased by decreasing dripline spacing range.

The interactions of (A x D x S), (A x S), and (D x S) were non
significant with underneath PE foil. This means that all of these factors
affect independently on onion yield.

Onion yield and water use efficiency (WUE) was affected by (depth x
arrangement) interaction. Obviously, increasing dripline depth from 10 to
25 cm increased onion yield and WUE in VSL driplines arrangement.
However, yield and WUE took an inverse trend with AL arrangement,
where they decreased with increasing dripline depth, because the soil
moisture limitation due to increasing dripline depth to 25 cm was the
reason of this case. These results are in agreement with Cote et al.
(2003).
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In addition, the efficiency of VSL arrangement was more pronounced in
case of 25 cm depth and dripline spacing 0.3 — 0.6 m, which gave onion
yield of 2.9 t/fed.

The highest onion yield with PE foil under VSL arrangement was (2.9

t/fed) obtained from 25 cm dripline depth and 0.3 — 0.6 m dripline spacing,

which had uniformed low concentration soil salt, Fig. (12). However, the
lowest one (0.82 t/fed) was obtained from 10 cm dripline depth and 0.9 —

1.2 m dripline spacing, due to the concentrated salt and located at the

surface near the onion root, Fig. (10), although it has soil moisture higher

than that in case of c. Increasing salt concentration was more pronounced
as limiting factor for yield than soil moisture, and this affected yield
because onion is less tolerant to soil salinity. These are in agreement with

Ayers and Westcott (1985).

SUMMARY AND CONCLUSIONS

e Concerning, AL arrangement, (2.9 t/fed) was obtained under surface
dripline depth and dripline spacing range 0.3 — 0.6 m, which had
(186.6 dSm-1) concentrated salt in the middle between the driplines
near the surface and far from the onion root zone, while the local root
zone soil salt concentration was 12 dSm-1, Fig. (17). On the other
hand, 25 cm dripline depth and 0.9 — 1.2 m dripline spacing gave
(1.08 t/fed) onion yield inspite of low soil salinity Fig., (15).
Consequently, the soil moisture limitation due to increasing dripline
depth to 25 cm was the reason of this case.

e Salt crust was obtained when the moisture at soil surface was more
than 10 % volumetric percentage under studied conditions.

e Best WUE for onion reached 0.5 kg/m? in the case of VVSL with 0.8 —
1.0 m spacing and 10 cm depth, under without underneath foil.

e The highest onion yield under VSL arrangement (2.9 t/fed) was
obtained from 25 cm dripline depth and 0.3 — 0.6 m dripline spacing
with underneath PE foil, which had uniformity low salt concentration
without high salt concentrated points.
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