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ABSTRACT: A field experiment conducted at Gilbana village, Southern EI-Qantara
Shark, North Sinai, Egypt. The aim of the study was to evaluate the role of olive mill wastewater
and some natural conditioners (farmyard manure and K-Feldspar) in improving sandy soail
properties. All the three used soil conditioners applied individually and in combination. The
experimental design was Randomized Complete Block Design and the cultivated plant was
sugarbeet. Results of the present study revealed that the application of all the studied
treatments decreased pH and EC values, while increased organic matter content, as well as
available N, P and K. On the other hand, such treatments increased microelements
concentration of the investigated soil. Importantly, the combined treatment (Olive mill
wastewater + Potassium feldspar + Farmyard manure) had the most effective treatment in the
present study. Therefore, the application of such treatment to sandy soils is necessary to
improve its properties.
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INTRODUCTION

Olive mill wastewater (OMWW) is the liquid by-product generated during
olive oil production (Mekki et al., 2013). This by-product has a critical
environmental problem for the most olive oil producing countries. The problem
concern to its large volumes, salinity, low pH, high organic load and toxic and
phytotoxic compounds, such as polyphenol (Di Bene et al., 2013; Chaari et al.,
2014).

The additions of the olive—mill waste as an organic amendment can
improve soil quality and hence mitigate the negative environmental and
agronomic limitations of these soils (Lopez-Pineiro et al., 2008). These wastes
contain high percentages of organic matter and a vast range of plant nutrients
that could reused as fertilizers for sustainable agricultural practices (Roig et al.,
2006; Abu Khayer et al., 2013). Also, OMWW application has found to have
significant effects on the soil's physical, chemical and biological properties
(Saadi et al., 2007; Mechri et al., 2008; Jarboui et al., 2008; Lopez-Pineio et al.,
2008; Kavvadias et al., 2010).

Mahmoud et al. (2010) found that the saturated hydraulic conductivity
decreased by long-term application of untreated olive mill wastewater, while the
soil disposition to water repellency increased. Olive mill wastewater enhanced
the total organic content in the soil and increased total extracted carbon,
humified organic carbon, available phosphorus and potassium (Montemurro et
al., 2011).
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Compost farmyard manure with Olive mill wastewater caused a
decrease in soil bulk density compared to using olive mill wastewater by
approximately 11% (Abd- El Aziz and Mousa, 2017). Compost farmyard
manure with olive mill wastewater increased organic matter content more than
compost farmyard manure only, and compost farmyard manure was more
effective than olive mill wastewater (Abd- El Aziz and Mousa, 2017; Al-Widyan
et al., 2005; Paredes et al., 2005).

Feldspar is by far the most abundant range of minerals in the earth's
crust, forming about 60% of the earth's rocks. Most deposits provide sodium
feldspar as well as potassium feldspar and mixed feldspar. Feldspar primarily
used in industrial applications and is used as a soil conditioner. Wahba and
Darwish (2008) found that feldspar and compost, individually or mixed,
increase the available potassium content in sandy and calcareous soils.

The objective of this present study is to evaluate the role of olive mill
wastewater, K-feldspar and farmyard manure as natural soil conditioners in
improving sandy soil properties in Gilbana village, southern El-Qantara- shark,
North Sinai, Egypt. The effect of the treatments on sugarbeet productivity will
illustrated in another paper.

MATERIALS AND METHODS

A field experiment conducted at Gilbana village, Southern El-Qantara
Shark, North Sinai. The studied area is located at latitude 30° 52" 16.8” N and
longitude 32° 19" 55.2"" E, and altitude 6 m (ASL). Map (1) shows the location
of Galbana village, south of Al-Qantara Shark area, Egypt. Some physical and
chemical characteristics of the experimental soil samples presented in Table
(1).The other agronomic practices for sugarbeet -cultivation done as
recommended at the appropriate time. The experimental design was the
Randomized Complete Block design with three replications and the
experimental treatments were as follows:

1 - Control (without any conditioner application).

2 - Olive mill wastewater (12.6 m®/fed.).

3 - Potassium feldspar (15 ton/fed.).

4 - Farmyard manure (15 ton/fed.).

5 - Olive mill wastewater (12.6 m°/fed.)+ Potassium feldspar (15 ton/fed.).

6 - Olive mill wastewater (12.6 m®fed.)+ Farmyard manure (15 ton/fed.).

7 - Potassium feldspar (15 ton/fed.) + Farmyard manure (15 ton/fed.).

8 - Olive mill wastewater (12.6 m*/fed.) + Potassium feldspar (15 ton/fed.) +
Farmyard manure (15 ton/fed.).

The conditioners in the combined treatments added at the same rates
previously mentioned as the individual ones. The data in Table 2 illustrates
some chemical characteristics of such conditioners.
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Map (1). Location of Gilbana village, southern El-Qantara Shark area.

The sugar beet plant as test crop harvested after 180 days from sowing
date (May 20, 2017). Soil samples representing all treatments taken from two

depths; i.e., surface layer (0-30 cm) and subsurface layer (30-60 cm) then
prepared for analysis.
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Table (1). Some chemical and physical characteristics of the experimental soil

EC |Ca™ | Mg | Na" | K" COs™+ HCOy CI | SO4™ | SAR | MAR | SSP |ESP| PI | KR
Soil depth (cm) PH dSm™ Soluble Cations (meg/l) Soluble anions (meq/l) - - % - -
(0:30) 795 | 298 | 7.44 | 3.67 |18.20|0.67 10.00 11.00| 8.80 | 7.72 | 33.0 | 60.7 | 9.2 |0.73|1.64
(30:60) 765 | 284 | 860 | 4.30 | 14.90 |0.55 8.00 17.60| 2.80 | 587 | 33.3 | 52.6 [6.88(0.64|1.16
Table (1). Cont....
N P K | Cu Fe | Mn | Zn CaCoO; o.M Ks MWD | GMD | Texture Cr
Soil depth (cm) mg/kg % % cm/day mm mm -
(0:30) 224 |11.6| 64 |0.08| 1.34 |1.62| 0.28 7.43 0.07 100 0.35 0.3 | SAND | 1.48
(30:60) 196 |10.4| 60 |0.07| 1.13 |5.95| 0.28 6.29 0.03 118 0.34 0.3 | SAND | 1.40
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Table (2). Some chemical characteristics of the tested conditioners

Parameters oMWW K-Feldspar | Farmyard manure
pH 3.86 7.58 8.00
EC, dS/m 15.63 2.54 12.82
0C,% 19.7 - 16.5
OM, % 33.96 - 28.45
CaCOs;, % - 14.28 28.57

Total Elements(mg/kg)

N 560 350 11340
P 179.3 73.5 52.55
K 18300 4675 25500
Ca 4890 9532.5 10230
Mg 679.3 3580 3482
Fe 405.4 14898 1565
Mn 43.25 455.25 195.3
Cu 35.55 42175 32.31
Zn 25.06 132.6 48.69

Soil analysis
Soil physical characters:
The soil samples taken from each treatment after harvesting and

analyzed for the following properties:

« Soil particle density (Mg/m®) using the Pycnometer method (Carter and
Gregorich, 2008).

« Soil bulk density (Mg/m?) using the soil core method (Carter and Gregorich,
2008).

e Mean weight diameter (MWD) according to Dimoyiannis (2009) method
using the following equation:

MWD =" fxd, (1)
i=1

Where: di is the mean diameter of any particular size range of aggregates
separated by sieving (mm), and fi is the weight of aggregates in that size
range as a fraction of the total dry weight of soil used (%).

e Geometric mean diameter (GMD) according to the method of Shirazi and
Boersma (1984)using the following equation:

GMD = EXP {Z fiXIOgdi} (2)
i=1
e Structure coefficient (Cr) as described by (Pieri, 1992) using the following
equation:
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weight of particls >0.25mm

Cr= )

weight of particles <0.25mm

e Permeability index (Pl) as calculated by the method suggested by
Domenico and Schwartz (1990) as follows:

y -
P Na w]HCO3 (@)

Ca2++Mg2+ +Na+

Where the ion concentrations are in meq/l
o Kelley’s ratio (KR) as described by Kelley (1963) as follows:

Na”
= C 2+ 2+ (5)
a” +Mg
e Soil water retention at 0.0, 0.1, 0.33, 1, 5, 10, and 15 bar was measured
using pressure cooker device and pressure membrane apparatus and soil
water constants (FC, PWP and AW) deduced from the values of soil moisture

content percentage at different pressures according to van Genuchten’s
model (Van Genuchten, 1980):

6=0 + L@)m (6)
[1+(ah)" ]
Where:

h is the matric suction (cm),

0 is the volumetric water content (cm® cm™),

0 is the saturated water content (cm® cm),

0, is the residual water content (cm® cm™),

a is a parameter, the inverse of which, 1/q, is an indication of the suction at the
air-entry point (cm™), and

n and m are the dimensionless parameters related to the homogeneity of the
pore size distribution.

The experimental data for soil water retention fitted to van Genuchten’s model
with optimization software RETC (Van Genuchten et al., 1991).

e Soil saturated hydraulic conductivity (Ks) was determined using
undisturbed soil cores under constant water head in the laboratory following
the method recommended by Klute (1986). Darcy’s equation used to
calculate the (Ks) value (Richard, 1954).

Soil chemical characters:

e Soil pH, Electrical Conductivity (dS/m), soluble cations (meq/l), soluble
anions (meg/l), total calcium carbonates (%), and organic matter (%)
were determined according to the methods outlined in Carter and Gregorich
(2008).
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e Magnesium Adsorption Ratio (MAR) was calculated by the following
formula (Richards, 1954; Eaton, 1950):

2+
MAR- — & 100 (7)
Ca” +Mg
Where: Na*, Ca®* and Mg?* contents of soil solution expressed in meq/l.
e Sodium Adsorption Ratio (SAR) as calculated by the following formula
(Richards, 1954):

SAR= —— N3 8)

Ca2+ +Mg2+
\I 2

e Soluble Sodium Percentage (SSP) was calculated by the following formula
(Richards, 1954):

SSP: +Na >2<+100 - (9)
Na +Ca™ +Mg
e Exchangeable Sodium Percentage (ESP) was calculated by the following
formula (Richards, 1954):

Epgp _ (0-0126+0.01475xSAR)*100 (10)

1+(-0.0126+0.01475%<SAR)

¢ Soil available nutrients: Soil available macronutrients (N, P and K) and soil
available micronutrients (Fe, Mn, Cu and Zn) were determined as follows.

¢ Available nitrogen content (mg/kg): The soil sample was extracted by 2M
KCI (1:20), available N was determined in soil extract by using micro-
Kjeldahl method described by Paech and Tracey (1956).

e Available phosphorus content (mg/kg): Available phosphorus extracted
with 0.5 M NaHCOj; solution and adjusted to pH 8.5 according to Olsen et al.
(1954) and determined by ascorbic acid molybdenum blue method according
to Jackson (1973).

¢ Available potassium content (mg/kg): available K extracted by ammonium
acetate (1N of pH 7.0) and determined by flame photometry according to
Jackson (1973).

e DTPA-extractable micronutrients: Ten grams of air-dried soil sample
shaken with 20 ml of extracting solution (0.005 M DTPA + 0.01 M calcium
chloride + 0.1 M TEA, pH 7.3) for two hours. The soil suspension filtered
using Watman No. 42 filter paper and the contents of Fe, Mn, Cu and Zn
measured by atomic absorption spectrophotometer (Lindsay and Norvell,
1978).

El-Salam Canal irrigation water

Chemical analysis data of the applied irrigation water presented in Table
(3). It is clear that such water having pH value of 7.23, which mean that it
enriched with soluble alkaline ions. It is also having EC value of 2.60 dS/m
and SAR value of 5.75, which mean that, it is in the safe side (less than 10)
according to Ayres and Westcot (1985).

74
Vol. (3).No 2, 2019




Alex. J. Soil and Water Sci. (Fac. Agric. Saba Basha)

Table (3). Chemical analysis data of the applied irrigation water

Parameters values
pH 7.23
EC (dS/m) 2.60
Soluble cations(me/l)
Na* 8.20
K* 3.50
Ca™ 13.90
Mg** 0.43
Soluble anions(me/l)
COj5~ 0.00
HCO3 6.00
Cr 15.20
SO, 4.80
SAR 5.75
MAR 29.91
SSP (%) 53.40
ESP (%) 6.73
PI 0.64
KR 1.19

RESULTS and DISCUSSION

1. Effect of olive mill wastewater and natural conditioners on the tested
soil physical properties:

Data in Table (4) illustrated the effect of the applied soil amendments on
some physical properties of the soil surface layer. There are no significant
differences between treatments on soil bulk density (BD). It can notice
significant differences in soil saturated hydraulic conductivity (Ks) and Mean
weight diameter (MWD) with LSD equal to 16.82 and 0.0368, respectively. The
combined treatment (Olive mill wastewater + Potassium feldspar + Farmyard
manure) was the best in this concern, where it showed the lowest Ks value
(12.8 cm/day) and the highest MWD value (0.42 mm). Geometric mean
diameter (GMD) and Rate of disintegration conducted slight significant
differences with LSD 0.0301 and 0.0228, respectively. In addition, the
combined treatment (Olive mill wastewater + Potassium feldspar + Farmyard
manure) showed the highest GMD value (0.33 mm). The structure coefficient
(Cr), Permeability Index (PI) and Kelley’s ratio (Kr) showed a non-significant
difference with LSD equal to 0.40, 0.16 and 0.67, respectively. The combined
treatment (Olive mill wastewater + Potassium feldspar + Farmyard manure)
showed the highest Cr value (1.90), while it showed the lowest values in Pl and
Kr equal (0.51 and 0.55), respectively. Hunt and Gilkes (1992) reported that,
for optimum movement of air and water through the soil, it is generally
desirable to have soil with a low bulk density (<1.5 g/cm?®).
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With respect to the physical properties of soil subsurface layer (Table 5),
it can be notice that all the studied parameters took the same trends previously
mentioned for soil surface layer, except that Ks showed slight significant
differences and Rate of disintegration showed non-significant.

Table (4). Some physical properties for surface layer of the studied soil as
affected by the applied soil conditioners

BD

K

MWD

GMD

Rate of

. .
Treatments glcm®] (cm/day) | (mm) | (mm) Cr disintegration Pi | Kr
Control (T1) 1.56 | 78.17 0.34 | 0.29 |1.42 0.023 0.70| 1.28
OMWW (T2) 1.56 | 30.87 0.33 | 0.29 |1.43 0.058 0.69| 0.98
K- Feldspar (T3) 1.58 | 54.23 0.41 | 0.32 |1.76 0.044 0.73| 1.29
FYM (T4) 145 | 22.67 0.36 | 0.30 |1.70 0.047 0.59| 1.10
OMWW+K- Feldspar(T5) 1.56 | 45.37 0.41 | 0.33 |1.85 0.069 0.59 | 0.60
OMWW + FYM (T6) 1.55 | 34.33 0.37 | 0.31 |1.77 0.033 0.63 | 0.89
K-Feldspar + FYM (T7) 1.55 | 30.60 0.39 | 0.32 |1.71 0.039 0.64| 1.04
OMWW+ K-Feldspar+ FYM (T8) | 1.53 12.80 0.42 | 0.33 |1.90 0.044 0.51| 0.55
LSD(0.05) 0.12™| 16.82 0.04 | 0.03 D.40™ 0.023 0.16°(0.67™

**: significant difference at 0.01

*: significant difference at 0.05 ns: non-significant

Table (5). Some physical properties for subsurface layer of the studied
soil as affected by the applied soil conditioners

Treatments BD Ks MWD | GMD Cr Rate of Pi Kr
(g/lcm3) | (cm/day) | (mm) |(mm) disintegration

Control 1.57 110.93 0.32 | 027 | 1.18 0.071 0.70 | 1.43
oMWW 1.56 36.47 0.33 | 0.28 | 1.31 0.039 0.70 | 0.97
K- Feldspar 1.58 79.00 0.37 | 0.30 | 1.49 0.039 0.75 | 1.19
FYM 1.44 45.80 0.35 | 0.29 | 1.51 0.047 0.66 | 1.11
OMWW+K- Feldspar 1.56 69.83 0.38 | 0.31 | 1.56 0.065 0.71 1.05
OMWW+ FYM 1.55 34.93 0.35 | 0.29 | 1.52 0.034 0.72 | 1.32
K-Feldspar + FYM 1.55 4517 0.38 | 0.31 | 1.54 0.029 0.70 | 1.26
?WV WHK-Feldspart |4 55 | 2710 | 040 | 032 1.69 0.030 065 | 0.95
LSD(0.05) 0.12ns 0.40* 0.03** | 0.02* |0.31ns 0.03ns 0.14ns |0.63ns

The OMWW significantly increased the water retention capacity of the

soils in all treatments (Table 6). This effect can be notes from the shape of the
WRC, primarily in the low suction range. The high organic matter content in
OMWW significantly improved the soil water-holding capacity, despite
significantly reducing the large macro pore percentage. Table (6) shows the soil
moisture constants for all treatments. The significant reduction of large soil
pores found with OMWW amendment because of the higher organic matter and
salt content of these liquid wastes, which blocked large-sized pores (Mahmoud
et al., 2010). It is also apparent that fluctuation in soil-water retention capacity
among different treatments resulted from the aggregation effects of OMWW
application on pore size rather than from other factors; hence, this fluctuation
mainly affected by soil structure (Gharaibeh et al., 2007).
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Table (6). The soil moisture constants as affected by treatments

Surface layer Subsurface layer
Treatments 0-30cm 30-60cm
9, efc es er efc es

cm*cm® | em®cm® | em¥em® | cm¥em® | em®icm® | ecm®em?®
Control 0.018 0.107 0.339 0.017 0.104 0.339
OMWW 0.022 0.131 0.352 0.020 0.103 0.352
K- Feldspar 0.025 0.168 0.404 0.021 0.155 0.404
FYM 0.038 0.183 0.419 0.035 0.127 0.419
OMWW+K- Feldspar 0.030 0.159 0.355 0.021 0.118 0.355
OMWW+ FYM 0.041 0.205 0.469 0.032 0.146 0.469
K-Feldspar + FYM 0.042 0.198 0.456 0.035 0.127 0.456
OMWW+ K-Feldspar+ FYM 0.043 0.210 0.540 0.052 0.174 0.540
LSD (0.05) 0.011** | 0.037** | 0.076* | 0.011** 0.042* 0.076ns

Table (7) show the available water for all treatments in surface and
subsurface layers. The treatment T8 (OMWW+ K-Feldspar+ FYM) illustrated
the highest available water content in the surface and subsurface layers, which
equal to 17.03% and 13.16 cm/100 cm, respectively. Avoiding environmental
seriousness and producing good quality crops requires utilizing natural
byproducts, which became necessity. One way of improving the quality of
applied wastes is composting, which yields an excellent product due to the
accumulation of humus as substances produced from the biochemical process
that takes place during composting (Rivero et al., 2004).

Table (7). Available water as affected by treatments in surface and
subsurface layers

Treatment Available water (cm/100 cm depth)
Surface layer Subsurface layer
Control 8.85 8.77
oMWW 10.88 8.30
K- Feldspar 14.30 12.00
FYM 12.84 9.80
OMWW + K- Feldspar 12.90 9.27
OMWW + FYM 16.45 10.38
K-Feldspar + FYM 15.51 7.56
OMWW+ K-Feldspar + FYM 17.03 13.16
LSD(0.05) 3.29** 4.01*

2. Effect of olive mill wastewater and natural conditioners on the tested
soil chemical properties:
2.1. Soil pH, EC and soluble ions

Data presented in Tables (8 and 9) showed that the soil pH values
ranged between 7.14 to 7.92 and 7.0 to 7.8 in surface and subsurface layers of
the investigated soil respectively. It is clear that the application of all treatments
reduced the soil pH values where the lowest value was associated with
farmyard manure and OMWW treatments. This reduction may be due to the

77
Vol. (3).No 2, 2019




Alex. J. Soil and Water Sci. (Fac. Agric. Saba Basha)

various acids or acid-forming compounds released from the added organic
material.

Regarding EC values, it is clear that remarkable changes were obtained
due to the applied treatments, where the variations not more than a unit of
dS/m. In addition, the values of soil salinity lie in slightly to moderately salinity
classes according to Richards (1954). The lowest EC value obtained with
Potassium feldspar treatment as it reached 1.05 and 0.94 dS/m for surface and
subsurface layers of the investigated soil, respectively. The positive effect of
Potassium feldspar on EC values reflects its role in improving physical
properties of the investigated soil as found in this study (Tables 8 & 9), therefore
salts of soil would easily leached out. Rinaldi et al. (2003) reported that soil
application of OMW could increase soil electrical conductivity. Therefore,
periodically monitoring of soil salinity (EC) and developing a proper irrigation
management strategies are required to minimizes the adverse effects of salt
accumulation on soil quality and plant growth (Azam et al., 2002). Data in the
same tables also indicate that the soluble soil cations and anions favorably
affected by all the applied treatments. The application of the potassium feldspar
treatment showed the highest reduction in both soluble Na+ and soluble CI-
values compared with the other treatments. As the decrement rate of such
values under the control reached (19.57, 15.28 %) and (39.01, 13.72 %) for
surface and subsurface layers of the investigated soil respectively.

2.2. Total calcium carbonate and organic matter content

Data in Tables (8 and 9) indicated that soil total calcium carbonate
content favorably affected by all the applied treatments and the combined
treatment (Olive mill wastewater + Potassium feldspar + Farmyard manure)
was the best treatment. The rate of decrement under the control due such
treatment reached 52.81 and 15.18% for surface and subsurface layers of the
investigated soil, respectively. The amendments application remarkably
increased soil organic matter content as compared to the control treatment.
The highest organic matter values obtained with the combined treatment of
(Olive mill wastewater + Farmyard manure) as the rate of increment over the
control reached 2700 and 2675 % for soil surface and subsurface layers
respectively. The positive effect of such treatment on increasing soil organic
matter content may be due to the higher organic carbon content in these
materials, Table (2). These results are in a good agreement with those
obtained by Speir et al. (2004) who found that the application of organic
amendments led to increase in the total organic carbon of soil.
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Table (8). Some chemical properties for surface layer of soil as affected by the applied conditioners

Treat ¢ " EC Soluble Cations (me/l) Soluble anions (me/l) CaCoO3 OM (%
reatments P dsim [ ca Mg Na K HCO3 cL S04 (%) (%)
Control 7.71 1.28 2.14 3.12 7.05 0.49 2.85 7.26 2.70 12.19 0.11
oMWW 7.41 1.16 3.60 1.94 5.35 0.72 4.85 5.55 1.21 12.19 0.7967
K- Feldspar 7.94 1.05 3.37 1.14 5.67 0.32 2.96 6.18 1.37 9.527 0.12
FYM 7.14 2.38 6.14 2.87 9.92 4.92 2.19 10.06 11.59 8.193 2.4533
OMWW+K- Feldspar 7.75 1.39 4.77 1.73 3.90 3.50 4.98 7.58 1.35 9.903 0.3133
OMWW+ FYM 7.43 2.47 4.86 5.72 9.32 4.76 10.50 9.78 4.39 6.663 3.0867
K-Feldspar+ FYM 7.33 2.24 6.35 1.75 8.37 5.98 8.11 9.95 4.39 7.05 2.5333
OMWW+K-Feldspar + FYM 7.20 2.39 7.39 4.08 5.93 6.50 11.13 9.06 3.72 5.713 2.77
LSD(0.05) 0.22** | 0.68** | 2.27* | 1.88* | 5.89ns | 2.44* | 243* | 3.99ns | 2.28* 3.21* 0.65**
Table (9). Some chemical properties for subsurface layer of soil as affected by the applied conditioners
EC Soluble Cations (me/l) Soluble anions (me/l) CaCoO3
Treatments PH | asim [ ca Mg Na K HCO3 cL S04 (%) | M%)
Control 7.62 1.42 2.63 3.15 8.05 0.37 4.64 5.76 3.79 8.76 0.08
OMWW 7.29 1.03 2.95 1.91 4.68 0.70 4.07 5.20 0.98 12.38 0.42
K- Feldspar 7.87 0.94 2.82 1.38 4.91 0.28 3.47 4.97 0.96 10.29 0.10
FYM 7.04 1.94 5.22 3.05 9.06 2.06 5.98 7.17 6.25 7.05 1.74
OMWW+K- Feldspar 7.59 1.21 3.97 1.41 5.70 1.02 4.65 6.18 1.27 8.00 0.16
OMWW + FYM 7.34 2.50 5.43 3.71 11.78 4.08 11.27 10.31 3.42 8.76 2.22
K-Feldspar + FYM 7.22 1.88 4.31 3.24 9.41 1.87 6.52 8.95 3.36 10.67 2.06
OMWW +K-Feldspar +FYM 7.12 2.19 5.42 4.80 9.68 2.00 9.96 8.49 3.46 7.43 1.82
LSD(0.05) 0.20** | 0.53** | 1.79* 2.22* 3.64* 1.91* 2.27* 3.27* 3.05* 7.52ns | 0.37**
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Magnesium Adsorption Ratio (MAR) and Soluble Sodium Percentage
(SSP) showed slight significant differences with LSD 21.851 and 17.951 for the
surface layer, while they showed non-significant differences for the subsurface
layer with LSD 26.511 and 12.991, respectively. The control treatment showed
the highest percentages for both layers for MAR and SSP. Sodium Adsorption
Ratio (SAR) and Exchangeable Sodium Percentage (ESP) showed non-
significant differences for the surface layer with LSD 2.80 and 4.17,
respectively, and the same for a subsurface layer but different LSD values
(2.0722 and 3.0859), respectively. For the surface layer, the highest
percentages occurred with T4 for SAR and ESP (4.68% and 5.7%), while the
lowest percentages occurred with T5 (2.17% and 1.96%), respectively. For
subsurface layer, T2 showed the lowest percentages for SAR and ESP 3.01%
and 3.21%, and T6 showed the highest percentages (5.57% and 7.02%),
respectively. Table (10) represent SAR, MAR, SSP and ESP analysis for
surface and subsurface layers, respectively. Lopez-Pineiro et al. (2008)
reported that using olive mill wastewater as an organic amendment decrease
the negative environmental; enhance soil quality and agronomic limitations of
these soils.

Table (10). Influence of olive mill wastewater and the natural conditioners
on some chemical properties of the studied soil for surface
and subsurface layers

Surface layer Su-surface layer
Treatments MAR | SSP | ESP MAR | SSP | ESP
SAR 1 (w) | () | ) [SAR | (%) | (%) | (%)

Control 4.22 | 59.97 [ 53.35 | 5.01 | 4.79 |54.44|53.43| 5.87
oMWW 3.23 | 36.11 | 46.32 | 3.53 | 3.01 | 38.61[45.43| 3.21
K- Feldspar 3.81 | 26.39 | 54.09 | 441 | 3.40 | 31.67 [52.44| 3.79
FYM 4.68 | 32.07 [ 4116 | 5.70 | 4.46 |35.81)|47.55| 5.37
OMWW + K- Feldspar 217 | 2714 | 2790 | 1.96 | 3.46 [26.55[46.90| 3.89
OMWW + FYM 4.09 | 5299 [ 38.11 | 4.82 | 5.57 |39.02]|46.64| 7.02
K-Feldspar + FYM 418 | 21.20 [ 3467 | 4.96 | 4.86 |42.99|50.14| 5.96
OMWW+ K-Feldspar + FYM 254 | 3615|2425 | 252 | 4.29 |47.08 |44.24| 5.12
LSD(0.05) 2.80ns|21.85* | 17.95* |4.17ns |2.07nsP6.51ng12.99ng 3.08ns

2.3. Available nutrient contents

Data in Tables (11 and 12) indicate the effect of the applied
amendments on available nutrients of soil surface and subsurface layers. The
results showed significant differences for all the rated nutrients. With respect to
increasing the availability of N, P and K, it is clear that the combined treatment
(Potassium feldspar + Farmyard manure) was the best in this concern. As the
values of such elements reached (420 and 294 mg/kg), (188 and 139 mg/kg),
(558 and 424 mg/kg) for N, P, K in the surface and subsurface layers,
respectively. Farm manure increased P and K content in soil significantly while
it had not effect on N content (Igbal et al., 2005). Data in the same tables
indicated that the available Fe, Mn, Zn and Cu in soil increased by the
application of all the studied experimental treatments to the soil. The highest
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rate of increment in such elements was associated with the combined
treatment (Olive mill wastewater + Potassium feldspar + Farmyard manure) as
the rate of increment over the control reached (617.96 and 579.84 %), (884 and
735.33 %), (661.22 and 272.5 %), (520 and 600 %) for Fe, Mn, Zn, Cu in soil
surface and subsurface layers respectively. The positive effect of the applied
amendments on increasing the availability of all these nutrients may be due to
the higher initial content of these nutrients in the applied amendments or due to
its role in decreasing soil pH values Table (4). This reduction in soil pH
increased the availability of soil nutrients, especially the micronutrients for the
cultivated plant. OMWW and FYM contain nutrients and other compounds that
might be beneficial to the soil fertility and productivity (Belagziz et al., 2008;
L opez-Pi"neiro et al., 2011). This is particularly important for the soil of the arid
and semi-arid regions where low fertility, low nutrient availability, and
productivity as well as low microbial activity and microbial biomass levels
characterize the soil. This is due to low content of organic matter and low level
of essential nutrients for the plant growth. Furthermore, soils of the semi-arid
region are vulnerable to erosion and degradation due to poor soil structure
because of lower organic matter content (Zhang et al., 2014).

Table (11). Available nutrients content in surface layer of the studied soil
as affected by the applied conditioners

Available macro-nutrients Available micro-nutrients
Treatments (mg/kg) (mg/kg)
N P K Fe Mn Zn Cu
Control 252.00 | 14.90 68.00 1.67 1.75 0.49 0.055
OMWW 317.30 | 23.60 106.00 1.67 6.87 0.55 0.095
K- Feldspar 308.00 | 13.70 69.33 1.72 3.03 0.54 0.059
FYM 392.00 | 180.67 | 499.33 6.35 14.69 2.40 0.428
OMWW + K- Feldspar 317.30 | 28.27 179.33 4.22 9.17 0.75 0.136
OMWW + FYM 420.00 | 188.00 | 558.00 | 10.08 | 13.06 2.40 0.400
K-Feldspar + FYM 382.70 | 177.03 | 616.67 5.86 13.93 1.71 0.246
OMWW+ K-Feldspar + FYM | 420.00 | 175.47 | 615.33 | 11.99 | 17.22 3.73 0.341
LSD(0.05) 36.43** | 28.32** | 208.56** | 0.81** | 2.61** 0.34** 0.10**

Table (12). Available nutrients content in subsurface layer of the studied
soil as affected by the applied conditioners

Available macro-nutrients Available micro-nutrients
Treatments (mg/kg) (mg/kg)

N P K Fe Mn Zn Cu

Control 238.00 13.83 64.67 1.29 1.67 0.40 | 0.06
OMWW 280.00 18.40 88.00 1.49 5.49 0.58 | 0.09
K- Feldspar 280.00 10.53 63.33 1.68 2.33 0.48 | 0.08
FYM 317.33 136.27 256.00 414 11.19 1.41 0.25
OMWW + K- Feldspar 275.33 21.53 102.67 3.78 7.76 0.70 | 0.17
OMWW + FYM 294.00 139.30 424.00 8.01 10.52 1.65 | 0.38
K-Feldspar + FYM 303.33 121.57 258.00 4.08 11.46 1.54 | 0.32
OMWW+ K-Feldspar + FYM | 298.67 132.30 304.00 8.77 13.95 149 | 042
LSD(0.05) 31.48* 31.99* | 125.12** | 2.23** 3.80"* |0.34**| 0.18*
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CONCLUSION

Olive mill wastewater (OMWW) contains many nutritive elements, which
could improve the agricultural production. The OMWW considered as a fertilizer
material for crop cultivation. Furthermore, OMWW does not present any risks
for the soil salinity; in addition, it generates an improvement of some physical
and chemical soil properties.

The results of this study confirmed the ability of olive mill wastewater
when used alone to improve the properties of sandy soil and compensate the
deficiency of its nutrients. Moreover, when the soil treated with mixtures of olive
mill wastewater and potassium feldspar or farmyard manure gave the highest
reduction in salinity. It indicated that the application of the combined treatment
(Olive mill wastewater + Potassium feldspar + Farmyard manure) resulted in
the best treatment. Therefore, the application of such treatment to sandy soils
is necessary to improve its physical and chemical properties. The application of
olive mill wastewater to a sandy soil can used as an economic and simple
alternative for disposal methods of such material. The use of each material in
the present study is easily producible, biodegradable, and less expensive and
cause no environmental hazards to human health. These products will be
ecologically safe and culturally more acceptable among farmers.
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