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Abstract Soil salinity and water table depth are the most effective factors on soil features and
crop productivity. The close relationship between salinity and water depth on soil
characteristics, and maize productivity under foliar application of potassium silicate were
investigated. The results showed that soil salinity and water table death in the studied sites were
ranges between 1.27 to 5.30 dS.m™ and <65cm to <90cm, respectively. Also, pH, EC and total
N in water table were ranged between 7.64 to 8.3, 5.80 to 9.80dSm™ and 25.5 to 56.40mg.I?,
respectively. Also, soil pH, OM and CEC, CaCO; and ESP in the successive layers of the
studied soil profiles were fluctuated between 7.02 to 7.71, 0.20 to 0.84 % ,3.80 to 8.0 cmol. kg
1 1.21 to 2.81% and 7.5 to 14.16%, respectively. On the other side, the field capacity (FC),
saturated hydraulic conductivity (Ksat) and bulk density (Bd) were ranged between 13 to
14.5% ,4.20 to 7.50 cm.h, and 1.55 to 1.70 Mg m=, respectively. Addition that water table
depth (<65cm) in saline soil (>4 dSm™) reduced grain yield and chemical composition of
maize as compared to water table depth (<90cm) in non-saline soil (< 4 dSm™). Foliar
application of potassium silicate gave a significant increase in the chemical composition and
grain yield of maize grains. Nitrogen, phosphorous, potassium and crude protein were ranged
between 1.25 to 2.11 %, 0.20 to 0.32 %, 1.10 to 1.63 % and 8.13 to 13.90 %, respectively.
Maize yield ranged between 2033 to 2313 kg.fed™. The highest values were observed at non
saline soil under 4% potassium silicate as compared to saline soil without application of
potassium silicate. So, it was considerable that the potassium silicate can limited the side effect
of soil salinity and water table.
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Introduction

Irrigated agriculture in arid and semiarid locations has been plagued by
salinity and waterlogging issues that endanger land sustainability as a result of
rising water table depths or irrigation water overuse (Chhabra, 2005). Soil
salinity in arid and semi-arid regions with a saline shallow water table is a
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serious problem. This is affected by soil quality of irrigation water and water
table depth. The influence of water depth is due to its impact on capillary rise;
the shallower the depth, the greater the contribution of groundwater to
salinization (Jalili et al., 2011). Previous studies have shown the reliance on
water table depths of surface evaporative fluxes (Kamai and Assouline, 2018).
Poor management of soil and water, inadequate drainage, and water table depth
are effective factors causing accumulation of salts in soil which lead to un
suitable media for plant growth and productivity (Schwabe et al., 2006). The
rise of water table, poor irrigation and agronomic practices lead to water
logging and soil salinity due to the weak structure of saline soils; this results in
adverse soil water-air-plant connections and limited nutrient availability for
plants. Furthermore, salt stress has a negative impact on morphological and
physiological processes in plants due to osmotic and ionic stress, as well as
numerous biochemical reactions in plants (Semida et al., 2017). Capillarity-
induced flow pathways transport water from the water table to the soil surface
to supply the evaporative demand for shallow water tables (Tsypkin and
Shargatov, 2018). In particular, arid, semi-arid agricultural areas are vulnerable
to the effect of climate change on soil salinity, it’s very important to identify
patterns and formulating strategies for irrigation and crop management
(Corwin, 2020). Salinity is abiotic stress, reducing the growth and yield of
many crops (Abd El-Mageed and Semida, 2015). Salinity and water table can
have a major impact on plant growth, survival and productivity where the
effects depend on the period of saturated conditions, proportion of root zone
affected, the limitation on root elongation, the rate at which oxygen is depleted,
the effect on availability and nutrient uptake (El-Nashar, 2013). Changes in
salinity and sodium affect the physical and chemical properties of soils, which
subsequently alter nutrient availability (Wong et al., 2005).

Maize (Zea mays L.) is importance crop due to its nutritional content
especially because of the presence of high protein and also affected by soil
salinity and nutrients loss. Nitrogen (N) losses represent not only environmental
pollution but also additional economic costs to farmers. Increasing the nitrogen
fertilizers to excessive amount one of the primary causes for N leaching
(Zvomuya et al., 2003). Nutrient losses raise many environmental concerns
wherein it represents a decrease in the efficiency of the crop. Farmers often
apply N fertilizer in excessive amounts in an attempt to maximize yields. This
excessive N application results in a decrease in nitrogen use efficiency and
pollutes the adjacent water (Yoo et al., 2014). Crops differ in of their tolerance
of salinity. Maize (Zea mays L.) was thought to be moderately salt sensitive
(Carpici et al., 2010).
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Silicon (Si) is playing an important role against abiotic and biotic
stresses. For instance, Si is effective in alleviating abiotic stresses, including
salinity, drought, and temperature (Liang et al., 2008). Also, Ali et al. (2012)
found that foliar application of K-silicate has the potential to reduce the
negative effects of drought stress on crops. Salim (2014) observed that silicon
has a substantial role in enhancing growth and maize productivity as they are
beneficial nutrients under abiotic stress. The foliar application rates of
potassium silicate have many advantages for improving plant growth and yield;
and photosynthetic efficiency (Ahmad et al., 2013). Foliar application of
potassium silicate had a significant effect on plant height, dry weight, nutrients
and maize yield (Shedeed, 2018).

Problems with salinity caused by the presence of saline groundwater at
shallow depths are widely recognized as adversely affecting the irrigated soil
productivity, especially in arid and semi-arid regions. Further studies are
needed on the effect of both water table depth and salinity on soil properties
and productivity. The aim of this study was to investigate the synergistic effect
of water table depth and salinity on soil characteristics, and maize productivity
under foliar application of potassium silicate.

Materials and methods
Soil description

The experimental site was in a special farm at El - Rekabia, Damietta
governorate, Egypt. Four soil profiles were selected from the studied area
(40,000 m?) and described.

Agricultural experiment

The current experiment was conducted in the summer season of 2019 to
study the close relationship between both salinity and water depth on maize
yield (Zea mays L., cultivar single hybrid 131) under foliar application rates of
potassium silicate. Two sites were chosen to conduct the field experiments,
representing two levels of salinity; site 1(non-saline soil), EC < 4 dS m™ and
site 2 (saline soil), EC > 4 dS m™), each site represented by 2 soil profiles.
Water table depth (WTD) in the site 1; was < 90 cm; and WTD in site 2 was <
65. WTD was determined by observation graduated tape before planting
(Morrison, 1983). The application rates of potassium silicate (0, 2 and 4 %).
Four sites (each site was 10.50 m?) with three replicates were chosen for
represented the different levels of salinity and water table. Foliar sprays were
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applied every two weeks after planting until 90 days of the experiment. Liquid
potassium silicate (K, SiO3) contains: 26.6% K,O and 10.4% SiO3. Two seeds
were sow manually in each hole on two sides of the line, intra-hole spacing was
25 cm apart, irrigated immediately after sowing, then thinned to one plant in
each hole and irrigated regularly every 10 - 15 days by furrow irrigation on
small parallel channels which were create along the experimental areas. Cow
manure was added at 10 ton.fed™ (pH 6.88, EC 3.69 dSm™, OC 31.70 %, total
N 2.25 %, P 0.58% and K 0.63%). Mineral fertilizers were applied at each site
as follows; 120 N as a source of urea (46 % N). 200 kg.fed™ of calcium
superphosphate (15 % P,0s) was added during the preparation of soil.
Potassium sulfates (48.5 % K,0) were applied at rate of 50 kg fed™ K,0. After
harvesting, five plants were randomly chosen from each plot and prepared for
chemical analysis.

Soil and water analysis

Soil samples were collected from each site to determine the physical
and chemical properties. The particle size distribution was determined by
hydrometer method after dispersion with sodium hexametaphosphate as
described by Gee and Bauder (1986). The bulk density was determined
according to Grossman and Reinsch (2002) and calculated as:Bulk density =

_A;EZ;)' Total porosity (assumed particle density ps = 2.65 Mg.m™) was

calculated from bulk density (Bd), using the equation below: TP (%) = (1 —
z—j) x 100. Saturated hydraulic conductivity (Ksa)was determined by using

Darcy’s equation for analysis of constant head method, as described by Youngs

(2001), through the equation Ksat (cm/h) =%. where Q= Volume of

water passed through the column in cubic centimeter (cm®), L= Length of
the soil core in cm, H=Total height of the water column in cm, A = Cross-
sectional area of the inner side of the tube in cm? T= Time of flow in hour.
Soil pH was determined according to Thomas (1996). Cation exchange capacity
(CEC) was determined by method described by Sumner and Miller (1996).
Total soluble salts were determined used the method of Dellavalle (1992).
Organic matter (OM) was determined using dichromate wet oxidation method
as modified and described by Nelson and Sommers (1996). Exchangeable
sodium percentage (ESP) of the soil was calculated using Mohsen et al. (2009)

Exch bl di .
formula as follows: ESP = =< angec‘zceso ™ % 100. Calcium carbonate

content was determined using Collin’s calcimeter method (Jackson, 1973).
Water samples were collected during the agricultural season, filtrated using
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filter paper (No. 40) and subjected to chemical analysis according to the
methods described by Jackson (1973).

Plant analysis

The maize plants were harvested after maturity stage (120 days) and
determined of 100-grain weight (g); grain yield was determined for each plot
then converted to kg fed™. The N, P and K in grains samples of maize crops
were determined according to procedures described by Cottenie et al. (1982).
Grain protein concentration was then determined using the formula: Protein
concentration= % N x 6.25 (Amanullah and Shah, 2010). Irrigation water
analysis was given in Table 1. The statistical analysis was analyzed by
Statistical Package for Social Science (SPSS) version 20. Values were
presented as mean. Statistical Differences between treatments were performed
using one way ANOVA, the mean difference was significance at (P< 0.05)
level according to Levesque (2007).

Table 1. Analysis of irrigation water

pH EC Cations mmol, I Anions mmol, I'* SAR RSC Potential

ds.m* Ca™™ Mg™ Na* K’ CO; HCOs CI SO, salinity
753 143 320 1.80 8.70 049 0.00 5.60 7.20 1.39 5.51 0.80 7.90
Results

Morphological properties of the studied soil profiles

Profile 1 is described as follows: layer 0-30 is brown (10YR 4/3, moist)
to dark yellowish brown (10YR4/6, dry); loamy sand; single grains; friable; few
fine roots; weak effervescence with HCI; clear smooth boundary. Layer 30-60
is yellowish brown (10YR5/4, moist) to yellowish brown (10 YR5/4, dry);
sand; single grains; very friable; weak effervescence with HCI. Finally, layer
60-90 is yellowish brown (10YR5/4, moist) to yellowish brown (10 YR5/4,
dry); sand; single grains; very friable; weak effervescence with HCI.

Profile 2 is described as follows: layer 0-30 is brownish yellow (10YR
6/5, moist) to dark light gray (10YR7/2, dry); loamy sand; single grains; very
friable; very few fine roots; moderate effervescence with HCI; clear smooth
boundary. Layer 30-60 is light gray (L0YR7/2, moist) to very pale brown (10
YR7/3, dry); loamy sand; single grains; very friable; weak effervescence with
HCI; clear smooth boundary. Finally, layer 60-85 is dark gray (10YR4/1,

1245



moist) to dark yellowish brown (10 YR4/4, dry); loamy; single grains; friable;
moderate effervescence with HCI.

Profile 3 is described as follows: layer 0-20 is very dark grayish brown
(10YR 3/2, moist) to dark gray brown (10YR4/2, dry); sandy loam; single
grains; friable; few fine roots; weak effervescence with HCI; clear smooth
boundary. Layer 20-40 is yellow (10YR7/6, moist) to white (10 YR8/1, dry);
sand; single grain; very friable; weak effervescence with HCI; clear smooth
boundary. Finally, layer 40-60 is gray brown (10YR5/2, moist) to light
brownish gray (10 YRG6/2, dry); sand; single grains; friable; moderate
effervescence with HCI.

Profile 4 is described as follows: layer 0-20 is brownish yellowish
(10YR 6/6, moist) to very pale brown (10YR7/3, dry); loamy sand; single
grains; friable; few fine roots; weak effervescence with HCI; clear smooth
boundary. Layer 20-40 is brown (10YRA4/3, moist) to yellowish brown (10
YRS5/4, dry); loamy sand; massive; friable; weak effervescence with HCI; clear
smooth boundary. Finally, layer 40-65 is yellowish (10YR7/6, moist) to very
pale brown (10 YR8/2, dry); sand; single grains; loose; moderate effervescence
with HCI.

Chemical properties of the studied sites

Soil pH values of the studied soil samples is presented in Table 2. The
values are fluctuating between 7.02 to 7.71 in the successive layers of the
studied soil profiles.

Soil salinity expressed as EC is shown in Table 2 and illustrated in
Figures 1 and 2. Generally, it could be noticed that the values decreased with
depth. EC values ranged between 1.27 and 5.30 dSm™ in the successive layers
of the studied soil profiles. The data of cation exchange capacity (CEC) was
related to organic matter and clay content. The values were ranged between
0.20- 0.84 % for OM and 3.80 to 8 cmol, kg™ for CEC in the collected samples
of the studied soil profiles. On the other hand, it was noticed that there were
difference vertical distributions of CaCOj3 within the studied soil samples. The
values ranged between 1.21 to 2.81% in the successive layers of the studied soil
profiles.

As shown in Table 2 and illustrated in Figures 1 and 2 it can be noticed
that, ESP increased with depth in profile 1 and 2, while it took the opposite
trend in profile 3 and 4. Generally, the values were ranged between 7.5 to
14.16%.
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Table 2. Soil chemical characteristics of the studied sites

Parameters Non- saline soil (WTD< 90 c¢m) Saline soil (WTD< 65cm)
Profile 1 Profile 2 Profile 3 Profile 4
Depth cm Depth cm Depth cm Depth cm
0-30  30-60 60-90 0-30 30-60 60-85 0-20  20-40 40-60 0-20  20-40  40-65
pH 771 702 700 758 755 753 770 710 713 780 7.83 7.70
(1:2.5 soil

suspension)
EC dS.m™ 162 142 127 240 175 150 530 422 440 492 412 4.00

(1:2.5 soil
extract)
oM 064 055 050 042 035 028 038 025 020 082 0.80 0.42
%
CEC 800 620 500 580 550 6.00 550 450 4.00 540 4.60 3.80
cmolc kg™

CaCOs0 145 137 121 281 141 130 221 201 277 180 141 1.33
Field capacity 145 140 140 140 138 140 140 135 135 130 130 13.2

% 0 0 0 0 0 0 0 0 0 0 0 0
Ex. Na 060 055 060 080 070 090 075 060 050 060 0.50 0.50
cmolc kg™t
ESP % 7.50 8.87 12.0 13.7 12.7 14.1 13.6 13.3 12.5 11.1 10.8 131
0 9 2 6 3 3 0 1 7 6
Classification  Values Values
*
pH <8.50 <8.50
EC <4 >4
ESP <15 <15

*Classification of salt affected soil according to Richards (1954)
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Figure 1. Distribution of soil salinity (dSm™) and exchangeable sodium (Ex.
Na cmol. kg™*) at non-saline soil (profile 1 and 2)
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Figure 2. Distribution of soil salinity (dSm™) and exchangeable sodium (Ex.
Na cmol. kg™?) at saline soil (profile 3 and 4)

Physical characteristics of the studied sites

Soil particle size distribution is widely used in soil classification, as
well as its association with soil properties. The size particle distribution was
affected by depth, the fine particles in the surface layers were more than in the
sub surface layers (Table 3). Generally, the dominant texture in the studied soil
fluctuates between sandy loam to loamy sand. On the other side, the field
capacity (FC) percentage increased by increasing the clay content. The values
ranged between 13 to 14.5% in the studied samples. Also, the values of
saturated hydraulic conductivity are associated by soil bulk density and the total
porosity. It was noticed that hydraulic conductivity (Ksat) decreased with depth
and increasing soil salinity for all soil samples. The values ranged between
4.20-5.20 cm.h™ in non-saline soil and 7.50-6.20 cm.hin saline soil. Also,
there was a variation in the values of bulk density and total porosity in saline
soil compared with non-saline. The values of Bd were ranged between 1.55 to
1.65 Mg m™ in the successive layers of non- saline soil. While, the ranged
values were between 1.58 to 1.70 Mg m™ in saline soil. Also, the values of Bd
were affected by OM and sand fractions.

Characteristics of ground water before planting and water table depth of the
studied profiles during the agriculture period

The characteristics of water table i.e., pH, EC and total N were recorded
(Table 4). In non-saline soil, the pH values were 7.66 and 7.73 in the water
samples collected from profile 1 and 2, respectively. Moreover, EC values were
5.80 and 6.95 dSm™ in profile 1 and 2, respectively. Also, total N was 25.5 and
43.80 mg. I'*. On the other hand, in saline soil, the values of pH, EC and total N
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in profile 3 and 4 were 8.30 and 7.64; 9.80 and 7.40 dS.m™ and 56.40 and 45.50
mg. I, respectively. Interestingly, it was noticed that the N losses were related

by hydraulic conductivity.

Table 3. Physical characteristics of the studied sites

Non- saline soil Saline soil
WTD <90 cm WTD < 65cm
Parameter Profile 1 Profile 2 Profile 3 Profile 4
s Depth cm Depth cm Depth cm Depth cm
0-30 30-60  60-90 0-30 30-60  60-85 0-20 20-40 40-60 0-20 20-40 40-65
%’,d Mg.m- 1.55 1.63 1.65 1.61 1.65 1.65 1.57 1.62 1.70 1.50 1.58 1.65
-1
HC cm.h 4.50 5.20 4.65 4.65 4.20 4.90 7.45 6.80 6.50 7.50 6.20 6.48
Field 1450  14.00 14.00 1400 13.80 14.00 14.00 13.50 13.50 13.00  13.00 13.20
capacity %
Total 4151 3849 3774 39.25 37.74 3774 40.75 38.87 35.85 43.40  40.38 37.74
porosity
(%)
Sand % 63.50 68.00 78.00 6550 70.75  73.55 75.80 78.40 80.70 68.55  70.50 73.40
Silt % 2250 2450 14.65 2250 1750 13.45 14.50 13.50 11.80 22.85 2150 14.50
Clay % 1400 750 7.35 1200 11.72  13.00 9.70 8.10 7.50 8.60 8.00 12.10
Texture Sand Sand Loam Sand Sand Loam Loam Loam Loam Sand Loam Loam
class y y ysand y y ysand ysand ysand ysand vy ysand ysand
loam loam loam loam loam

Table 4. Some characteristics of ground water in the studied profiles before

planting
Parameters WTD< 90 cm WTD< 65 cm
Profile 1 Profile 2 Profile 3 Profile 4
pH 7.66 7.73 8.30 7.64
EC dSm™? 5.80 6.95 9.80 7.40
N mg.kg™ 25.50 43.80 56.40 45.50

With regards to the water table depth was affected by agricultural
practices. It illustrated that the values ranged between 83 cm to 50 ¢cm in the

agriculture period of maize crop (Figure 3).
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Figure 3. Monthly water table depth during agriculture period for maize crop

The maize’s yield and chemical composition for grains as affected by soil
salinity and WTD

The combined effect of water table depth and soil salinity on maize’s
yield and chemical composition of grains are shown in Table 5. Water table
depth (<65cm) in saline soil reduced grain yield and chemical composition of
maize, as compared to WTD (<90cm) in non-saline soil. Macronutrients (N P
and K) content and crude protein were decreased with increasing salinity water
table depth and soil salinity. On the other hand, foliar application of potassium
silicate gave a significant increase in the chemical composition of maize grains.
The values on NP and K for grains of maize grown in non-saline soil (site 1)
were increased significantly (p<0.05) by application of potassium silicate. NP
and K vales were ranged between 1.63-2.11,0.25-0.32 and 1.35-1.63 %,
respectively. Also, 4% potassium silicate gave a significant increase in the
values of NP and K for grains of maize grown in non-saline soil (site 2). NP
and K vales were ranged between 1.50-1.90,0.22-0.30 and 1.22-1.39 %,
respectively.

While, the values on NP and K for grains of maize grown in saline soil
(site 3) were increased significantly (p<0.05) by application of potassium
silicate. NP and K vales were ranged between 1.25-1.54,0.20-0.26 and 1.10-
1.32 %, respectively. Also, in site 4 the values of NP and K were ranged
between 1.30-1.55,0.20-0.25 and 1.20-1.345%, respectively.
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Table 5. The maize’s vyield (kg.fed™), chemical composition of grains as
affected by soil salinity and water table under application rates of potassium
silicate

Parameter Non- saline soil Saline soil
S WTD<90 cm WTD< 65¢m

Site 1 Site 2 Site 3 Site 4

Potassium silicate %  Potassium silicate %  Potassium silicate % Potassium silicate
%

0 2 4 0 2 4 0 2 4 0 2 4
N% 163 1.80° 211* 150° 1.73%* 190° 1.25° 1.35% 154° 1.30° 1.40° 155°
b b c
Crude 1019 112 1319 938 108 11.88 7.81 844 963 813 875 9.69
protein % 5 1
P% 0.25° 0.30° 0.32° 0.22° 025" 0.30° 0.20° 0.24* 0.26° 020° 0.24 0.25°
c
K% 135"  1.45° 163 1.22° 1.31* 139° 1.10° 1.22% 1.32° 1.20° 1.32° 1.45°
b b

100 grain  25.52° 285" 31.00 20.5° 235" 26.60 20.0° 243" 2754 225° 253" 27.0°
weightg ¢ 2 2 2
Yield 2150° 2233 2313% 2040 2100 2155° 2025 2130 2225° 2033 2155 2211
kg.fed'l b c b c b c b a

There is no significant difference between means have the same alphabetical superscript letter in the
same column (p<0.05). The treatments in each site were compared with each other.

Meanwhile, the maize’s yield increased significantly (p<0.05) with
increasing the application rates of potassium silicate. The highest values were
recorded 2313, 2155,2225 and 2211 kg.fed™ at sites 1, 2, 3 and 4 respectively
under 4% foliar application of potassium silicate.

Discussion

Response of Zea mays to foliar application of potassium silicate under
different levels of soil salinity and water table was studied. From the
abovementioned results, based on pH, soil salinity, and exchangeable sodium
percentage (ESP), soils represented with profile 1 and 2 were classified as none
saline soil; while, the soil represented with profile 2 and 4 classified as saline
soil (Richards, 1954). Salinity concerns are caused by the water table, salt
content, fluctuations, and hydraulic conductivity; the impact was connected
with the depth of the shallow water table compared to the level of the deep-
water table, and with saline soils compared to non-saline soils. These data are
in agreement with obtained by Abd EIl-Mageed et al. (2018). Almost soil pH
increases by soil depth as a result of decreasing in organic matter. This trend is
in agreement with those obtained by Mohamed (2002). Hydraulic conductivity,
on the other hand, declined with depth for all soil samples. This could be due to
subsurface layer compaction, which results in the reduction and discontinuity of
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big pores and, as a result, a decrease in hydraulic conductivity. Also, soil
salinity, organic matter and CEC decreased with depth. Salinity has been shown
to be a key environmental stress, with the ability to affect the carbon
sequestration (Lucas and Carter, 2013). It was also noticed that the surface
layer contains the high soluble salts. This is may be due to the movement of
saline solution and its evaporation at soil surface. Ghosh et al. (2016) showed
that, salts are transported by capillary rise due to evaporation from salts laden
water table which rises that closely to the surface layers. When the water table
rises closely to the soil surface, the net rate of water movement by capillary rise
to the surface may exceed the water flow downwards, therefore, salts are
transferred to the surface when the water evaporated and salts accumulated. The
depth of the water table influences the dispersion of solutes through the
unsaturated zone (Shokri-kuehni et al., 2020). In addition, soil particle size
distribution is of great importance for movement of soil water and migration of
soil solute. It was, therefore, considered a crucial soil physical parameter and
commonly used to predict soil hydraulic and other related parameters (Cornelis
et al., 2001). Some changes in particle size distribution may be useful
indications of certain human activities (Liu et al., 2009). Values of saturated
hydraulic conductivity is associated by soil bulk density and the total porosity.
The obtained trends were in agreement with those obtained of Jury et al.
(1991), who discovered that increasing soil salt levels result in a considerable
increase in hydraulic conductivity values. Saturated hydraulic conductivity
values increased somewhat as water table depth decreased. This is attributed to
improved soil structure in deep water table depths compared to high-water table
depths (Abd EI-Mageed et al., 2018). It could be noticed that hydraulic
conductivity is related to bulk density. Its known that bulk density is related to
the proportions of solid and pore- space of the soil. In this concern, Horn and
Smucker (2005) reported that the increase in bulk density implies a decrease in
coarse pores and an increase in middle and fine pores which lead to change on
hydraulic conductivity. The values in saline soil were higher than the values in
non-saline soil. Such findings fall in line with those obtained by Jury et al.
(1991). Also, bulk density was related by organic matter and soil texture. These
findings are consistent with those of EI-Sheihk (2003), who discovered that soil
texture and organic matter (OM) influenced bulk density values. The
differences in values of soil bulk density and hydraulic conductivity were
affected by soil salinity and water table depth of the studied sites which
observed. Huang et al. (2010) reported that the increasing in salinity of soils
has influence on soil bulk density, and saturated hydraulic conductivity.

On the other side, foliar application of potassium silicate gave a positive
effect on chemical composition of maize and its productivity. This due to that
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Potassium silicate is a source of potassium and silicon, which lead to increase
the quality of yield. Silicon has been documented to reduce multiple stresses in
plants, including biotic and abiotic stresses, by maintaining water potential (Das
et al., 2017). Also, the yield was increased significantly by increasing the
application rates of potassium silicate. Foliar application of silicon gave a
significant increase in maize productivity (Hodge, 2019; Shedeed, 2018).
While, soil salinity and water table gave negative effect on soil properties and
productivity. The results were in accordance by Feng et al. (2017), who found
that maize yield had a negative effect by increasing salinity. Also, increasing
salinity and water table gave negative effect on macronutrients content in maize
grain. This is may be due to the negative effect of salinity on plant growth and
nutrients availability. The results showed that using the increased consecutive
rates application of potassium silicate gave the highest significant values for
macronutrients content in maize grain compared to control. These data are in
agreement with those obtained by Shedeed (2018). Also, Bekmirzaev et al.
(2020) reported that application of potassium can mitigate the negative effects
of high salt levels in soil and also aids in the retention of plant water. The foliar
application of potassium silicate had a considerable favorable effect on the
protein content in mays grain. This is due to potassium's involvement in
enhancing enzyme activity, which can be explained by the fact that potassium
neutralizes numerous organic anions and other substances inside the plant,
thereby aiding in the stabilization of the optimum pH for most enzymes
(Ibrahim et al., 2015). So, the results obtained that foliar application of
potassium silicate especially at the highest application rate (4%) was improved
the yield quality of grain yield.

Finally, it is concluded that the recognition of the relationship between
crop productivity and water table depth are necessary known. It must be
managed with an appropriate way. Indiscriminate use of agricultural practice
was showed, especially irrigation water particularly in the areas of shallow or
medium water table depth and low drainage system; leading to soil salinity. The
obtained data cleared that there was negative effect of water table depth on soil
properties. Therefore, under the conditions of this investigation. The findings
prompted the need to maintain low levels of salinity and deep-water table depth
is required or improve the soil properties to achieve the maximum yield of
maize crop. On the other hand, foliar application of potassium silicate
especially at the highest rate (4%) had a significant positive effect on
macronutrients content and yield of maize plants as compared to control.
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