Water Movement and Chemical Characteristics of Sandy Loam Soil Affected
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ABSTRACT

A laboratory study evaluated the influence of a newly introduced Nano Synthetic Conditioner (NSC), characterized by
48.9 mg kg™ organic matter and 138 cmol kg™ CEC, on sandy loam soil under saline irrigation waters (0.86 and 1.6 dS
m™1). NSC was applied at rates of 0, 4, 6, and 8% with 24.88 mm saline water every 7 days for eight wetting/drying cycles.
Results showed infiltration time significantly increased with higher NSC rates and saline water levels, leading to decreased
infiltration rates. Intermittent evaporation (E) was significantly reduced with higher NSC application but generally
increased with successive wetting/drying cycles. Percentage of water conserved (PWC) rose significantly with higher NSC
rates and increasing soil depth, but saline water concentration had no significant effect. Soil EC, pH, ESP, OM, and CEC
significantly increased with both saline water concentration and NSC application. Similarly, available NPK content was
significantly influenced: increasing with saline water and NSC application but decreasing with soil depth. Findings indicate
that NSC efficiently reduces evaporation and infiltration while enhancing water storage. Moreover, it significantly
improves soil chemical properties and nutrient availability, particularly in the 0-30 cm surface layer. This preliminary
laboratory study highlights the potential of NSC as an effective soil conditioner for sandy loam under saline irrigation,
offering valuable insights for future field experiments, which may provide more comprehensive and practical evaluation

despite their higher costs.
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INTRODUCTION

Most agriculturally important soils of arid and
semiarid regions are light texture (sand, loamy sand and
sandy loam). These soils are characterized by low
specific surface area, low water retention, excessive
deep percolation rate and that eventually caused low
fertility status and water use efficiency. The above-
mentioned soil constraints can conceivably be alleviated
through use of soil conditioners may be act as
superabsorbent that can be capable improving some soil
physiochemical, reduced evaporation, decreased
infiltration rate and increased water retention and
nutrient availability thus can increase water supply to
growing plants and improve crop water productivity
(El-Hady et al., 1981 and Tayel and El-Hady. 1981).
Also, soil conditioners (superabsorbent) if has contains
cementing agents such as humic substances and /or
polysaccharides, may cause stable aggregates or
increase their stability (Chaney and Swift, 1986). Miller,
(1979) noticed that ahydrolyzed starch polyacry-
lonitrile graft (super sluper) polymer increase the soil
swelling of treated soil surface layer and decrease
infiltration rate. Al-Omran et al., (1991) and Shalaby,
(1993) they found that the infiltration time increased,
percentage water conserved increased and reduced
evaporation of sandy soil columns with increasing
Jalma rates as a gel-forming conditioner
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(superabsorbent) at different saline irrigation waters.
Sepaskhah and Bazrafshan-Jahromi, (2006) reported
that the soil conditioners may have an impact on various
soil physical properties such as structure, compaction,
aggregate stability, surface hardness, infiltration rate,
density, and evaporation rates. Mann, et al., (2011)
revealed that the soil conditioners of potassium poly-
acrylate (PPA) and polyacrylamide (PAM) had the
potential to enhance the soil physical, chemical,
available nutrients and soil productivity. On the other
hand, Sahar and EI-Cossy (2023) found that the mixed
of PAM plus humic acid caused the highest soil
moisture content at 20-40 cm soil depth and
significantly improved soil water storage and soil
aggregate size distribution (P <0.01). Also, Sahar et al.,
(2025) reported that the potassium poly-acrylate (PPA)
and polyacrylamide (PAM) both individually and in
combination with humic acid significantly improved
soil pH, cation exchange capacity, organic matter
content, and the availability of essential nutrients such
as nitrogen, phosphorus, potassium, calcium, and
magnesium. The purpose of this study was to
investigate the effects of a newly introduced Nano
Synthetic Conditioner on evaporation and infiltration
rate, some chemical properties of sandy loam soil, water
content, and some available nutrients distributions with
soil depth as well as percentage of water conserved
under saline irrigation waters.
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MATERIAL AND METHODS

A surface soil sample (0 — 30 c¢cm) from non-
calcareous sandy loam soil was collected from El-
Bostan area in semi- arid environmental condition,
Egypt. This area located at 30° 47' 30" N, 30° 23' 45" E
and altitude 16 m. The sample was air-dried and passed
through a 2 mm sieve. Particle size analysis, total
CaCO3 %, bulk density, soil pH & electric conductivity
(EC) in soil extract (1 soil: 1 water), CEC (cation
exchange capacity) well as soil organic matter (O.M)
were determined using standard procedures (Klute, et al
1986 and Page, et al 1982) The available nitrogen in
soil was extracted using the method by Dahnke and
Johnson (1990) and quantified using the micro-Kjeldahl
procedure described by Page et al. (1982). Available
phosphorus and potassium in soil were extracted using
1M NH,HCO; in 0.005 M DTPA as recommended by
Soltanpour  (1991), the phosphorus measured
calorimetrically and potassium analyzed using a flame
photometer, accordingly, Page et al. (1982). The soil
was classified as sandy loam, non (79 % sand, 10 % silt
and 11 % clay with 3.50 % total calcium carbonate, and
1350 kgm bulk density). The electric conductivity of
initial soil extract (EC) was 0.46 dSm™ and 7.24 pH,
8.32 cmolkgCEC, 0.8 mgkg! O.M as well as 3.43
sodium adsorption ratio (SAR); the exchangeable
sodium percentage (ESP < 15) was estimated
accordingly Richard’s 1954. Nano synthetic conditioner
(NSC) had 1.53 dSm™ EC, 6.26 SAR, 8.45 ESP and
7.40pH in extract (LNSC:1Water) as well as 48.9 mgkg-
1 0.M, 138cmolkg™CEC, and with 860 kgm bulk
density. Also, this conditioner was contained the
function groups of carboxylate (-COO"), hydroxyl (-
OH), carbonyl (C=0) and phosphate (-POs~ & -OPQO3 ).
The applied saline irrigation waters were electrical
conductivity of 0.86 and 1.56 dSm™.

Evaporation Experiment

The evaporation experiment was conducted using 50
cm long soil columns including the treated layer (0—
15cm), packed into 50 cm long transparent Lucite
cylinders with inside diameter of 4.8 cm and closed at
one end by sheet transparent Lucite. The soil samples
are packed at 5 cm increments to 1.53 g cm bulk
density. The treatments consisted of Nano synthetic
conditioner at 4 rates 0, 4, 6 and 8 % (g/g) of studied
soil. The corresponding quantities of Nano synthetic
were thoroughly hand mixed with soil. The soil columns
were placed on a bench inside a lab with controlled a
day/night cycle of 14/10 hour and a constant
temperature 25.0 °C. The amount of saline irrigation
waters (24.88 mm) of 550 and 1000 ppm (0.86 & 1.56
dSm-1) were applied weekly at 8 wetting /drying cycles,
each treatment was replicated 2 times. Mean potential
evaporation from surface of free applied saline

irrigation waters in similar transparent Lucite cylinders
was measured. This mean is approximately 3.55
mm/day. The time of disappearance of saline irrigation
waters at the first cycle was rerecorded. Cumulative
evaporation versus time of measurements was
determined by periodically weighing for each column.
At the end of experiment (8" wetting /drying cycle), the
columns were sectioned at 5 cm increments. At this
section, the distribution of soil water content (SWC),
EC, ESP, CEC and available NPK with soil depth of
columns were determined. Also, the percentage of water
conserved (PWC) was estimated by the following
equation:

PWC = 100%(Q - E)/Q

Where: Q is cumulative amount of water applied, mm
and E is cumulative evaporation, mm.

Statistical analyses were conducted using 3-way
completely randomized designs. The Least significant
difference (LSD) test was used to compare means at a
significance level of p < 0.05, following the method
described by Snedecor et al.,1989. All data analyses
were performed using Co-Hort software, Version 6.400.

RESULTS AND DISCUSSION

For convenience, the 0, 4, 6 and 8% NSC treatments
are referred to hereafter as TO, T4, T6 and Ts,
respectively. The saline irrigation water used as 0.86
and 1.56 dSmare denoted by S1 and S2, respectively.
The wetting/drying cycle and soil depth are denoted by
C and D, respectively.

1. Water Movement
Infiltration

The times required for 24.88 mm of water to
infiltrate into sandy loam soil column as affected by
NSC-treated surface layer (0-15cm) and saline irrigation
waters were recorded at the first wetting/drying cycle of
intermitted evaporation experiment, Table (1). The
results revealed that the infiltration time significantly
increased with increasing application of NSC rates and
also, the infiltration time significantly increased with
increasing application of electrical conductivity of
applied saline irrigation waters, hence, the infiltration
rate is decreased. This behavior may be attributed to the
aggregation and swelling effect. The adding NSC rates
and the applied saline irrigation waters are not
sufficiently suppressed the swelling effect of NSC
applications. This result confirmed with Shalaby, (1993)
who found that the salt concentration of irrigation water
increased > 2dSm? reduced the soil swelling and
consequently increased infiltration rate. The Tg rate at
any applied saline irrigation water had obviously
increased of the time infiltration into the soil column,
thus the infiltration rate is decreased. The infiltration
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time ranked as follows: T8 > T6 > T4 > TO and
infiltration time values for T4, T6 and T8 were 3.30,
5.73 and 10.71 times those of TO.

Table 1. Time required, s, by water to infiltrate into
soil columns as affected by application NSC rates %
and saline irrigation water at the first cycle of
intermitted evaporation

NSC . NSC . NSC
Time Time
rate s rate s rate L SDocs
% % % '
S1 S2
To 46 To 50 48 LSDT
18.32
Ta 152 Ta 165 158.5
Te 265 Te 285 275
Ts 503 Ts 525 514
Mean  241.25 256.25 LSD S
S 12.95
Intermittent Evaporation
The intermittent evaporation (E) vs. time

relationships as influence by the application of NSC
rates and saline irrigation waters at the end of 8
wetting/drying cycles is shown in Table (2) and Figure

(1). The E vs. time relationships from sandy loam soil
columns were significant reduced with increasing
applied NSC rates, also E generally significant
increased with increased numbers of wetting/drying
cycle. With the exception that the E of the T4 at the end
of studied wetting/drying cycles under S1 and S2, the E
values at T4 decreased with the cycle number increased.
While, the intermittent evaporation from sandy loam
soil columns were non-significant decreased with
increasing concentration of saline irrigation water. Also,
the results revealed that T4 under S2 had the lowest E
value (13.56) at 8™ wetting/drying cycle. This value is
62.20 % decreased relatively TO at the same saline
irrigation water and the same cycle. The total
cumulative evaporation values at the end of
wetting/drying cycles obviously reduced with the
application NSC rate increased under S1 and S2. These
values for TO, T4, T6 and T8 were 165.46, 144.21,
138.47 & 117.27 and 167.17, 143.90, 135.61 & 115.81
mm, under S1 and S2, respectively, the E values ranked
as follows: TO > T4 > T6 > T8 and E values for T4, T6
and T8 were 0.87,0.82 and 0.70 those of TO0. The
cumulative evaporation percentage at TO, T4, T6 and T8
under S1 and S2 were 91.52, 86.16, 84.71 & 91.96 and
86.08, 83.99 & 78.99 %, respectively.

Table 2. The intermittent evaporation from sandy loam soil columns as affected by NSC application rates and
applied saline irrigation waters at the end of each wetting/drying cycles

NSC (T) Intermittent cumulative evaporation, mm, at wetting/drying cycles Mean
% 1 2 3 4 5 6 7 8
S1
1 2049 1941 21.01 2140 1891 21.01 21.01 2222 20.68
2 17.52 1849 17.14 1849 17.25 1751 1751 20.30 18.03
3 17.14 1739 1935 17.39 16.45 16.45  16.45 17.86 17.31
4 16.10 1548 1493 1438 1382 1438 1438 13.76 14.65
S1 Mean 17.81 1769 18.11 17.92 16.61 17.34 17.34 18.54 17.67
S2
1 1996 1996 2101 2101 2101 2101 2140 21.80 20.90
2 18.98 1508 1751 1751 17.51 1751 1930 20.50 17.99
3 17.86 16.45 16.45 16.45 16.45 16.45 17.66 17.86 16.95
4 15.38 1493 1438 14.38 14.38 1438 14.44 13.56 14.48
S2 Mean 18.05 16.61 1734 1734 1734 1734 1820 18.43 17.58
C Mean 17.93 17.15 17.72 17.63 16.97 17.34  17.77 18.48 17.62
LSD 005 S=10.377 NS NS NS NS NS NS NS NS NS
LSD 0.05 T 0/0 = 0533 *% ** ** **% **% **% ** **
LSD 005 C=0.754 NS NS NS NS * NS NS *
Interaction
S*T NS
S*C NS
T*C S
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This behavior may be attributed to the aggregation and
swelling phenomena for NSC, it had contained
138cmolkg™ and 48.90mgkg, and the phenomena may
affect infiltration, redistribution and capillary rise.
These in turn may influence cumulative evaporation. At
the end of each wetting/drying cycle, E generally
decreased with application NSC rate increased and
ranked as follows: TO > T4 > T6 > T8 under S1 and S2.
With exception the E of T3 at the end of third cycle was
higher than T2 under S1 and E of T2 at the end of
second cycle was lower than T3 under S1. The results
also revealed that the increasing NSC rates would
suppress E values with increased number of
wetting/drying cycles under studied saline irrigation
waters due to these saline waters had less than 2dSm™.
Also, Al-Darby, et al. (1993) indicated that the salt
solution is added the polymers higher than 2dS did not
retain water at the soil column and did not permit the
water to evaporate easily compared using slightly saline
water less than 1dSm-.
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Fig.1.The intermittent cumulative evaporation from
sandy loam soil columns as affected by NSC
application rates and applied saline irrigation waters
at the end of each wetting/drying cycles

Regression analyses indicated that the mean
evaporation (E) at end of each wetting/drying cycle was

S2

Cumulative evaporation, mm

liner function of the square root of time (t) (E= At'?),
the mean evaporation constant (A) of the sandy loam
affected by application NSC rates under saline irrigation
waters are shown in Table (3). This linear relationship
was previously suggested for the natural soils without
conditioner, Black et al. (1969) is also valid for the soil
conditioner of this experiment. The results indicated that
the A constant and E for application NSC rates followed
an order that is in agreement with the trend of the E vs. t
relationships for sandy loam soil, Table (3). The same
trend obtained by Mustafa et al. (1987) in his studied for
E of sandy loam soil affected by gel- forming
conditioner (Jalma). The results in Table (3) show the
evaporation constant (A) clearly reduced with
application NSC rates increased under S1 and S2 with
regression coefficient (R?) ranged from 0.0.975 — 0.949
and 0.950 — 0.926, respectively.

Table 3. The mean best fitting linear regression of
the relationships between E vs. square root of time,
(E = AtY?) affected by NSC rates under studied
saline irrigation waters

NSC rate A Std. Regression

% Error coefficient R?
S1

0 10.32 +1.07 0.949

4 8.34 +0.60 0.975

6 8.55 +0.81 0.958

8 7.57 +0.76 0.953
S2

0 10.87 +1.37 0.926

4 9.16 +1.03 0.926

6 8.69 +0.97 0.941

8 7.24 +0.75 0.950

Soil Water conserved

The Available water conserved (AWC) values, mm,
at the end of each wetting/drying cycle in soil columns
non-significantly reduced with the saline water
concentration increased, Table (4). While, these values
at the end of each the same cycles affected by
application NSC rates obviously significant increased
with the increasing rates. The AWC values at the end of
wetting/drying cycle numbers generally significant
increased with increasing the number of cycles, except
the AWC value at the end of third, 4" and 8"
wetting/drying cycles reduced under S1 and the values
at the end of 7™ and 8™ wetting/drying cycles reduced
under S2, Table (4). The total AWC 33.58, 54.83, 60.57
& 81.77 mm and 31.87, 55.14, 63.43, & 83.23mm
values at the end of wetting/drying cycles obviously
increased with the application NSC rates of increased
under S1 and S2.
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Table 4. The soil water conserved (AWC) of sandy loam soil columns as affected by NSC application rates (T)
and applied saline irrigation waters (S) at the end of each wetting/drying cycle (C)

AWC, mm, for different wetting/drying cycles Total
NSC (T) % 1 2 3 4 5 6 7 g Mean  awc
S1
1 4.39 5.47 3.87 3.48 5.97 3.87 3.87 2.66 4.20 33.58
2 7.36 6.39 7.74 6.39 7.63 7.37 7.37 4,58 6.85 54.83
3 7.74 7.49 5.53 7.49 8.43 8.43 8.43 7.02 7.57 60.57
4 8.73 9.40 995 1050 11.06 1050 10,50 11.12 10.22 81.77
Mean S1 7.21
S2
1 4,92 4.92 3.87 3.87 3.87 3.87 3.48 3.08 3.98 31.87
2 5.90 9.80 7.37 7.37 7.37 7.37 5.58 4.38 6.89 55.14
3 7.02 8.43 8.43 8.43 8.43 8.43 7.22 7.02 7.93 63.43
4 9.50 995 1050 1050 1050 1050 10.44 11.32 10.40 83.23
Mean S2 7.30
Mean C 6.95 7.73 7.16 7.25 7.91 7.54 7.11 6.40 7.26
LSD 005 S=0.395 NS NS NS NS NS NS NS NS NS
LSD 0.05 T % = 0567 ** ** ** ** ** ** ** **
LSD 05 C=0.754 NS NS NS NS NS NS NS *
Interaction
S*T NS
S*C NS
T*C S
. These values for TO, T4, T6 and T8 were 33.58, 54.83,
12 ¢ s1 60.57 & 81.77 and 31.87, 55.14, 63.43 & 83.23 mm,
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Fig.2. The soil water conserved (AWC) of sandy

loam soil columns as affected by NSC application

rates (T) and applied saline irrigation waters (S) at

the end of each wetting/drying cycle (C)

respectively, and ranked as follows: TO< T4 <T6< T8
under S1 and S2. The PWC at TO, T4, T6 and T8 under
S1 and S2 were 16.87, 27.55, 30.43 & 41.08 and 16.01,
27.70, 31.86 & 41.81%, respectively. The PWC values
affected by NSC rates ranked as follows: T8 > T6 > T4
> TO0 and these values for T4, T6 and T8 were 1.68, and
1.89 and 2.52 times those of TO.

Soil water content, SWC, %, and water conserved
percentage, PWC at end 8" wetting/drying cycle.

The values of soil water content, SWC, %, and water
conserved percentage, PWC, %, of sandy loam soil
columns at the end of the 8" wetting/drying influenced
by NSC rates and soil depth under Sland S2 are
illustrated in Table (5) and Figures (3). The SWC and
PWC values non-significant increased affected by saline
irrigation waters, while these values significantly
increased with increasing applied NSC rates and soil
depth increment. The results revealed that soil depth of
0-30cm were contained water especially at the 0-15cm
soil depth. This behavior may be the attributed to the
NSC had 138.00cmolkg™ and 4.89 OM and the S1 and
S2 had < 2dS*, and no effect on the soil swelling.
Consequently, this conditioner had efficiency for water
storage. This conclusion is agreement with Sahar and
El- Cossy (2023). They found that soil ameliorants
significantly improved soil water storage and soil



A.M. A. Mokhtar et al: - Water Movement and Chemical Characteristics of Sandy Loam Soil Affected by.......... 153

aggregate size distribution (P < 0.01) at (0-20cm) values affected by NSC rates ranked as follows: T8 >
surface layer. The SWC values ranked as follows: T8 > T6 > T4 > T0 and these values for T4, T6 and T8 were
T6 > T4 > TO and its values for T4, T6 and T8 were 1.68, 1. 89 and 2.52 times those of TO.

1.59, 1.79 and 2.38 times those of T0. While The PWC

Table 5. The soil water content (SWC) and water conserved percentage (PWC) for sandy loam soil columns as
affected by NSC application rates (T), applied saline irrigation waters (S) and soil depth increments (D) at the
end of 8" wetting/drying cycle

Saline T D, cm Mean
irrigation rate
water % 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50
S
SWC, %
0 8.38 7.18 6.58 519 419 3.39 2.79 2.19 2.00 2.00 4.39
s1 4 1195 1195 1056 8.89 7.50 5.28 4.45 3.89 3.61 3.61 7.17
6 11.71 1146 1146 891 8.15 7.13 6.11 5.60 4.84 3.82 7.92
8 1527 1495 1495 146 11.13 9.23 7.95 7.32 6.36 5.09 10.69

Mean S1 7.54

0 7.40 7.40 6.54 585 4.82 4.13 3.27 2.58 2.58 2.24 4.68
$2 4 1225 1197 1058 891 751 5.29 4.45 3.90 3.62 3.62 7.21
6 11.14 12.05 12.05 9.37 8.57 7.77 6.43 5.89 5.62 4.02 8.29
8 15.73 1540 1444 141 1123 9.31 8.34 7.70 6.74 5.78 10.88
Mean S2 7.64
Mean D 11.73 1155 1090 9.48 7.89 6.44 5.47 4.88 4.42 3.77
LSD 0.05 S 0.115 NS
LSD0.05T 0.163 i
LSD0.05D  0.258 wx
Interaction
S* T **
S*D NS
S*D **
PWC, %
0 3.22 2.76 253 199 161 1.30 1.07 0.84 0.77 0.77 1.69
s1 4 459 459 406 342 288 2.03 1.71 1.49 1.39 1.39 2.75
6 450 4.40 440 342 313 2.74 2.35 2.15 1.86 1.47 3.04
8 5.87 5.75 5,75 562 4.28 3.55 3.06 2.81 2.45 1.96 411

Mean S1 2.90

0 284 251 225 185 159 1.26 0.99 0.99 0.86 0.86 1.60
2 4 471  4.60 406 342 289 2.03 1.71 1.50 1.39 1.39 2.77
6 428 4.63 463 360 3.29 2.98 2.47 2.26 2.16 1.54 3.19
8 6.04 592 555 543 432 3.58 3.21 2.96 2.59 2.22 4.18
Mean S2 2.93
Mean D 451 440 415 3.60 3.00 2.43 2.07 1.88 1.68 1.45
LSD 0.05S 0.044 NS
LSD0.05T  0.063 faie
LSD0.05D  0.099 e
Interaction
S* T **
S*D NS

S*D **
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Fig.3. The soil water content (SWC) for sandy loam
soil columns as affected by NSC application rates
(T), applied saline irrigation waters (S) and soil
depth increments (D) at the end of 8™ wetting/drying
cycle

The interaction of the SWC or PWC between saline
water and NSC were significant and non-significant
with soil depth. However, the interaction of the SWC or
PWC between application NSC rates and soil depth
were significant attributed to the effect of NSC is high.

2. Chemical properties
Soil salinity, EC

Data in Table (6) and Figure (4) is noticed that the
EC values (lwater:1soil extract) of sandy loam soil
depth columns at the end of 8" wetting/drying cycle
were significantly increased with saline irrigation water
increased from 0.86 for S1 to 1.56dSm™ for S2 and with
the increasing of NSC rates (0, 4, 6 and 8%). While, EC
values generally significant decreased with increasing
the soil depth increment, except at (5-10cm) soil depth
was high (1.53dSm-1), may be attributed to the leaching

of relative salt movement from 0-5 to 5-10cm soil depth
through wetting/drying cycles, also, the NSC had
1.53dSm? (1water:INSC extract) resulted the increase
of soluble salts in surface (0-15cm) soil depth column.
The EC influence by NSC rates ranked as follows: T8 >
T6 > T4 > TO and EC values for T4, T6 and T8 were
1.07, 1.15, and 1.31 times those of TO. The interactions
between studied factors were highly significant. The
results indicated that T8 at (5-10cm) soil depth column
under S2 is highest value.
Soil reaction, pH

The pH values (1water:1soil extract) of sandy loam
soil depth columns at the end of 8" wetting/drying cycle
were shown in Table (6) and Figure (5). The values of
soil pH were significant decreased with increasing the
concentration of saline water. While, the values were
highly significant increased with increasing NSC rates
this result confirmed with Sahar, et al., (2025). The pH
values generally significant decreased with the soil
depth columns increment. The interactions between
NSC and saline water or soil depth were significant. The
soil pH values influence by NSC rates ranked as
follows: T8 > T6 > T4 > TO and pH values for T4, T6
and T8 were 1.01, 1.01 and 1.1.02 times those of TO.
The interaction between saline water and soil depth was
non-significant. The results revealed that the variations
in pH values were very low as affected by saline waters,
NSC rates and soil depth column increment at the end of
8™ wetting/drying cycle, wherever, the lowest pH is
7.24 at TO under S2 and highest pH is 7.38 at T8 under
S1 attributed to the buffering soil, Table (6).
Exchangeable sodium percentage, ESP

The ESP values were highly significant increased
with increasing EC of saline waters and NSC rates
increased and generally significantly decreased with the
increasing of soil depth columns increment, except the
ESP value at 5-10 cm soil depth was higher relatively
than ESP at 0-5cm soil depth column could be attributed
to the EC at this depth is high, consequently, the
increase soluble sodium ions in soil solution, Table (6)
and Figure (6).results indicated that T8 at (5-10cm) soil
depth column under S2 is highest value. The ESP values
affected by NSC rates ranked as follows: T8 > T6 > T4
> TO and ESP for T4, T6 and T8 were 1.11, 1.15 and
1.23 times those of TO. The interaction between saline
waters and NSC rates was significant. The interaction
between saline waters and soil depth increments was
highly significant also, the interaction between NSC
rates and soil depth increments was highly significant,
Table (6).
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Table. 6. The EC, pH and ESP of sandy loam soil columns as affected by NSC application rates (T), applied
saline irrigation waters (S) and soil depth increments (D) at the end of 8™ wetting/drying cycle

Saline T D, cm
water % Mean
< 0 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50
EC, dSm!
0 0.97 1.01 0.88 0.80 0.75 0.67 0.65 0.62 0.60 0.58 0.75
s1 4 1.08 1.11 099 091 0.86 0.73 0.66 0.64 0.63 0.60 0.82
6 1.15 1.23 1.06 098 0.92 0.80 0.71 0.68 0.65 0.61 0.88
8 1.36 1.48 123 107 0.99 0.91 0.80 0.73 0.70 0.63 0.99
Mean S1 0.86
0 1.46 1.58 133 121 1.13 1.01 0.98 0.94 0.91 0.88 1.14
S2 4 1.59 1.69 146 134 1.26 1.07 0.97 0.94 0.93 0.88 1.21
6 1.74 1.83 162 150 141 1.22 1.09 1.04 0.99 0.93 1.34
8 2.12 2.28 195 186 153 1.41 1.24 1.13 1.09 0.98 1.56
Mean S2 1.31
Mean D 1.43 1.53 131 121 111 0.98 0.89 0.84 0.81 0.76
LSD 0.05 Interaction
S 0.016 S*T wx
T 0.022 S*D *x
D 0.036 S*D *x
pH
7.25 7.26 725 727 1.26 7.26 7.27 7.25 7.26 7.27 7.26
s1 7.38 7.36 728 728 7.29 7.30 7.29 7.30 7.31 7.32 7.31

7.41 7.40 735 734 734 7.35 7.34 7.33 7.32 7.33 7.35
7.45 7.45 737 737 7.38 7.37 7.38 7.37 7.37 7.39 7.38
Mean S1 7.33

oo ~O

0 7.21 7.22 722 123 122 7.23 7.22 7.23 7.23 7.25 7.24
S? 4 7.35 7.34 729 729 7.28 7.28 7.27 7.28 7.27 7.28 7.29
6 7.38 7.37 731 729 7.28 7.28 7.28 7.27 7.28 7.29 7.30
8 7.42 7.43 736 736 7.35 7.34 7.33 7.33 7.34 7.34 7.36
Mean S2 7.30
Mean D 7.25 7.26 725 727 1.26 7.26 7.27 7.25 7.26 7.27 7.26
Mean S2
LSD 0.05 Interaction
S 0.01 S*T wx
T 0.01 S*D NS
D 0.01 S*D faie
ESP
0 4.98 5.14 465 451 432 417 3.97 3.82 3.86 3.70 431
s1 A 5 29 510 EN? A4R0  ARQ 499 20q7 20q7 209 207 4 40
6 5.34 5.63 522 490 4.82 4.60 4.22 4.17 3.97 3.92 4.68
8 5.88 6.05 5,63 522 502 4,77 4.60 4.37 4.08 3.92 4.95

Mean S1 461

0 6.11 6.30 5,78 553 541 5.02 4.90 4.82 477 473 473
s2 4 6.33 6.52 6.08 578 591 5.22 498 494 4.82 4.73 553
6 6.64 6.76 6.37 6.14 5.95 5.53 5.26 5.11 5.02 4.82 5.76
8 7.26 7.26 701 6.84 6.18 5.95 5.63 5.41 5.26 4.90 6.17
Mean S2 5.70
Mean D 5.97 6.11 5.72 545 529 4.94 4.69 4.58 4.46 4.34
Mean S2
LSD 0.05 Interaction
S 0.034 S* T **
T 0.049 S*D **

D 0.077 S*D **
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Fig. 4. The EC, dSm! of sandy loam soil columns as
affected by NSC application rates (T), applied saline
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the end of 8" wetting/drying cycle
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Fig. 6. The ESP of sandy loam soil columns as
affected by NSC application rates (T), applied saline
irrigation waters (S) and soil depth increments (D) at
the end of 8 wetting/drying cycle

Cation exchange capacity, CEC

The CEC values, cmolkg?, of sandy loam soil
columns at the end of 8™ wetting /drying cycle as
affected by saline waters and applied NSC rates highly
significant increased with increasing the concentration
of studied saline water and NSC rates, Table (7) and
Figure. (7). While, CEC values generally significant
reduced with soil depth columns increment, except the
CEC values at 5-10 and 10-15cm soil depth columns
exhibited higher. This higher may be caused by the
migration of some NSC particles high CEC
(138cmolkg™) from 0-5¢cm depth to 5-10 and 10-15cm
soil depth columns through wetting/drying cycles. The
trend CEC as affected by saline waters and NSC rates is
similar obtained for ESP and EC of sandy loam soil
columns. The CEC affected by NSC rates ranked as
follows: T8 > T6 > T4 > T0 and CEC values for T4, T6
and T8 were 1.36, 1.62 and 1.78 times those of TO. The
interactions between saline waters and NSC rates or soil
depth increments were significant. While, the
interaction between NSC rates and soil depth
increments was highly significant, Table (7).

Organic Matter, OM

The OM content values, mgkg™, of sandy loam soil
columns at the end of 8™ wetting /drying cycle as
influenced by saline waters and applied NSC rates
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highly significant increased with the saline water
concentration increased and NSC rates increased. The
OM content influence by NSC rates ranked as follows:
T8 > T6 > T4 > TO and OM content for T4, T6 and T8
were 1.54, 1.1.76 and 2.27 times those of TO. However,
OM values highly significant reduced with the soil
depth increments, Table (7) and Figure. (8). The surface
soil depth (0-15cm) had the highest OM values could be

attributed to the adding of NSC (48.9mggk™) in this
depth. This result similar obtained by Sahar, et al.,
(2025). The interaction between saline water and NSC
rates was highly significant. Also, the same trend
obtained between NSC rates and soil depth increments.
While, interaction between saline waters and soil depth
increments was non-significant, Table (7) and Figure.

(8).

Table 7. The CEC cmolkgtand OM mgkg™ of sandy loam soil columns as affected by NSC application rates (T),
applied saline irrigation waters (S) and soil depth increments (D) at the end of 8" wetting/drying cycle

D, cm Mean

20-25 25-30 30-35 35-40 40-45  45-50 T

CEC, cmolkg™?

8.17 8.16 8.15 8.19 8.17 8.17 8.19
9.00 841 8.23 8.18 8.17 8.15 10.56
9.52 912 8.36 8.14 8.19 8.18 12.25
9.76  9.20 8.60 8.20 8.11 8.21 13.28

11.07
8.17 8.16 8.15 8.19 8.17 8.17 8.19
10.03 9.81 8.54 8.22 8.20 8.13 11.75
10.70 1032 8.86 8.21 8.21 8.15 14.22
10.81 10.60 8.82 8.20 8.23 8.20 15.95

12.53
9.52 9.22 8.46 8.19 8.18 8.17

**
**

**
**
*k*k

OM, mgkg™*

Saline
'5;;%2:'%” % 05 510 10-15 1520
0 8.33 8.06 8.27 8.21
s1 4 1332 1352 1558 13.04
6 1765 19.36 20.55 13.47
8 20.68 2294 2357 13.48
Mean S1
0 8.33 8.06 8.27 8.21
$2 4 15.84 16.23 18.46 14.08
6 25.32 2453 2241 15.48
8 30.42 27.38 27.81 19.02
Mean S2
Mean D 17.49 1751 1811 13.12
LSD 0.05
S 0.510
T 0.721
D 1.140
Interaction
S*T
S*D
S*D
0 0.83 0.68 0.66 0.63
S1 4 1.17 1.11 1.07 1.05
6 1.70 1.60 155 151
8 2.90 2.40 190 151
Mean S1 1.65 1.45 129 117
Mean D
0 0.83 0.68 0.66 0.70
$2 4 1.90 1.70 180 1.30
6 1.97 1.74 1.69 1.41
8 2.70 3.50 210 1.88
Mean S2
Mean D 1.75 1.68 1.43 1.25
LSD 0.05 Interaction
S 0.070 S*T
T 0.100 S*D

D 0.160 S*D

0.60 0.70 0.68 0.63 0.60 0.64 0.66
0.84 0.71 0.63 0.62 0.62 0.61 0.84
1.01 0.92 0.80 0.72 0.55 0.55 1.09
1.01 0.94 0.89 0.84 0.76 0.73 1.39
0.87 0.82 0.75 0.70 0.63 0.63 1.00

0.68 0.66 0.60 0.60 0.65 0.64 0.67
1.06 0.92 0.89 0.87 0.85 0.83 1.21
1.06 1.03 1.00 0.93 0.91 0.89 1.26
1.29 1.19 1.12 0.92 0.88 0.84 1.64

1.20
0.94 0.89 0.83 0.77 0.73 0.72

**

NS

*k%k
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Fig. 8. The OM mgkg* of sandy loam soil columns as
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irrigation waters (S) and soil depth increments (D) at
the end of 8™ wetting/drying cycle.

Available NPK content

The available NPK content, mgkg, of sandy loam
soil columns as affected by saline waters, applied NSC
rates and soil depth highly significant increased and
highly significant reduced with the saline water
concentration, NSC rates increased and soil depth
increments, respectively, at the end of 8" wetting
/drying cycle Table (8) and Figures. (9-11). The
available N content influence by NSC rates ranked as
follows: T8 > T6 > T4 > TO and N content for T4, T6
and T8 were 1.48, 1.72 and 1.95 times those of TO. The
available P content affected by NSC rates ranked as
follows: T8 > T6 > T4 > T0 and P content for T4, T6
and T8 were 1.89, 2.47 and 3.33 times those of T0. The
available K content affected by NSC rates ranked as
follows: T8 > T6 > T4 > TO and K content for T4, T6
and T8 were 1.11, 1.17 and 1.32 times those of TO. The
results indicated that NSC rates may improve the
available NPK content in surface treated soil depth, due
to the NSC had 48.9 mgkg*OM and 138cmolkg™ CEC.
These results are in agreement with findings of Sahar, et
al., (2025). The interaction for N content between saline
water and NSC rates was significant. Also, the
interaction for N between saline water and soil depth
was highly significant. However, the interaction
between NSC rates and soil depth was non- significant.
The interaction for P content between saline water and
NSC rates was non-significant. However, the interaction
between saline water and soil depth and it’s between
NSC rates and soil depth was highly significant. The
interaction between saline water and NSC rates and it’s
between saline water and soil depth was non-significant.
While, the interaction between NSC rates and soil depth
was highly significant.
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Table 8. The available NPK mgkg™? of sandy loam soil columns as affected by NSC application rates (T),
applied saline irrigation waters (S) and soil depth increments (D) at the end of 8" wetting/drying cycle

Saline T D, cm
e \
Irrigation % 05 510 10-15 15-20 20-25 25-30 30-35 35-40 40-45  45-50 ean
water S
N, mgkg™
0 231 172 154 136 125 117 110 105 10.0 97 1347
s1 4 253 231 213 155 142 132 124 117 111 106 1583
6 272 257 227 158 145 135 127 120 115 110  16.66
8 309 276 252 165 152 142 134 127 121 116  17.93

Mean S1 ' ' ' ' 15.97

0 23.7 17.9 178 143 131 12.4 11.4 10.9 10.2 10.1 14.19
) 4 65.8 47.6 39.3 175 154 14.4 13.6 12.9 12.4 11.9 25.08
6 73.3 60.9 770 19.0 157 13.4 13.2 13.1 11.8 10.8 30.83
8 88.0 88.2 78.7 226 16.3 15.3 14.4 13.0 11.8 11.7 36.00
Mean S2 26.53
Mean D 4468 3851 3718 168 1461 1351 1276 12.09 11.37 10.92
LSD 0.05 Interaction
C S*T
T S*D
D S*D
P, mgkg™
0.73 0.64 0.86 0.67 0.65 0.64 0.63 0.62 0.61 0.60 0.66
s1 2.16 1.90 164 112 1.12 0.86 0.88 0.80 0.74 0.68 1.19

3.00 2.62 238 107 1.01 0.92 0.88 0.85 0.82 0.79 1.43
4.23 5.28 475 115 112 0.96 0.94 0.93 0.91 0.90 2.12
Mean S1 1.35

oo h~O

0 0.74 0.65 0.77 0.95 0.95 0.97 0.97 0.97 0.97 0.97 0.89
s2 4 2.67 3.61 341 137 113 1.10 1.08 1.06 1.05 1.03 1.75
6 4.06 6.47 5.56 1.29 1.22 1.17 1.13 1.10 1.07 1.04 2.41
8 6.66 8.36 7.51 1.40 1.23 1.14 1.15 1.12 1.09 1.02 3.07
Mean S2 2.03
Mean D 3.03 3.69 336 113 1.05 0.97 0.96 0.93 0.91 0.88
LSD 0.05 Interaction
S S*T
T S*D
D S*D
K, mgkg?
4714 4851 4989 47.6 47.10 46.67 46.31 46.00 45.73 45.48 47.05
S1

oo O
(2]
©
[
o
(2]
(2]
w
»
()]
[y
o
(3]
B
oo
»
SN
-~
SN
(o]
S
(2]
a1
»
S
(2]
SN
(o]
S
(2]
N
©
N
[$2]
O
[y
N
[$2]
N
o
a1
N
w
6]

Mean S1 . 54.60

0 52.14 5351 5489 50.6 49.60 49.17 48.91 48.60 48.33 48.08 50.39
) 4 70.38 69.10 68.74 53.6 51.34 4954 49.06 48.76 48.60 48.54 55.77
6 80.08 78.82 73.21 574 5513 5329 51.79 5052 4942 48.46 54.97
8 91.06 88.31 87.68 66.3 56.38 5456 52.01 50.77 49.71 48.77 64.56
Mean S2 57.63
Mean D 73.48 71.78 68.62 54.3 51.06 49.77 48.80 48.36 47.70 47.27
LSD 0.05 Interaction
S S*T
T S*D

D S*D
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Fig.9. The available N mgkg? of sandy loam soil
columns as affected by NSC application rates (T),
applied saline irrigation waters (S) and soil depth
increments (D) at the end of 8™ wetting/drying cycle
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Fig.10.The available P mgkg?® of sandy loam soil
columns as affected by NSC application rates (T),
applied saline irrigation waters (S) and soil depth
increments (D) at the end of 8" wetting/drying cycle
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Fig.11.The available K mgkg?! of sandy loam soil
columns as affected by NSC application rates (T),
applied saline irrigation waters (S) and soil depth
increments (D) at the end of 8" wetting/drying cycle

CONCLUSION

The influence of NSC rates on water movement
(infiltration & evaporation) and some chemical
properties EC, pH, ESP, CEC, OM and available NPK
content as well as SWC and AWC of sandy soil
columns on may due to its effects on aggregation and
welling. These phenomena may affect infiltration,
redistribution, capillary rise and evaporation as well as
enhancing chemical properties and available NPK
contents. In this study, results show that NSC rates may
improve aggregates stability of the surface treated depth
due predominantly to cementation action of humic acid,
which constitute 4.89 %. It may thus be inferred that
NSC may enhance infiltration rate and consequently
suppress evaporation (aggregation effect). The results
revealed that the influence of NSC on evaporation was
thus the result of opposing effects of aggregation and
swelling. This study revealed that the essential function
of NSC for enhancing the chemical properties and
available NPK contents, also the role of adding NSC
under saline waters was not effective in reducing
evaporation and decreasing infiltration mainly of the
nature of this soil conditioner. However, the role of
using of saline waters on studied soil chemical
properties and available NPK content generally
significant effective in enhancing these soil properties.
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Also, the expected outcomes will improve water use
efficiency, reduce rrigation frequency, improve yield
under saline irrigation waters and reduce leaching of
nutrients in sandy soils.
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