


4. RESULTS AND DISCUSSIONS

e

4.1. Effect of intermittent leaching using different elution

sequence on salinity and ionic composition of the

different segments of soil columns:

As mentioned before, this experiment included five eluting
solutions i.e. tap water (W;), El-Bostan drain water (W;), Seedy Ghazy
drain water (W), El-Hedaya irrigation canal (W3) and Haris drain water
(W,) applied under four sequences (Sq1, Sq2, Sq3 and Sq.).

The tested sequences different in the number of applications of
used sources of irrigation water i.e. 8¢, tap water one time followed by
one time of each other irrigation source. Sqz tap water one time
followed by two times of each irrigation source, three times of each
irrigation source following the tap water one time and four times of each
of all irrigation sources for Sq; and Sq4, respectively.

Data presented in Tables (5 to 12) and Figs. (2 to 9) illustrate the
redistribution of salinity and its components through the different depths
of soils as influenced by leaching using the different elution sequences.
Better understanding of the effect of each elution sequence requires
imposing the changes that may take place in the considered soil
properties due to usage of such an elution sequence.

4.1.1. Effect on soil salinity (EC) in soil saturation extract:

EC values of the different segments of each soil column are
shown in Table (5) and Fig. (2).
o Tap water as an eluting solution:

It is obvious that leaching soil by means of the tap water resulted
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in a decrease in EC values of all the studied soils. The reduction in EC
(AEC) averaged -1.36, -9.27 and -3.82 dSm™ in Badrashin, EI Nobaria
and El Ismailia soils, respectively corresponding to rate of the change of
reduction percentages (RC%) of 58.99, 84.24 and 86.82 % respectively.
These results indicate that using tap water under the tested conditions is
quite efficient to leach salts out of the three studied soils, yet it is worthy
to note that the leachability of the clayey soil (El Badrashin) was the
least while that of the sandy soil (EL Ismailia) was the highest. Such
variation in soil salt leachability is the final product of the soil-water
relationship and can be attributed mainly to the pore size distribution of
each soil. The drainable pores of the sandy soil are expected to be more
than those of the other two soils and hence more water was though to be
moved at each time unit through the sandy soil columns carrying more
dissolved salts out of these columns, It is worthy to refer here that such
observed trend for soils leachability is in consistence with soil hydraulic
conductivity (K) (Table 2) which amounted to 0.5, 1 and 22 for clay
(alluvial), calcareous (SCL) and sandy soils, respectively.

Depthwise distribution of salts (EC values) indicates that
intermittent leaching caused EC values to be highest in the surface
layers probably due to reverse movement of saline water during intervals

between successive water applications. Such an observation was more
obvious in the sandy clay loam soil than the other ones which give
further support to the above mentioned observation.

As for the other irrigation water sources, it is clear that the
intermittent leaching under the different elution sequences (Sy;, 8q, Sq3)
seemed to be of pronounced effect on reducing salinity of El Nobaria
and El Ismailia soils (the sandy clay loam and the sandy soils), yet g,
and Sq; only the tap water, alternatively applied with El Bostan drain
water (W;) and Seedy Ghazy drain water (W,) exhibited the same effect,
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but to a lesser extent, in El Badrashin soil (the clay soil). Intermittent
leaching using the elution sequence Sq; was of positive effect on
reducing salinity of the clayey soil when the water alternatively applied
with the tap water was that of EI Bostan drain water (W;) only.

The elution sequence (Sq.) generally resulted in accumulation of
soluble salts in the clayey soil. The accumulation of salts herein is a
consequence of the relatively high moisture content retained by the
clayey soil at the field capacity which means application of salts
equivalent to the amount of water retained at this moisture constant
multiplied by concentration of salts in the used water. Unlike what
occurred in the clays soil, the elution sequence (8¢.) caused soluble salts
to be leached out of the sandy clay loam and sandy soils probably due to
the low retentively of such soils for water at the field capacity.

Depthwise distribution of the soluble salts due to intermittent
Jeaching using the different elution sequences indicated relatively higher
accumulation of the uppermost surface layers of all the studied soils than
the layers below.

It could be concluded from data presented in Table (5) and the
aforementioned discussion that the amount of salts removed from the
soil columns increased with increasing the initial soil salt content. Also,
the fine textured soil (the clayey) lost (if it did) less amount of their salt
than the coarser textured ones. Such findings stand in well agreement
with those of Balba (1995) who stated that the clay soils retains greater
amounts of water hence the amount of salt retained from the saline water
was greater and that removed was less than the corresponding amounts
leached from the coarser textured soils.

An overlook on results in the aforementioned Table (5) makes us
deduce that the ability of the applied solution to carry the soil salt in its
passage through the soil columns decreases with the increase in the salt
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concentration of the applied water. This might be also explained as
being due to a decrease in the water’s ability to dissolve salts with the
increasing its original content of salts as suggested by Balba and
Bassiuni  (1977) in their studies on salts movement under leaching
process using tracer techniques and Ballba (1990).

However, it may be concluded that the probable hazard of saline
irrigation water could be very much restricted by introducing another
irrigation source of better quality though the course of soil irrigation
management.

The probable reduction in initial soil EC would be induced with

better irrigation water quality and higher initial soil salinity such as the
(calcareous soil tested).

4.1.2. Effect on soluble ions:

4.1.2.1. Effect on soluble anions:
A: Soluble bicarbonate (HCO ;):

It can be shown from data presented in Table (6) and Fig. (3) that
although the control water (tap-water) generally showed no clear effect
on the whole HCO'; content of the clayey soil, yet it reduced that of the
sandy clay loam and sandy soils by 41.88 and 17.67 %, respectively. All
the elution sequences resulted in serious reduction in HCO ' ; content of
both the clayey and sand clay loam (calcareous) soils but on the other
hand, caused general increase in HCO" 3 content of the sandy soil except
for some few cases where HCO'; content either remained almost
constant or tended to be slightly decreased.

HCO; distribution with depth did not show a fixed pattern where
its content in the different soil segments differed from a soil to another

and also within each soil due to the type of the water used for leaching
beside of the elution sequence.
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Such trend could be attributed to the high velocity of HCO's
movement either down ward or upward. The prolonged moisture
maintenance of the heavier textural soil under saturation or over
saturation conditions may encouraged the not down movement of soil
solution and hence the more soluble ions like the HCO'; .

B: Soluble chloride (Cl):

As it is shown from Table (7) and Fig. (4) intermittent leaching
using the control water, W), reduced the values of soluble CI in all the
investigated soils and within all soil depths. Relative reduction in
soluble CI" averaged 78.94, 94.05 and 94.38 % in the clayey, sand clay
loam and sandy soils, respectively. The efficiency of this method of
leaching seemed to be higher in leaching soluble CI” out of the relatively
coarse textured soils the sandy clay loam (calcareous) and the sandy
(noncalcareous) soils than the heavy textured one the clayey (alluvial)
soil. This is probably attributed to the higher retentive power of the
clayey soil for the saline water than the other two soils.

The observed variation between HCO'; and CT could be because
of the common ion effect where the bicarbonate ion concentration 1s
controlled by the soil lime content that supplies HCO'; instead of that
leached out to maintain the equilibrium state rather constant.

Leaching of all the soils using the elution sequence Sq;, §q2and
Sq; in which El Bostan drain water (W;) was alternatively applied with
the tap water (W) resulted in a reduction in soluble CI" values within the
different depths of all the investigated soils. Values of relative reduction
in CI' contents of the clayey soil due to these elution sequences seemed
far lower than those achieved due to application of the control water.
The corresponding values of relative reduction in CI contents of the
sandy clay loam (calcareous) and sandy soils achieved due to these
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elution sequences tended to be somewhat the lower than those achieved
due to intermittent leaching using the control water. The efficiency of
the used elution sequences seemed to be highest with (S¢;) and lowest
with (Sg¢3). Using El Bostan drain water (W;) for intermittent leaching of
all the investigated soils was also of reducing effect on soils contents of
soluble CI, yet values of relative change in CI” contents were lower than
those achieved due to the other sequences specially in case of the clayey
soil.

Expect for S¢; and Sq, in case of the clayey soil, intermittent
leaching using the elution sequences Sq;, ¢, S¢; and Sq,in which the
control water (W) was applied alternatively with Seedy Ghazy drain
water (W;) resulted general reduction in values of soluble CI” contents of
all the investigated soils. The relative reduction change in CI" values
seemed higher in the light textured soils (the sandy clay loam and the
sand loam soils) than the clayey one.

Also, the used elution sequences can be arranged descendingly
according to their efficiency in leaching CI" ions out of the investigated
soils in the following order: Sq; > Sq, > Sq; > Sq.,.

Unlike what occurred in the light textured soils, intermittent
leaching using the elution sequence Sq; and Seedy Ghazy drain water
(W>) resulted in more accumulation of soluble chloride. The relative
increases in the clayey soil content of soluble CI" were 5.38 and 14.16 %
upon using the elution sequences S¢; and Sq, respectively. Such
findings indicate that irrigation water of a quality such as that of Seedy
Ghazy drain water can be used in leaching light texture soils whether
upon its usage alternatively with tap water or even upon its usage solely
for intermittent leaching. However, it is of importance to avoid usage of
such water in leaching CT out of the clayey soil. Moreover using elution
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sequences in which such water is applied alternatively with tap water
should be conducted conditioned that the times of application of such
water does not exceed two times per each one of tap water.

Using water of El Hedaya irrigation canal (W) alternatively with
the tap water (W;) resulted in a similar effect on reducing soluble CI
contents of the investigated soils to that achieved upon usage of Seedy
Ghazy drain water especially in the sandy clay loam and sandy soils.
However, in case of the clayey soil, although the effect of the elution
sequence Sq; was similar to that attained in the sandy clay loam and
sandy soils, yet the elution sequence §¢; resulted in soluble CI" to
accumulate in such a soil. The elution sequences Sqs and Sqs were of
more pronounced effect on accumulation of soluble CT in the clayey
soil.

All the elution sequences i.e. 8¢z, S92, S¢3 and Sq, resulted from
alternative application of Haris drain water with the tap water (W;), were
of positive effect on reducing CI” contents of the light textured soils (the
sandy clay loam and the sandy soils). Values of the relative reduction in
CI ions in both the soils followed the order: Sq; > Sq; > $¢3 > Sq..

This order is expected due to the higher CI" content of Haris drain
water (W) 80.16 meL" than the tap water (W) 0.49 meL". On the other
hand, these elution sequences caused soluble CI' ions to accumulate in
the clayey soil. The high retentively of water in this soil may account for
accumulation of CI" in such soil.

Regarding depthwise distribution of soluble CT, it could be seen
that Cl” ions followed a pattern of distribution with depth similar to a
great extent, to that of soluble salts as expressed in EC values. Thus, CI
ions were higher in the surface layers of all the investigated soils that the
layers below.
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C: Soluble sulphate (S0,):

Data in Table (8) and Fig. (5) reveal the distribution of soluble
SO,/ among the different depths of the investigated soils due to
intermittent leaching of these soils using the proper elution sequences.

Intermittent leaching of the investigated soils using tap water
only caused SO,” contents of these soils to decrease. Average absolute
value of decrease was highest in the sandy clayey loam soil, lowest in
the sandy one and came in between in the clayey soil. However, value of
relative change in SO, content was highest in the sandy soil, lowest in
the clayey one and came in between in the sandy clay loam soil.

Intermittent leaching using elution sequences formed of tap water
(W) alternatively applied with El Bostan drain water i.e. 84, Sq; and
Sq; caused amounts of soluble $O,” to decrease in all depths of both the
sandy clay loam and sandy soil. The relative change (RC) in amounts of
soluble SO, averaged 66.31, 60.78 and 49.49 % upon usage of the
elution sequence Sgq;, Sq; and Sq; respectively in the sandy clay loam
soil. The corresponding (RC) values in the sandy soil were 77.62, 67.89
and 66.95% respectively. Successive applications of El Bostan drain
water only through the intermittent leaching process of both the sandy
clay loam and the sandy soils although caused relative removal of S0/
anions, yet this removal occurred to a lesser extent as compared with
that occurred due to intermittent leaching using the elution sequences
8¢, Sq; or Sqs. The relatively higher content of soluble SO/ in the
drain water as compared with the control water (tap water) may account
for such an observation. Once again, it could be observed that the effect
of all the studied elution sequences on reduction of amount of soluble
SO was more pronounced in the sandy clay loam soil than the sand
one, however the relative change in amounts of soluble SO,* was higher
in the latter than the former.
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Regarding effect of the aforementioned elution sequences on
cedistribution  of soluble SO, in the clayey soil, it could be noticed that
the sequences Sq; and Sq; only were of positive effect on reducing
amount of soluble SO, in the different depths of this soil. Unlike Sq;
and Sq,, the elution sequences Sq; and Sq, caused soluble SO/ to
accumulate in the clayey soil.

[ntermittent leaching using the tap water (Wy) alternatively with
Seedy Ghazy drain water although resulted in similar effect to that of El-
Bostan drain on redistribution of the soluble SO, within the different
depths of the clayey, sandy clay loam and sand soils, yet removal of
S0, in both the sandy clay loam and sandy soils was less pronounced.
Also, removal of soluble S0,/ from the clayey soil upon usage of the
sequences Sq; and Sqz2 was less pronounced. On the other hand, the
clution sequences Sq3and Sqq resulted in more accumulation of soluble
$0,/7 in all depths of the clayey soil.

Intermittent leaching of the investigated soils using El Hedaya

Irrigation canal (W5) seemed to be of less effect on removal of soluble
S0/ out of the different depths of these soils. Moreover, the elution
sequences S¢3 and Sq. resulted in accumulation of soluble S0/ in both
the clayey and sandy clay loam soils while these elution sequences
caused soluble SO/ contents of the sandy soil to be reduced. The
elution sequences ¢; and Sq, were also of a similar effect on removal of
soluble SO, out of the sandy soil but to a relatively larger extent than
Sq; or Sq.Alternative application of the tap water (Wo) with Haris drain
water (W;) resulted in accumulation of the soluble SO, in the different
depths of the studied soils expect for the elution sequence Sq; which
caused soluble SO/ to be reduced in both the sandy clay loam and the

sandy soils.
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4.1.2.2.Effect on soluble cations:

Data presented in Tables (9,10,11 and 12) reveal redistribution of
soluble cations within the different depths of the investigated soils due
to imntermittent leaching of these soils with different elution sequences of
tap water with either of the different used sources of water (W;,W,, W,
W),

A: Soluble (Ca®):

Data presented in Table (9) and Fig. (6) reveal that intermittent
leaching of the investigated soils with the tap water resulted in general
reduction in soil contents of soluble Ca®*. The effect was highest in the
sandy clay loam soil, lowest in the clayey one and came in between in
the sandy soil. Values of relative change in soluble Ca® were 73.04,

83.89 and 82.23 % in the clayey, sandy clay loam and sandy soils,
respectively.

Intermittent leaching using the different elution sequences Sq;,
8q2 Sq; and Sq, generally resulted in reduction in soluble Ca2' contents
of both the sandy clay loam and sandy soils whatever the water applied
alternatively with the tap water was.

However, intermittent leaching of the clayey soil resulted in
contradictory results depending on type of the sequence used besides of
type of the water used in this sequence. For example, upon using El
Bostan drain water (W) alternatively with the tap water, the elution
sequences Sg; and S¢;reduced the clayey soil content of soluble Ca2* by
40.6 and 25.58 %, respectively while the elution sequences Sg; and Sy,

resulted in increases in soil content of the soluble Ca®* by 1.69 and
32.93%, respectively.

When Seedy Ghazy drain water (W>) was used alternatively with
the tap water, all the elution sequences were able to reduce soluble Ca?"*
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content. The reduction was highest upon using the elution sequence Sq;
and tended to be reduced by increasing times of using the drain water in
each sequence, hence this reduction was lowest upon using Sg, in
leaching the soil.

Unlike the effect of the elution sequences that were conducted
using Seedy Ghazy drain water alternatively with the tap water, all the
elution sequences resulted from the alternative usage of the tap water
with water of either El Hedaya irrigation canal (Wj3) or Haris drain
resulted in increase in soil content of soluble Ca’. The increase seemed
more pronounced upon usage of Haris drain water than El Hedaya
irrigation canal. Also, it seemed higher by increasing times of usage of
the bad quality water in the studied elution sequences.

B: Soluble magnesium (Mg""):

It seems from data presented in Table (10) and Fig. (7) that all the
elution sequences resulted from the alternative usage of the tap water
with either of E1 Bostan drain water (W), Seedy Ghazy drain water (W2)
or FEl Hedaya irrigation canal water (W) reduced soil content of soluble

Mg”". The effect although seemed lower than that resulted due to usage
of the tap water only, yet it seemed to be highest by reduction in times of
usage the other sources of water i.e. W;, W;and W;. Also, intermittent
leaching through usage of elution sequences in which (W;) was the
water to be used alternatively with the tap water was of higher effect on
reducing Mg’* content than the corresponding ones in which (W?) or
(W;) was used. Intermittent leaching using elution sequences consists of
Haris drain water (W,) alternatively with tap water (W) resulted in
contradictory effects on both the sandy clay loam and the sandy soils
contents of the soluble Mg®*. All the elution sequences expect for Sq,
caused soluble Mg®* to be reduced in the sandy clay loam soil, while Sgq,
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and Sq, were the only elution sequence which caused soluble Mg®" to be
reduced in the sandy soil.

Intermittent leaching of the clayey soil using all the elution
sequences in which W; or W, was alternatively applied with W, was
generally of reducible effect on its content of soluble Mg** with the
effect of §¢,> 8¢, > Sq; > Sq, When W; was used instead of W or W,
similar but lower effect on reduction of soluble Mg** was noticed. This
was true upon usage of all the elution sequences expect for Sq, which
caused soluble Mg to be very slightly accumulated in the clayey soil.
When Haris drain water W, was applied alternatively with the tap water,
soluble Mg increased in all layers of the clayey soil, the increase
followed the order: Sq; > Sq, > Sg¢; > 84,4. Such an order seemed to be a
final product of the used water contents of soluble Mg,

C: Soluble Sodium (Na*):

As it was expected, data presented in Table (11) and Fig. (8)
reveal that intermittent leaching of all the studied soils with the tap water
(W) caused soluble Na* content to be decreased in all the studied soils,
however values of relative reduction (RC) seemed to be highest in the
sandy soil which is well known by its relatively high percentage of the
drainable pores, lowest in the clayey soil which is well know by its high
retentively for water, and came in between in the sandy clay loam soil
which is between the clayey and sandy soil in its drainablility and
retentively of water though tending more towards the sandy one.

Effect of intermittent leaching using the different elution
sequences resulted from the alternative usage of the tap water (W,) with
either of the studied water qualities ie. W, W, W; or W, on
redistribution of soluble Na* within the different depths of the
investigated soils seemed to be similar to some extent, to that shown on
soluble CT where general reduction in soluble Na* content occurred in
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both the sandy clay loam and sandy soils due to all the elution sequences
that consist of the alternative application of the (W) with W;, W,, W3
or W, expect for Sq;and Sq, when the alternatively applied water was
W, in case of the sandy clay loam where soluble Na' tended to
accumulate.

The elution sequences 8¢;, 892, S¢; and Sq, resulted increase in
soluble Na® content of the clayey soil when the water alternatively
applied with the tap water was W, W3 or W, expect for Sg; in case of
application of W On the other hand, all the elution sequences except
for Sq, that consisted of alternative application of the tap water with
(W;) resulted in reduction in the clay soil content of soluble Na'.

D: Soluble Potassium (K'):

Results presented in Table (12) and Fig. (9) reveal that using tap
water (W) for intermittent leaching of the investigated soils resulted in

decrease in soluble K* content of these soils. The relative change (RC)
was highest in the sandy clay loam soil (56.34 %) followed by the sandy
one (27.62%) and finally the clayey soil (13.16%).

Using the tested water qualities alternatively with the tap water in
different sequences caused soluble K" to increase in the clayey soil. The

relative increase in soluble K content was lowest when El Bostan drain
water (W;) was applied alternatively with the tap water (W,). When the
used water was that of Seedy Ghazy drain the soil content of soluble K*
was more obvious. When water of El Hedaya irrigation canal (W3) was
used instead of Seedy Ghazy drain water the clay soil content of soluble
K" increased and the increase become most pronounced when Haris
drain water was used. Also, the effect of the elution sequences on
accumulation of soluble K" in the clayey soil followed the order: S¢; >
Sq.> Sq; > Sq..
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Unlike the effect of the different used elution sequences and
water qualities on soluble K" in the clayey soil, intermittent leaching of
the sandy clay loam was associated with decrease in soil content of
soluble K" regardless of quality of the used water. However, the used
elution sequences can be arranged according to their efficiencies in this
concern as follows: Sq; > S8q,>Sq; > $§q,. Intermittent leaching of the
sandy soil using the different water qualities except for (W;) in the
different elution sequences resulted in accumulation of soluble K*
followed the order Sq,>Sq;>Sq, > Sq;. When El Bostan drain water
(Wi) was used in the different sequences with the tap water (W,), all the
elution sequences resulted in reduction in soil content of soluble K*
expect for Sgq,,.

As a general conclusion of this part of study it could be depthwise
distribution of Ca, Mg, Na and K reveals that these cations were found
to be generally highest in the surface layer of all the investigated soils,
however, concentrations of those elements differed with depth

depending on quality of the water, type of the soil, and type of the
cation itself.

Also it could be concluded that the soluble cations in the different
segments of the studied soils in the following order Na > Ca > Mg>K.
This cations concentration order agrees well with that of Somaya et al,
(1993), who added that the concentration of most cations and anions in
soils increased with increasing salt concentration in irrigation water.

4.2. Soluble salts redistribution in soils under intermittent
leaching using normal and magnetized waters:

Data presented in Table (13) and Fig. (10) reveal values of EC in
(dSm ') in the different depths of the studies soils due to leaching them
with saline and magnetized saline waters. It could be seen from the table
that using El Bostan drain water (W;) resulted in decreases in EC values
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of all the investigated soils, however the rate of change (RC) was
highest in the sandy clay loam soil and lowest in the clayey one and
came in between in the sandy soil. Magnetizing this type of water (W)
caused rate of change to be more obvious in all the investigated soils
where it increased from 14.49, 70.00 and 65.91 % to 21.74, 79.24 and
74.47 % in the clayey, sandy clay loam and the sandy soils, respectively.

Using Seedy Ghazy drain water (W,) for intermittent leaching of
the soils was of positive effect on removal of soluble salts from both the
sandy clay loam and sandy soils whereas on contrary it caused soluble
salts to accumulate in the clayey soil. However rate of change in EC
value was slightly higher in the sandy clay loam soil than the sandy one.
The accumulation of soluble salts in the clayey soil might be attributed
to its high retentively of water and consequently soluble salts. Similar
results were attained by Alawi et al, (1980) who found that irrigation of
clay soil with saline waters led to a marked accumulation of total soluble
salts. Abd-Allah (1988) and Mostafa et al, (1992) went almost to similar
results.

Magnetizing Seedy Ghazy drain water caused its removal effect
on soluble salts of the sandy clay loam and sandy soils to increase where
rate of change in EC values of these soils increased from 62.52 and
60.61 % to 74.70 and 71.59 %, respectively. Moreover, the
magnetization of (W) water and its usage in intermittent leaching
resulted in reduction in EC value of the clayey soil i.e. it resulted in
removal of soluble salts instead of increasing it upon utilization of the
same type of water (W) but without being magnetized. Such a finding
reveals that application of magnetic technology in treating saline water
may improve its effect on leaching soluble salts of the salt affected soils.
However, it could be said that the effect seemed to be more pronounced
n the light textured soils than heavy textured ones.
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The effect of using water of El Hedaya irrigation canal (W3) for
intermittent leaching of the investigated soils seemed somewhat like that
of Seedy Ghazy drain water (W,) i.e. it caused reduction in EC value of
both the sandy clay loam and sandy soils whereas the reverse was true in
the clayey soil. Using such a water (W;) after being magnetized
increased rate of reduction in EC value (RC) of the sandy clay loam and
sandy soils from (39.09 and 51.89 %) to (62.64 and 63.64 %),
respectively. The magnetization of (W;) water and using it in
intermittent leaching although did not cause removal of soluble salts of
the clayey soil, yet it led to less accumulation of soluble salts within
layers of this soil where the average rate of accumulation of soluble salts
expressed as EC value was reduced from (36.96 %) to only (10.29%).
Once again, the aforementioned results impose the beneficial effect of

magnetization of water on its efficiency in leaching soluble salts out of
soils.

Haris drain water (W,) seemed to be of the least effect on
leaching soluble salts out of the sandy soil (rate of change was 13.64 %).
This type of water (W,) on the other hand caused soluble salts to
accumulate in both the sandy clay loam and clayey soils. The high
soluble salt content of this type of water besides the relatively higher
retentively of water by the sandy clay loam soil and the high water

retentively by the clayey soil account for such a finding under condition
of intermittent leaching of these soils.

Magnetizing Haris drain water (W) seemed to reduce rate of
accumulation of soluble salts in the clayey soil from 234.06 to 142.75.
Moreover, it caused reduction in soluble salt content of the sandy clay

loam averaged (33.70 %) and increased reductively of EC value in the
sandy soil from 13.64 to 37.88 %.
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Depthwise distribution of EC values indicates that these value
were highest generally, in the surface layer (0-15 cm) and tended to be
lower in the layer below though a very slight difference could be
observed between EC values of the subsurface layer (15-30 ¢cm) and the
deepest one. This pattern of soluble salt distribution characterized all the
investigated soils under leaching with the different used water qualities
whether they were unmagnetized or after they have been magnetized.

The results obtained herein agree with that of Hilal and Hilal
2000) who found that sandy loam soil pots irrigated with highly saline
water continued to retains salts with much greater rate as compared to
bots irrigated magnetized saline water. They added that moisture loss by
zvaporation was lower with magnetized water. According to
Tkatchenko (1997), magnetic field causes the hydration of salt ions and
sthers impurities to slide down and cause better salt solubility, Kinetic
zhanges of salt crystallization and accelerated coagulation.

1.2.1.Soluble anions:

4: Soluble bicarbonate (HCO5):

It seems from data presented in Table (14) and Fig. (11) that

1sing El Bostan drain water (W)) for intermittent leaching of the clayey
ind sandy loam clay soils generally reduced their contents of soluble
HCOj5, however, rate of change seemed higher in the clayey soil than
he sandy clay loam one. The effect of (W)) water on the HCOj3 content
>f the sandy soil seemed contradictory to that achieved in the other two
nes 1.e. it caused soluble HCOj content to in increase at a rate of 74.25
%o.

Magnetization of El Bostan drain water improved its effect on
eaching soluble HCOj; out of both the clayey and sandy clay loam soil,
vhere the rates of change in these soils increased from 17.57 and 13.51
%o to 20.28 and 25.57 %, respectively. This means that the magnetized
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water was of more noticeable effect on leaching HCOj5 out of the clayey
loam soil than the clayey one.

Tkatchenko (1997) and Hilal and Hilal (2000) reported similar
results where they concluded that magnetized water was of pronounced
higher ability on removing HCOj than normal water.

The effect of (W) water on accumulation of soluble HCOj' in the
sandy soil was reduced due to magnetizing this water where rate of
accumulation of soluble HCO; was reduced from 74.25 to 23.93%.

Usage of Seedy Ghazy drain water (W) for intermittent leaching
of the studied soils resulted in general decrease in HCOj content of the
sandy clay loam only with a rate of change about 6.22%. On other hand,
such a water caused HCOj5 ions to accumulate in both the clayey and
sandy soils, yet rate of accumulation was higher in the sandy soil than in
the clayey one.

Magnetizing Seedy Ghazy drain water (W) although adversed its
effect on soluble HCO; content of the clayey soil i.e. decreased its
content of HCO; by about 15.68%, yet it only reduced accumulation of
soluble HCO; content of the sandy soil from 75.11 to 47.38 %. The
reducing effect of the magnetized water on soluble HCOj content of the
sandy clay loam soil increased from an average of 6.22 to 23.84 %.

The effect of intermittent leaching of the studied soils using water
of El Hedaya irrigation canal (W3) seemed to be similar to that of Seedy
Ghazy drain water but values of rate of change in soils content of
soluble HCO; varied from those previously attained. Also, magnetizing
this water resulted decrease in soluble HCOj contents of both the clayey
and the sandy clay loam soils but only reduced magnitude of
accumulation of soluble HCOj in the sandy soil.

Haris drain water (W) was of reducible effect on HCOj5 content
of the clayey soil only, however, magnetizing this water caused it to
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reduce soluble HCOj5 content of the sandy clay loam and also to reduce
rate of accumulation of soluble HCOj in the sandy soil from 59.02 to
48.75 %.

The aforementioned finding might be attributed to that, the high
salinity level of soil solution inhibits the dissolution of nonsoluble
carbonate composition soil (Mostafa et al, 1992).

Distribution of soluble HCOjs showed patterns differed from a
soil to another.

In the clayey soil, the HCO5 content was generally highest in the
subsurface layer. This was true upon usage of all the investigated water
qualities except for that of Haris drain were intermittent leaching of the
clayey soil using this water caused HCOj content to be highest in the
subsurface layer and tended to decrease depthwise. This occurred
whether the used waters were magnetized or not.

In the sandy clay loam HCOs was highest in the surface layer
followed by the deepest one. This occurred generally, regardless of
quality of the used water. Magnetization of the water used for leaching
seemed to be of no effect on changing pattern of HCQ5 distribution
within the different depths of the sandy clay loam soil.

Pattern of distribution of HCOj within the different depths of the
sandy soil leached with the non-magnetized water qualities differed
completely from that attained upon leaching this soil with the types of
waters after being magnetized. The non-magnetized waters resulted in a
pattern characterized by presence of HCOj5 in highest concentration in
the surface layer (0-15 cm) whereas the magnetized waters resulted in a
HCOj depthwise distribution pattern characterized by presence of
HCOjy in a highest concentration in the deepest layer (30-45 cm). This
phenomenon might be due to the dipole magnetic unit used for
magnetizing the used waters achieves its maximum magnetic effect for

Results and Discussions

83



Table (14 ) : Soluble bicarbonate (me L~ ! ) in saturation paste extract of soils
columns as affected with magnetization of irrigation water .

Soil Depth Irrigation water L.S.D
type (cm) w, | W, [ W, | w, at 0.05 level
Magnetized irrigation water
0-15 2.08 243 2.51 2.08 ‘N.§
15-30 | 2.60 2.78 2.78 1.82 *N.S
30-45 2.08 1.94 222 2.08 0.19
Average| 2.25 238 2.50 1.99 |Treat.*Depth : ‘NS
\HCO,| 043 -0.33 -0.24  -0.63 |Treat.*Water: 0.27
; %RC*™ | 20.28 1568 1144 _ 29.48 |Depth*Water : 0.33
s Nonmagnetized irrigation water Treat.*Depth*Water :  0.47
0-15 2.41 3.05 3.05 2.22
15-30 | 250 3.24 3.98 1.94
30-45 2.08 2.69 2.87 2.20
Average| 233 2.99 3.30 212
/AHCO,| -0.37 013 036 -0.53
SoRC*™ | 17.57 590 1675 2500
Magnetized irrigation water
015 3.68 3.61 3.89 4.16 o0.10
= 15-30 3.12 3.33 3.38 3.61 0.12
S |3045| 351 361 361 416 0.16
S |Aversge| 344 352 363 398 |Treat*Depth: NS
:g_-," AHCO,| -0.55 -0.52 -047  -0.30 |Treat*Water: 0.22
E %RC™ | 2557 23.83 2145 13.87 |Depth*Water: 0.27
2 Nonmagnetized irrigation water Treat.*Depth*Water :  0.39
‘;;: 0-15 4.44 4.68 4.59 525
'E 1530 | 338 389 389 416
;75 30-45 4.16 4.42 4.68 4.44
Average| 3.99  4.33 4.39 4.62
AHCO,| -0.29 -0.13 011 0.00
%RC™ | 13.51 6.22 4.99 0.00
Magnetized irrigation water
0-15 212 250 286 278 0.13
15-30 252 2.78 2.95 2.86 *N.§
30-45 2.60 3.33 3.33 3.05 0.21
Average | 247 287 3.05 2.90 |Treat.*Depth : 0.23
/AHCO,| 0.09 018 021  0.18 |Treat*Water: 0.30
X | %RC*™ | 23.93 47.38 5645 48.75 |Depth*Water: 0.37
E Nonmagnetized irrigation water Treat. *Depth*Water :  0.52
% 045 | 435 361 468 338
15-30 3.05 3.33 4.42 3.05
3045 | 278 3.29 3.90 2.86
Average| 339 341 4.33 3.10
V\HCO,| 027 028 045 022
%RC*™ | 7425 7511 122.52 59.02
* N.5.= not significant.
**RC= rate of change.
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hydro carbonate HCOj; water (Tkatchenko, 1997). Thus, HCOs
became more easily to be moved down and hence, tended to accumulate
downwards upon using the magnetized waters for leaching the
investigated soil.

B: Soluble chloride (CI):

Usage of El Bostan drain water (W)) or Seedy Ghazy drain water
(W,) for intermittent leaching of the studied soils whether without
magnetization or after being magnetized generally reduced soils content
of CI" ions. Tkatchenko (1997) found that magnetized water removed
50% to 80% of soil CI'compared to a removal of only 30% by normal
water.

One exception was observed when the non-magnetized Seedy
Ghazy drain water was used for leaching the clayey soil where soluble
CI" ions tended to accumulate at rate of change of about 18.86 %. The
data in Table (15)and Fig. (12) declared the effect of magnetization of
water on increasing its efficiency of the used waters (W) and W) on
removal of soluble CI" out of all studied soils.

Intermittent leaching of both the sandy clay loam and sandy soils
using water of either El Hedaya irrigation canal (W;) or Haris drain (W;)
resulted in reduction in soils content of soluble CI". On the other hand,
such waters led to accumulation of soluble CI in the clayey soil with
rate of change far higher upon utilization of (W;) than (W3). The higher
CI" content of (W,) than (W5) accounts for such a finding. Magnetization
of the previously water qualities (W; and W) increased their reducing
effect on soluble CI" contents of both the sandy clay loam and sandy
soils from 75.70 and 83.99 to 87.51 and 84.57 %, respectively in case of
(W5) corresponding to reduction percentage from 8.12 and 16.80 to
61.40 and 44.76 %, respectively in case of (W }).
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Table (15) : Seluble chloride (me L~ ! ) in saturation paste extract of soils

columns as affected with magnetization of irrigation water .

Soil Depth Trrigation water L.S.D
type (cm) W, w, | w, [ w, at 0.05 level
Magnetized irrigation water
0-15 3.76 6.93 8.15 41.88 | Treat. : 1.65
15-30 2.82 4.70 6.27 25,07 |Depth: 202
30-45 3.45 5.64 6.89 31.02 |Water : 2.61
Average| 3.34 576 710 32.66 |Treat.*Depth : 2.86
&Cl‘. -3.07 -1.26 -0.25 18.91 |Treat.*Water : 3.69
:E %RC** | 55.06 22.63 4.53 338.93 | Depth*Water : 4.52
& Nonmagnetized irrigation water Treat.*Depth*Water ;:  6.39
0-15 7.92 11.51 14.73  71.60
15-30 310 7.51 8.68 38.06
30-45 3.68 7.51 7.13 42.61
Average | 4.90 8.84 10.18 50.76
Acr. | 191 105 206 3249
%RC*™ | 34.14 18.86 36.83 582.21
Magnetized irrigation water
0-15 4.07 8.15 14.10 41.36 | Treat. : 0.90
= 15-30 3.29 5.95 6.27 20.37 |Depth : 1.10
S 3045 | 376 820 752 2444 |Water: 1.42
E Average| 3.71 7.43 9.30 28.72 |Treat.*Depth : 1.56
3 |Acr. | 3323 3148 3060  -21.47 |Treat*Water: 2.01
E %RC** | 95.02 90.01 87.51 61.40 | Depth*Water : 247
.:%\ Nonmagnetized irrigation water Treat.*Depth*Water :  3.49
"3 0-15 13.43 21.64 30.06 108.79
-:E‘ 1530 | 457 614 1111 4025
& 30-45 | 671 9.50  13.07 5605
Average 8.24 12.43 18.08 68.36
Acr. | st10 2913 -2647 284
%RC*™ | 8892 83.30 75.70 8.12
Magnetized irrigation water
0-15 2.82 3.45 517 15.67 | Treat. : 0.38
15-30 2.19 2.19 2.82 10.97 |Depth : 0.47
30-45 1.88 1.88 2.34 10.34 | Water : 0.60
Average 2.30 2.51 3.44 12.33 |Treat.*Depth : 0.66
Acr. | 380 376 359  -1.90 |Treat*Water: 0.85
& %RC*™ | 89.71 88.77  84.57  44.76 |Depth*Water : 1.04
% Nonmagnetized irrigation water Treat.*Depth*Water :  1.48
o 0-15 3.51 4.21 4.70 24.88
15-30 229 2.94 3.01 14.70
30-45 .10 2.94 3.01 16.12
Average| 297 3.36 3.57 18.57
Acr. -3.68 360 -356  -0.71
%RC** | 8671 8493 8399 1680

* N.S.= not significant.
**RC= rate of change.
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Concentration was highest in the surface layers (0-15 cm) of all
the investigated soils, lowest in the subsurface layer (15-30 cm) and
came in between in the deepest one (30-45 cm). No certain effect for
magnetizing the water or the type of the used water could be observed
on redistribution of the soluble CI” within the different soil depths.

C: Soluble sulphate (S042_'£

Data in Table (16) and Fig. (13) illustrate that except for the
clayey soils, intermittent leaching of the soils with the non-magnetized
as well as the magnetized saline water (W) and W,) resulted in partial
removal of soils contents of soluble $O,”. The magnitudes of removal
and consequently the rate of reduction in soluble SO,* content were
higher in case of the magnetized waters than in the case of the non-
magnetized ones. Hilal and Hilal (2000) went almost to similar results
and indicated that magnetized water has doubled the leaching of SO,%".

Regarding the clayey soil, its leaching with El Bostan drain water
(W) whether before magnetization or after being magnetized resulted in
reduction in its soluble SO, content yet rate of reduction increased
upon utilization of the magnetized water from 0.30 to 9.85 %. Leaching
of this clay soil with the non-magnetized water of Seedy Ghazy drain
water (W,) caused its content of soluble SO, to increase by 27.21 %.
However, magnetization of such water caused its original soluble SO,
content to increase to 11.22 % only.

The intermittent leaching of the investigated soils by usage of
water of either El Hedaya irrigation canal (W;), or Haris drain (W)
exerted effect on soluble SO, content of the investigated soils similar
to those shown upon utilization of Seedy Ghazy drain water (W,) expect
for the sandy clay loam soil when it was leached with El Hedaya drain
water (W;) after being magnetized where such a water caused the
original soluble $O,” content to increase by 3.71%. However it showed
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Table (16 ) : Soluble sulphate (me L™" ) in saturation paste extract of soils
columns as affected with magnetization of irrigation water .

Soil Depth Irrigation water LS.D
type (cm) w, | w, T ws [ w, at 0.05 level
Magnetized irrigation water
0-15 13.76 17.54 19.72 29.01 | Treat.: 0.98
15-30 11.50 13.39 1500 27.87 |Depth: 1.20
30-45 10.98 13.78 13.96 19.14 |Water : 1.55
Average | 1208 14.90 16.23 2534 |Treat.*Depth : 1.70
A S0 | 099 113 212 896 |Treat*Water: 2.19
& |urce| 985 1122 2109 89.10 | Deptiewater: 268
6 Nonmagnetized irrigation water Treat.*Depth*Water:  3.80

015 | 1565 2237 2451 4546
15-30 | 12.07 1663 1740 42.74
3045 | 1236 1214 1576 25.51
Average | 1336 17.05 19.22 37.90

A soX| 003 274 437 1838
%RC™ |- 0.30 2721 4346 182.86

Magnetized irrigation water

015 | 19.13 2206 3253 61.58 | Trear.: 1.51
15-30 | 74.97 1631 30.81 4512 |Deptn: 1.85
3045 | 14.66 1728 29.95 43.77 |Water: 238
Average | 76.25 18.55 31.10  50.16 |Treat.*Depth : 2.61
A SO | -1509 -1401 811 0.84 |Treat*Water: 3.37
%RC™ | 66.39 61.64 3570  3.71 |Depth*Water: 4.13

Nonmagnetized irrigation water Treat.*Depth*Water :  5.84
015 | 3357 4145 7191 7892
15-30 | 17.28 2470 4418 7115

30-45 17.84 2193 5015 54.76
Average | 22.90 2936 5541 6828

A sor| -11.97 893 331 9.3
%RC*™ | 52.66 3929 1458 41.18

Sandy clay loam (calcareous)

Magnetized irrigation water

0-15 8.82 10.89 16.37 22.06 | Treat. : 0.46
15-30 5.88 7.04 8.95 13.72 |Depth : 0.56
30-45 5.90 6.84 7.31 7.16 | Water : 0.72
Average | 6.87 8.26 10.88  14.31 |Treat.*Depth : 0.79
A S0>| -256 229 179  -1.14 |Treat*Water: 1.02
) %RC™ | 66.20 59.36 4646 _ 29.55 |Depth*Water : 1.25
5 Nonmagnetized irrigation water Treat.*Depth*Water :  1.77
e 015 | 1290 1748 2070 27.73
15-30 7.84 10.47 11.20 17.84
30-45 7.48 8.48 11.17  13.10
Average | 9.471 12.14 1436 19.56
A so| -207 155 -1.13 014
%RC*™ | 53.70 4023 2933 374
"RC= rate of change.
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Fig. (13) : Soluble sulphate (me ) ) in saturation paste extract of soils
columns as affected with magnetization of irrigation water .
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by indicated that magnitudes and rates of change varied depending on
type of the investigated soil.

SO, ions landed to be highest in the surface layer of all the
investigated soils and decreased downwards. Neither the magnetization
of the used waters not their quality could portray any change on §0,*
depthwise distribution pattern. However, accumulation of S0,” ions in
the surface layer might be due the formation of relatively in soluble
sulphate salts not easily to be leached downwards.

4.2.2. Soluble cations:
A: Soluble calcium (Ca*):

Data presented in Table (17) and Fig. (14) shows that soluble
calcium Ca®* content of all the studied soils decreased due to
intermittent leaching of these soils using the saline water of El Bostan
drain (W) or Seedy Ghazy drain (W,) whether before magnetization of
these waters or after these waters have been magnetized. Magnetization
of El Bostan drain water (W) caused reduction in soluble Ca®* content
of the studied soils to increase from (13.64, 75.32 and 70.94 %) to

(24.95, 83.06 and 81.93%) in the clayey, sandy clay loam and sandy
soils, respectively.

Magnetized water of Seedy Ghazy (W) drain reduced the
original soluble contents of the clayey, sandy clay loam and sandy soils
by (0.16, 64.32 and 68.76 %), respectively upon usage of this water after
being magnetized for intermittent leaching of the studied soils.

The effect of intermittent leaching using water of EI Hedaya
canal (W3) on reducing soluble Ca® contents of both the sandy clay
loam seemed identical to that achieved due to usage of Haris drain water

(W,). This was true whether the waters were used before being
magnetized or after have been magnetized.
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Table (17) : Soluble calcium (me L~ ! ) in saturation paste extract of . soils

columns as affected with magnetization of irrigation water .

Seil Depth Irrigation water LSD
type (cm) w, | w [ w, I W, at 0.05 level
Magnetized irrigation water
0-15 5.27 5.61 6.18 13.26 | Treat.: 0.46
15-30 | 4.59 5.15 544 10.30 |Depth : 0.56
30-45 4.34 515 5.44 9.50 |Water : 0.73
Average| 4.73 5.30 5.69 11.02 |Treat.*Depth : *N.S
A G| 118 075 047 3.54 |Treat*Water: 1.03
=
2 %RC™ | 2495 1591 9.83  74.74_|Depth*Water : 1.26
% Nonmagnetized irrigation water Treat.*Depth*Water :  1.79

0-15 6.55 7.72 9.79 21.36
15-30 | 515 567 859  19.04
30-45 | 4.64 5.50 6.36 14.79
Average | 545 6.30 825 18.40

A ca®| 065 -001 146  9.07
%RC™ | 73.64  0.16 _ 30.76 _ 191.70

Magnetized irrigation water

015 | 629 721 1140 2242 | Treat: 0.59
= 1530 | 595 670 10.37  19.55 |Depth: 0.72
3 3045 | 510 584 969 1717 |Water: 0.93
5 |Aversge| 578 658 1049 19.61 |Treat Depth: 1.02
:&_ A Ca”| -13.32 1295 -11.11__ -6.82 |Treat.*Water : 1.32
§ |wRc-| 8306 8071 69.27  42.53 |Depth*Water : 1.62
2 Nonmagnetized irrigation water Treat.*Depth*Water :  2.28
%‘ 015 | 1134 1850 2524 3142

-E* 1530 | 707 1030 2009 2884

;z 30-45 6.86 7.73 16.48 23.46

Average| 842 12.18_ 20.60 _ 27.91
A ca®| -1208 -1032 -636 -292
wRC™ | 7532 6432 39.63_ 18.23

Magnetized irrigation water

015 | 367 374 549 740 | Trea.: 0.24
1530 | 289 332 374 412 |Depth: 0.30
3045 | 258 258 281 291 |Water: 0.38
Average | 3.03 3.21 4.01 4.81 |Treat.*Depth : *N.S
A ca®*| 251 -248 233  -2.18 |Treat*Water: N.§
RC™ | 81.39 8024 7532 7042 |Depth*Water: 0.67

Nonmagnetized irrigation water Treat.*Depth*Water:  0.94
0-15 5.76 6.53 8.33 9.18
15-30 4.30 4.59 4.64 6.53
30-45 4.12 4.12 4.09 5.76
Average | 4.73 5.08 5.69 7.16
A Ca"| 219 212 201 173
*%RC*™ | 70.94 68.76 6503 5599

Sandy

* N.S.= not significant.
**RC= rate of change.
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Fig. (14) : Soluble caicium (me L"" ) in saturation paste extract of soils
columns as affected with magnetization of irrigation water .
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Application of non-magnetized water (W3and W,) to the clayey
soil resulted in increases in its original content of the soluble Ca**
estimated by (30.76 and 191.70 %) , respectively. Intermittent leaching
of El Hedaya canal water (W3) after has being magnetized to the clayey
soil, on the other hand, decreased its original content of soluble Ca®* be
about 9.83 %. Magnetizing Haris drain water (W,) reduced
accumulation of soluble Ca** in the clayey soil from (191.70 to 74.74
%). This means that magnetization of Haris drain water though was of a
reducing effect on accumulation of soluble Ca’* in the clayey soil, yet it
did not succeed in lowering its content of soluble Ca*" below its original
level. The high retentively of the clayey soil for water and consequently
soluble Ca’* may account for such a finding. Also, the higher cation
exchange capacity of the clayey soil than the other mvestlgated soils
may give reason for the higher retentively of the clayey soil for Ca** due
to its presence as a counter in for the negative charge present on the clay
particles.

Depthwise ~distribution pattern of Ca’* cations seemed to be
identical with that of SO, anions i.e. these ions where found in highest
concentration in the surface layers and tended to decrease depthwise.
Magnitudes of Ca®* concentrations though were reduced in the different
soil depths due magnetization of water, yet pattern of depthwise
distribution of Ca’* remained unaffected by this process.

B: Soluble magnesium (Mg”):

Table (18) and Fig. (15) shows that usage of either of El Bostan
drain water (W;), Seedy Ghazy drain water (W,) or El Hedaya canal

water (W;) resulted in reduction in original soil content of the soluble
Mg®>*. This was true for all soils whether upon usage of the non-
magnetized waters or the magnetized ones. However, percentage of
reduction seemed dependent not only on type of the leached soil and
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Table (18) : Soluble magnesium (me L™’ ) in saturation paste extract of soils
columns as affected with magnetization of irrigation water .

Soil Depth Irrigation water L.S.D
type m) | w, | w, T w, [ w, at 0.05 level
Magnetized irrigation water
0-15 3.17 3.49 3.64 9.63 | Treat.: 0.06
15-30 | 255 2.99 3.22 5.83 |Depth : 0.08
3045 | 282 3.33 3.33 8.81 | Water : 0.14
Average | 285 3.27 3.40 8.09 |Treat.*Depth : 017
AME"| 126 094 084 268 |Trestwater: 0.28
S [urce| 3702 2765 2485 7898 |peptswer- 0.41
S Nonmagnetized irrigation water Treat.*Depth*Water :  0.83

0-15 3.85 4.32 4.75 18.83
15-30 2.38 333 3.39 7.45
30-45 3.34 3.50 4.55 11.54

Average| 3.79 3.72 4.23 1261

AMg"| 100 060 -022 607
%RC™ | 2942 17.77 642 17897

Magnetized irrigation water

015 | 566 576 729  18.69 | Trear : 0.08
1530 | 333 461 647 1164 |Deptn: 0.12
3045 | 391 550 656  13.60 |Warter: 0.20
Average | 4.30 5.29 6.77 _ 14.64 |Treat.*Depth : 0.24
AMg"| 1114 1067 998  6.28 |Trest*Water: 0.39
%RC*™ | 8464 81.11 7581 47.70 |Depth*Warer : 0.59

Nonmagnetized irrigation water Treat.*Depth*Water :  1.18
0-15 7.67 10.82 13.87 43.08
15-30 3.80 5.28 9.46 17.15

30-45 4.45 5.50 10.92  18.37
Average | 5371 7.20 1142  26.20

A Mg”| .1067 978 779 -085

%RC* | 81.05 7429 5923 6.43
Magnetized irrigation water

Sandy clay loam (calcareous)

0-15 2.56 3.39 4.98 527 | Treat. : *N.S
15-30 1.74 1.91 2.06 2.90 |Depth : 0.03
30-45 1.91 2.37 243 3.70 |Water : 0.05
Average| 207 256 3.16 3.96 | Treat.*Depth : 0.06
AME"| 074 064 053 -0.38 |Treat Water: 0.10
& %RC™ | 6519  57.01 4692 3347 Depth*Water : 0.16
§ Nonmagnetized irrigation water Treat.*Depth*Water : 0,31
"’ 015 | 353 498 527 765
15-30 1.91 2.43 2.74 3.88
30-45 2.74 2.90 3.88 4.98
Average| 273 3.44 3.96 5.50
A Mg”| 061 048 038 -0.08
RC™ | 5415 4222 3336 747
*N.S.= not significant,

“RC= rate of change.
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Fig. (15) : Soluble magnesium (me L"') in saturation paste extract of. soils
columns as affected with magnetization of irrigation water .
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type of the water used for leaching but also on the magnetization process
of the used waters where such a process could succeed in enormousing

effect of the used water for leaching soluble Mg** out of the studied
soils.

Intermittent leaching with Haris drain water (W,) caused
contradictory results on soluble Mg contents in the investigated soils.
Such water resulted in accumulation of soluble Mg®* in the clayey soil,
yet rate of increase in Mg®" in this soil was reduced upon magnetizing
the used water. Unlike what happened in the clayey soil, intermittent
leaching of both the sandy clay loam and sandy soil with Haris drain
water whether this water was magnetized or not could reduce their
contents of soluble Mg?*. The rate of reduction seemed higher in case of
using the magnetized water than in case of using the non-magnetized
one.

Depthwise distribution pattern of a Mg®* ion coincided with that
of Ca®* ones i.e. Mg®" concentration tended to decrease downwards.

C: Soluble sodium (Na"):

Data presented in Table (19) and Fig. (16) reveal that the original
soluble Na" content of all the investigated soils was reduced due to
intermittent leaching of these soils using El Bostan drain water (W)
whether in its non-magnetized form or the magnetized one. However,
values of reduction rate seemed to be higher upon usage of the
magnetized water. Also, rate of change seemed more obvious in the light
textured soils than the clayey one.

The intermittent leaching with Seedy Ghazy drain water (W,) was
of an effect on reduction of soluble Na* similar to that achieved due to
utilization of El Bostan drain water (W1). Such an effect was observed
on both the sandy loam and sandy soils whether the used water was
magnetized or not. On the other hand, usage of such a water (W3) in
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leaching the clayey soil resulted in an increase in its content of soluble
Na®. however, the accumulation percentage of soluble Na" was reduced
when the magnetized water was used in leaching instead of the non-

magnetized one.

Water of El Hedaya canal (W3) was of an effect on redistribution
of soluble Na' in all the investigated soils identical to that attained due
to Seedy Ghazy drain water. This finding was true whether upon
utilization of the non-magnetized water or the magnetized one.
However, magnitudes of change and rate of change in soluble Na’
content seemed dependent on type of soil and state of water from the
standpoint of magnetization.

Pattern of distribution of soluble Na* in the different investigated
soils due to their intermittent leaching using Haris drain water (Wa)
differed widely from those attained due to usage of the aforementioned
types of water (Wi, W, or W3). Soluble Na' tended to accumulate in the
clayey soil due to application of Haris drain water. Rate of increase in
soluble Na* seemed to be reduced when the applied water was in the
magnetized form. The magnetized water of Haris drain caused soluble
Na® content of the sandy clay loam and sandy soils to be reduced
although usage of this water before being magnetized was of an adverse
effect on these soils content of soluble Na'. The results obtained herein
assure the desired rate of magnetization of water in reducing soils
content of soluble Na'. Thus, the magnetization technique may be
suggested as an easy way for reducing soil sodicity and consequently the
improvement of its physical, chemical and nutritional status.

The depthwithe distribution pattern of Na' in all the investigated
soils revealed that Na* was accumulated in highest concentration in
the surface layer of all the investigated soils and tended to decrease with
depth. The upward movement of the saline solution in drying periods
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Table ( 19) : Soluble sodium (me L' ) in saturation paste extract of. soils
columns as affected with magnetization of irrigation water .

Soil Depth Irrigation water L.S.D
type (cm) Wil w T w, T w, at 0.05 level
Magnetized irrigation water
0-15 1266 17.37 2010 49.51 Treat. ; 1.58
15-30 | 9.68 1260 1491 3837 Depth : 1.93
3045 | 899 1266 13.96 33.48 Water : 2.49
Average| 1044 1421 1632 4045 Treat.*Depth : 273
A Na'| 102 181 339 21.49 |1reat *Water : 3.52
Q %RC™ | 11.50 2042 3833 242.82 | Depth*Water : 4.31
8 Nonmagnetized irrigation water Treat.*Depth*Water :  6.10

0-15 13.85 2381 2732 7758
15-30 | 7050 1723 1757 56.00
3045 | 10.07 1232 1437 43.04
Average| 71147 1779 19.75 58.87

A Na'.| 024 449 597 531
S%RC*™ | 277 5073 6740 398.93
Magnetized irrigation water

015 | 1365 1890 2961 6335 | Treas: 1.15
1530 | 1088 1282 2145 3540 |Deptn : 1.40
3045 | 11.84 1627 2297 3877 |water: 1.81
Average| 12.12 1600 24.68 45.84 | Treat.*Depth : 1.99
A Na'.| 2342 2160 -1752 758 Treat. *Water : 2.57
%RC™ | 8043 7418  60.17 _ 26.01 |Deptn*water : 3.74

Nonmagnetized irrigation water Treat.*Depth*Water :  4.44
0-15 30.86 3514 6489 11468
15-30 | 71334 1700 2754 66.57

3045 15.86 2082 3817 70.14
Avernge| 20.02 2432 4353 83.80

A Na'| -1971 1769 .66 10.26
%hRC* | 67.69 6075 2974 3525

Magnetized irrigation water

Sandy clay loam (calcareous)

015 | 719 920 1336 2697 | Trese - N.S
1530 | 562 708 850  17.00 |Depen: 0.54
3045 | 557 671 738 1344 |water- 0.69
Average| 613 766 975  19.14 |Trest*Depts : 0.76
A Na| 304 274 235 05 Treat.*Water : 0.98
%RC™ | 72.28 6533 5591 1343 |Depth*Water - 1.20

Nonmagnetized irrigation water Treat.*Depth*Water : 1,70
0-15 10.99 13.00 1582 3821
15-30 6.61 9.27 10.79 24.53
30-45 6.15 7.28 9.69 2074
Average| 7.92 9.85 12.10  27.83
A Na'.| 270 233 490 109
%RC** | 64.19 5544 4526  25.58

Sandy

*N.5.= not significant,
“RC= rate of change.
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Fig. (16) : Soluble sodium (me L -1 ) in saturation paste extract of soils
columns as affected with magnetization of irrigation water .
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among the successive applications of the leaching water might account
for such a phenomenon.

D: Soluble potassium (K'):

Data presented in Table (20) and Fig, (17) show redistribution of
soluble K" within the different depths of the investigated soils due to
their leaching intermittently using the different types of waters in their
magnetized form as well as their non-magnetized one.

All the used waters whether before magnetization or after being
magnetized caused the original content of soluble X* in both the clayey
and sandy soils to increase, yet rate of change in soil content was more
less when the magnetized waters were used.

Unlike the previously mentioned effect of the used waters on
increasing soluble K" content of the clayey and sandy soils, the usage of
such waters resulted in reduction in the original content soluble K* in the
sandy clay loam soil. The magnitudes of reduction and consequently rate
of change in this soil content of soluble K* varied depending on type of
the used water and whether it was magnetized or not.

Pattern of K™ distribution with depth seemed similar, to a great
extent, to that of Na" because they are of similar chemical properties.
Thus, K" tended to decrease depthwise in respect of type of the water
quality or the magnetization process.

4.2.3. Effect of intermittent leaching of the investigated soils on their
SAR and ESP values:

Data presented in Table (21) and Fig. (18) show values of the
SAR and ESP of the investigated soils that were attained due to
intermittent leaching of these soils using the different sources of water
under study.
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Table (20) : Soluble potassium (me L~ ! ) in saturation paste extract of soils
columns as affected with magnetization of irrigation water .

Soil Depth Irrigation water L.S.D
type (cm) w, | W, | W, | W, at 0.05 level
Magnetized irrigation water
0-15 0.39 0.43 0.46 0.71 | Treat. : 0.02
15-30 0.36 0.38 0.38 0.66 |Depth : 0.02
30-45 0.36 0.36 0.38 0.51 |Water: 0.02
Average | 0.37 0.39 0.41 0.63 |Treat.*Depth : *N.S
AKX 009 010 012 028 |Treat*Water: 0.03
E o4RC™ | 46.05 5395 60.53  147.37 |Depth*Water : 0.04
-s Nonmagnetized irrigation water Treat. *Depth*Water : ~ 0.06
0-15 0.48 0.44 0.63 0.85
15-30 0.38 0.41 0.51 0.79
30-45 0.38 0.41 0.48 0.69
Average | 0.47 0.42 0.54 0.78
AK | 012 013 022 039
oRC*™ | 6316 6579 113.16 206.58
Magnetized irrigation water
0-15 1.28 1.58 1.75 2.39 | Treat.: 0.09
> 15-30 1.22 1.27 1.66 2.14 |Depth : 0.11
3 3045 | 108 111 158  2.05 [Water: 0.14
:_:: Average | 1.79 1.32 1.66 2.19 |Treat.*Depth : 0.15
E AKX | 099 093 077 -0.52 |Treat*Water: 0.20
B uRC*™ | 6382 59.97 49.56  33.49 |Depth*Water : 0.24
3; Nonmagnetized irrigation water Treat. *Depth*Water :  0.34
= 045 | 1.57 231 256 378
..E\ 15-30 1.53 1.64 1.93 273
;é) 30-45 | 1.5¢ 180 233  3.00
Average 1.55 1.92 2.27 3.17
A K 082 -0.65 _-048 -0.06
°%RC* | 53.10 41.88 31.07 _3.88
Magnetized irrigation water
0-15 0.41 0.51 0.57 0.87 | Treat. : *N.S
15-30 0.33 0.42 0.42 0.53 |Depth: 0.02
30-45 0.32 0.39 0.37 0.50 |Water: 0.03
Average | 0.35 0.44 0.45 0.63 |Treat.*Depth : *N.S
AK | oo0 001 002 005 |Treat*Water: 0.04
wRC™ | 0.00 1943 2305 71.90 |Depth*Water: 0.05
%_ Nonmagnetized irrigation water Treat.*Depth*Water :  0.06
5 0-15 0.48 0.59 0.66 0.95
@ 15-30 0.36 0.45 0.46 0.65
30-45 0.35 0.42 0.42 0.60
Average | 0.40 0.49 0.51 0.73
AK 001 002 003 007
%Rre | 767 3210 39.33 99.05

* N.S.= not significant.
“*RC= rate of change.

103

Results and Discussions




Clay soil

Magnetized water Nonmagnetized water —’

4.00

3.50

3.004

2.50¢

2.00

K" (meL"")

1.50¢

1.00

0.50

015 1530 3045  0.15
Depth (em)

__Calcareous soil _

Magnetized water Nonmagnetized water

4.00¢

3.50¢

3.00f M

2.50¥

2.005

K* (meL"")

1.50

Y
T = ‘
RN EOEN RN LN FEEN
1

0.5 ; =

e e

o l_ifu‘. A

2.00 L

0-15 15-30 3045 0-15 15-30 30-45
Depth (cm)

Sandyv soijl

Magnetized water Nonmagnetized water

K* (meL"")

Depth (em)

o w1 owz ows 0 w4

Fig. (17) : Soluble potassium (me L") in saturation paste extract of soils
columns as affected with magnetization of irrigation water .
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It could be seen from data that usage of any type of the used
waters resulted in marked increase in SAR values and consequently the
ESP ones of the clayey soil. The increments in SAR or ESP seemed to
be reduced when the waters were used after being magnetized. It is
worthy to note that the hazardous effect of the used waters on increasing
sodicity of the clayey soil followed the descending order: W,> W3> W,
> W;.

The used waters were of different effects on both SAR and ESP
values of the sandy clay loam soil whether upon application of these
waters without magnetization or after being magnetized. El Bostan drain
water (W;) was of a reducing effect on values of SAR and ESP whether
this water was magnetized or not. Seedy Ghazy drain water (W;) as well
as El Hedaya canal water (W3) although resulted in pronounced
reduction in values of SAR, yet values of ESP either remained
unchanged or even increased. Haris drain water (W,), however, resulted
in increase in both values of SAR and ESP.

Magnetization of the used waters was of a marked effect on
reducing both SAR and ESP values of the sandy clay loam soils, yet the
reduction effect was more obvious in case of magnetizing El Bostan
drain water (W) and Seedy Ghazy drain water (W) than the other used
waters (W3 and Wy).

All the used waters, except for Haris drain water (W,), were of
reducing effect on values both SAR and ESP of the sandy soils. The
effect was more obvious upon magnetizing these waters. Magnetizing
Haris drain water (W,) although reduced both values of SAR and ESP as
compared with the effect of its non-magnetized form, yet these values
remained higher than the corresponding ones of the sandy soil before
leaching it using such water.
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Table (21) : ESP and SAR of soils columns as affected with magnetization of irrigation

waler .
Soil Depth Irrigation water
type (Cm) w| w! W3 W4

ESP | SAR | ESP | SAR | Esp | sar ESP | SsAR

Magnetized water

0-15 8.70 6.16 11.23 8.14 12.48 2.07 17.41 14.63

15-30 6.76 512 92.01 6.25 92.78 717 15.18 13.51
5 30-45 7.01 4.75 8.42 6.15 92.18 6.67 12.79 11.07
5» Average 7.49 5.35 9.55 6.85 10.48 7.63 15.13 13.07
Q Unmagnetized water

0-15 10.01 6.07 12.99 92.70 14.93 10.13 19.83 17.31

15-30 8.20 5.41 10.51 8.12 10.42 7.18 18.73 15.39

30-45 7.45 504 892 581 9.44 6.15 14.88 11.86

Average 8.55 5.51 10.81 7.88 11.60 7.82 17.81 14.85

Magnetized water
0-15 8.67 5.58 10.33 7.42 13.33 92.69 16.03 14.02
15-30 7.62 5.05 8.75 539 10.00 7.39 11.26 8.96
30-45 7.85 5.58 9217 6.83 10.88 8.06 11.49 92.88

Average 8.05 540 942 6.55 11.41 838 12.92 10.95
Unmagnetized water
0-15 13.27 10.01 12.74 92.18 17.82 14.67 20.90 18.79
15-30 9217 572 10.30 6.09 11.85 716 16.30 13.88
30-45 92.87 6.67 1331 8.09 14.39 10.31 17.55 1534
Average 10.77 747 12,12 779 14.69 10.72 18.25 16.00

Sandy clay loam (calcareous)

Magnetized water

0-15 5.97 4.09 6.72 4.87 7.33 5.84 12.05 10.72

15-30 559 3.69 6.65 4.38 6.66 4.99 11.11 9.07

_;\ 30-45 4.94 372 6.44 4.27 6.54 4.56 11.91 7.39

] Average | 559 3.83 6.60 4.51 6.84 513 11.69 9.06
& Unmagnetized water

0-15 2.14 5.10 10.80 542 8.28 6.07 15.66 13.17

15-30 716 375 9.31 4.95 9.40 5.62 12.62 10.75

30-45 7.25 332 7.55 3.89 7.85 4.85 12.39 8.95

A"ﬂﬁ 7.85 4.06 9.22 4.75 8.51 5.51 13.56 10.96
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Fig. (18) : ESP and SAR of soils columns as affected with magnetization of irrigation water.
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4.3. Effect of magnetization of different water qualities on
germination | percentage and rate of wheat seeds:

Data presented in Table (22) reveal the number of germinated
seeds after 4,56 and 7 days of sowing in either the aforementioned
water qualities ie. Wy, W;, W,, W;or W, before magnetization and
after being magnetized. Values of germination percentage (G%) as well
as those of the germination rate (GR) were calculated and presented also
in Table (22).

It is obvious from data that the count recorded for the germinated
seeds after any period of the investigated ones was generally lower in
case of usage of the non-magnetized waters than that recorded upon
utilization of the magnetized one. This finding was true for all the tested
water qualities. Accordingly value of germination percentage as well as
these of germination rate seemed to be higher upon utilization of the
magnetized waters than the corresponding ones achieved upon
utilization of the non-magnetized waters. This finding stands in well
agreement with that of Hilal and Hilal (2000). Magnetization of the
irrigation might activate seed germination. Tkatchenko (1997) pointed
that seeds carry various loads of energy depend upon proton pump
situated  at the level of cell membrane which when expanded
quantitatively relieves the seeds from the state of repose and activate
auxin, cytocynin and phusicocin, This accelerates breathing, enhances
germination and enlarges the cell volume dye to the influx of energy
from the membrane. The skin and upper coating of all relaxing seeds of
cereals retard O, diffusion and black water absorption. At the same time,
inhibitors prevent seeds from sprouting. Magnetic field activates energy
influx and stimulation of enzymes. It also decreases the effect of
germination inhibitors due to increase in pH of the cell juice.
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studied soils and irrigated with the investigated water qualities before or
after being magnetized are presented in Table (24). It is obvious from
these tables that NV and K uptake values of the plants grown on the
clayey soil were generally higher than the corresponding ones of the
plants grown on the calcareous soil whereas the corresponding values of
the plants grown on the sandy soil were the least. The uptake values of
both NV and K reflect the natural fertility status of the investigated soils
according to which these soils are descendingly as follows: the clayey
soil > the sandy clay loam (calcareous) > the sandy soil. Unlike N and
K, values of P uptake were in the sandy clay loam soil lower than the
sandy one. The calcareous nature of the sandy clay loam accounts for
such a finding because phosphate may be absorbed on surface of CaCo;
particles present in this soil besides soluble phosphate undergoes
precipitation reactions with the soluble Ca’* of soil solution and hence is
converted to forms unavailable for plant uptake. Such findings could be
observed when the plants were irrigated with the used water qualities
whether before being magnetized or after magnetization.

Values of N, P and K uptake recorded due to usage of the
different water qualities were in the descending order: W; > W,> W; >
W, regardless of magnetization process of these waters. However, it is of
importance to indicate that the values attained due to irrigation with
quality of water after being magnetized were generally higher the
corresponding ones achieved due to irrigation with the same water
before being non-magnetized.

4.4.2.Effect on N, P and K concentration:

Values of N, P and K percentage varied from a soil to another and
also due to quality of the used irrigation water whether it was
magnetized or not Table (25).
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Table ( 24 ):- Effect of magnetized irrigation water on N, P and K uptake

(mg pot” ")b y wheat plants grown on the studied soils.

Soil ! = P Irrigation water
ements | Contro
type W, W, W; W,
Magnetized water
N 38.20 | 33.02 28.73 25.97 16.70
P 7.34 6.72 6.14 5.79 3.06
K 58.19 | 49.63 39.34 35.12 24.37
Q Nonmagnetized water
I
9 N 34.38 | 25.49 25.67 21.67 14.89
P 6.66 5.10 5.28 4.05 2.53
K 5241 | 34.53 30.39 26.94 19.61
Magnetized water
N 25.14 | 2215 19.62 16.88 11.63
P 5.27 4.73 4.13 3.36 2.14
“ K 4247 | 36.34 30.33 25.02 15.15
3
g Nonmagnetized water
N
S
{g N 23.00 19.92 18.00 15.39 10.35
P 4.97 4.38 3.95 3.28 1.88
K 39.94 | 30.70 25.20 20.80 12.94
Magnetized water
N 20.95| 20.53 18.96 16.48 12.21
P 5.07 4.88 4.77 4.22 2.56
) K 32.76 | 31.07 26.66 21.60 14.98
c
% Nonmagnetized water
N 19.09 18.67 16.98 13.20 6.88
P 4.71 4.48 3.95 3.36 1.41
K 30.67 | 26.58 21.12 16.84 8.33
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able (25 ):- Effect of magnetized irrigation water on N, P and K

percent in wheat plants grown on the studied soils.

Soil

Elements

Control

Irrigation water

type W, W, W; W,
Magnetized water
N 0.92 0.90 0.96 0.93 0.78
P 0.17 0.18 0.21 0.21 0.14
K 1.40 1.35 1.40 1.25 1.16
§: Nonmagnetized water
o
—
b N | 088 | 097 105 098 o080
P 0.17 0.19 0.22 0.18 0.14
K 1.35 1.30 1.24 1.22 1.06
Magnetized water
N 0.87 0.98 0.88 0.87 0.80
P 0.18 0.18 0.19 0.17 0.15
“ K 1.48 1.41 1.37 1.29 1.04
3
g Nonmagnetized water
T
Q
8 N 0.80 | 0.68 0.93 0.90 0.82
P 0.18 0.20 0.20 0.19 0.15
K 1.40 1.38 1.30 1.22 1.04
Magnetized water
N 0.81 0.84 0.86 0.80 0.76
P 0.20 0.20 0.22 0.21 0.16
S K 1.27 .27 1.21 1.06 0.94
o
% Nonmagnetized water
N 0.81 0.86 0.90 0.82 0.78
P 0.20 0.21 0.21 0.21 0.16
K 1.27 1.21 1.12 1.05 0.94
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Regarding concentration of NV in the wheat plants that were
irrigated with either of the investigated waters, it could be noticed that it
was generally lower when the used water was magnetized. The
superiority of N concentration with the non-magnetized water over the
magnetized ones could be attributed to the dilution effect since values of
N uptake were, as mentioned before, higher with the magnetized waters
than the non-magnetized ones.

Note worthy to indicate that value of N concentrations in the
plants grown on the clayey soil seemed to be highest, whereas those of
the sandy soil were lowest while those of the plants grown on the
calcareous on came inbetween. Such a finding is probably attributed to
the original content of N in the investigated soils which is in the
descending order: the clayey soil > the calcareous soil > the sandy soil.

Values of P concentration seemed lowest in the plants grown on
the sandy clay loam (calcareous) soil whereas those of the plants grown
on the sandy one seemed higher while those of the plants grown on the
clayey soil were inbetween. This occurred whether the used waters were
magnetized or not.

The low values of P concentration in the plants grown on the
sandy clay loam soil is attributed mainly to the low uptake values of P in
this soil due to its calcareous nature as mentioned before. On the other
hand, the relatively low values of P concentration in the plants grown on
the clayey soil can be attributed to the dilution effect. The higher value
of P concentration in the plants grown on the sandy soil is a final
product of its relatively high uptake of P values as well as the relatively
low dry matter yield of piants grown thereon.

K concentration values in wheat plants grown on the studied soils
seemed higher when these plants were irrigated with the magnetized
waters than the corresponding K concentration values attained when the
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plants were grown with the non-magnetized waters, such a finding is due

to the higher uptake values of K by the plants irrigated with the
magnetized water.

It is of importance to indicate that K concentration was also
dependent on type of the water used for irrigation, therefore it was in the
order: Wy > W;>W,>W;> W,

Such a finding could be attributed to many factors, the most
important one among them is the salinity of the used water which affect
adversely the uptake of water, due to the high osmotic pressure of the
soil solution, and consequently uptake of K.

It could be concluded from the aforementioned discussion that
magnetic the water used for leaching soil or irrigating the different
plants can provide better soil-water—plant relationships and is thus worth
further consideration.

4.5. Chemical analysis of the studied soils after removal of

wheat plants:

Data presented in Table (26) reveal the changes that might take
place in some chemical properties of the investigated soils due to
cultivation of these soils and irrigating then with the studied water
qualities.
4.5.1.The pH value:

pH  values of the clayey soil tended to decrease slightly

compared with the original one recorded before cultivation. This was
true upon usage of all water qualities except for the tap water (W)
where the value of soil pH exceeded very slightly the original one.
These results agree with those of Dubey (1997) who reported that saline
application reduced soil pH than saline water.
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pH values of the other soils showed very slight but not stable
change due to cultivation. No obvious effect could be noticed on soil pH
due to magnetization of the different irrigation qualities. The slight pH
decrease in the clayey soil is probably due to root exudates besides of
some microbial activity, which result in CO,dissolves in water solution
forming carbonic acid.

4.5.2.The EC value:

Expect for the tap water, irrigation with all the water qualities
caused EC value of both the clayey and sandy soils to increase. Such an
increase is expected due to the high content of the used waters of soluble
salts. The increase in soil salinity seemed, therefore, to be parallel to the
salinity of the irrigation water itself thus it was in the order: W; > W, >
Ws> W,

Cultivation of the sandy clay loam calcareous soil using the
different water qualities for irrigation resulted in marked decreases in the
original EC value of this soil which was already high (11dSm™). This
finding means that the used waters were able to leach a part of the
soluble salts out of the sandy loam soil i.e. the salt balance was towards
removal of salts out of the soil.

Regarding effect of the magnetized water as compared with that
of the non-magnetized ones, on EC values of the investigated soils, data
showed relatively lower values of EC upon irrigation with the former
than upon usage of the later especially when the soluble salt content of
water was highest (W,).

4.5.3. lonic composition:

4.5.3.1. Soluble anions:

o Soluble bicarbonate (HCOj5):
Values of soluble HCOj5' of the cultivated soils, which were irrigated
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with the different water qualities, tended to be almost around their
original contents in the studied soils. However, the magnetized waters
seemed to cause relatively lower HCO; values as compared with the
non-magnetized ones.

e Soluble chaloride (CT):
Soluble CI contents of both the clayey and sandy soils tended

generally exceed their original contents when these soils were cultivated
and 1irrigated with the "poor water qualities. The magnetized waters
seemed to be ofless effect on accumulation of soluble chloride in both
the clayey and sandy soils than the non-magnetized ones.

Unlike what occurred in both the clayey and sandy soils,
cultivation and irrigation of the sandy clay loam soil resulted in decrease
in its content of soluble CI'. The decrease was more pronounced upon
irrigation with the magnetized waters than the non-magnetized ones.
This was true upon irrigation with all the water qualities except for that
of Haris drain water (W) that caused soluble Cl- in this soil to exceeds
its original content.

» Soluble sulphate content (S0,”):

The soluble sulphate content of both the clayey and sandy
increased generally due to cultivation of these soils and irrigating them
with all the investigated water qualities except for the control one i.e.
Tap water (Wp). In the cultivated sandy clay loam soil, cultivation
resulted in contradictory effects on soluble SO, content dependent on
the used water content of soluble $O,*. Thus soluble S0,? was reduced
upon irrigation with either W,, W; or W, water. On the other hand,
usage of W3 or W, water was of an accumulative effect on the sandy
clay loam soil content of soluble $O,”. In all cases of the used waters,
magnetization of these waters seemed to be of a reducing effect on soil
content of soluble SO,,Z " as compared with the non-magnetized waters.
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Table (26 ) :- Analysis of saturation paste extract in soils irrigated with magnetized water or
non magnetized water after wheat removals .

Soil \|irrigation | SP | pH EC Soluble ions in saturation paste extract
sample| water in soil| dSm™’ Anions me L’ Cations me L’
paste co,”|Heco,| cr |so,| ca® | mg®*| Na® | K*
Non magnetized water
Wy 80 7.90 2.50 n.d. 3.12 9.50 13.25 9.72 3.76 1212 0.27
wy 80 71.75 4.75 n.d. 3.12 19.00 26.46 1512 8.28 2472 0.46

w, 80 7.70 5.50 n.d. 312 3420 30.38 2052 10.78 35.75 0.65
W 80 765 6.40 n.d. 364 4180 3885 27.00 1460 4225 0.44
Wy 80 755 870 n.d. 3.88 87.40 4200 3240 2576 7434 0.78

Magnetized water

Clayly

W, 80 790 175 n.d. 208 588 965 561 267 918 0.20
Wy 80 7.80  3.50 n.d. 260 1330 2081 1296 368 1974 0.30
W 80 775 530 nd. 364 2660 2281 1620 7.72 2853 0.60
W3 80 765 650 nd. 312 3420 3548 2160 1168 3916 0.36
Wy 80 760 870 nd. 312 7040 3208 28.08 17.16 59.72 0.54

Non magnetized water
Wo 43 7.60 2.60 n.d. 4.44 588 17.04 7.73 428 14.25 1.13
w4 45 7.65 7.60 n.d. 3.64 3990 4060 2430 1238 4525 2.21
w2 42 7.60 8.00 n.d. 416 41.80 4389 2484 1364 4914 223

W3 43 7.65 9.00 nd. 416 4940 5099 2592 15.80 60.48 235

Wy 43 7.55 17.00 n.d. 416 12410 7011 3564 28.73 129.73 4.27
Magnetized water
Wy 43 760 19 nd. 364 392 1241 515 3.37 1041 1.04

Wy 45 755 670 nd. 312 3565 35.28 2052 11.56 39.89 2.08
W 43 765 710 nd. 312 38.00 4012 2160 1210 4543 2.1
W3 43 7.65 T7.90 n.d. 3.64 4370 4297 20.52 1392 5369 218
wy 43 7.55 1340 nd 364 10260 5096 30.60 23.13 100.06 3.41

Sandy clay loam (calcareous)

Non magnetized water

Wy 20 7.70 1.40 n.d. 268 294 9.24 3.06 237 910 033
Wy 21 7.65 5.65 n.d. 312 26,60 33.88 2268 8.56 3123 1.13
wy 20 760 6.60 n.d. 3.12 30.40 4036 2484 10.64 3717 1.30
w3 20 785 7.80 n.d. 3.64 4373 4428 27.00 11.04 5225 1.36
Wy 21 7.60 1200 n.d. 260 8550 5557 3240 21.68 87.99 1.60

Magnetized water

Sandy

Wy 20 7.70 1.00 n.d. 208 188 664 255 14 643 0.1
Wy 20 7.70 480 nd. 208 1995 3095 18.36 7.64 2600 0.98
W 20 7.75 5.70 n.d. 364 2470 3505 2160 856 32.00 1.23
W3 20 765 6.30 nd. 364 3230 3593 2160 960 3942 125
Wy 20 7.60 1045 nd. 260 7030 4117 2592 1672 70.08 135

n.d. = not detected
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4.5.3.2.50luble cations:

v Soluble calcium (Ca™):

Cultivation as well as irrigation with all water qualities except for
the control water W, resulted in accumulation of soluble Ca®* in both
the clayey and sandy soils. The increases in soluble Ca** content seemed
corresponding to the used water contents of soluble Ca®*. Cultivation of
the sandy clay loam soil, however, caused soluble Ca’" content of this
soil to decrease generally. Such a finding might be due to precipitation
of Ca’" in the form of CaCQOs, or even Caz (PO,), due to the calcareous
nature of such a soil. In all cases magnetization of the used waters
caused soluble Ca’* content of the investigated soils to be lower as
compared with the corresponding ones achieved due to usage of the non-
magnetized waters.

. Soluble magnesium (Mg**):

Soils contents of soluble Mg”" as influenced by irrigation with
cultivation and irrigation with the studied water qualities whether as they
are or after being magnetized as shown in Table (26). It is obvious that
the soluble Mg”* contents of both the clayey and sandy clay loam soils
increased regardless of the magnetization process which caused effect of
the used waters an accumulation soluble Mg®* obviously lower than that
the non-magnetized waters.

Soluble Mg”* content of the sandy clay loam tended to decrease
as compared with the original Mg®* content of this soil. The increase
was corresponding to the investigated waters content of soluble Mg* ie.
it was highest upon utilization of Haris drain water (W), lowest upon
irrigation with El-Bostan drain water and came in between when the
irrigation was conducted using W, or W;. Once again the magnitudes of
increase in values of soluble Mg”* were reduced when the magnetized
waters substituted the non-magnetized one for irrigation.
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o Soluble sodium (Na'):

Values of soluble Na" tended to increase obviously in both the
clayey and sandy soils due to cultivating them with the wheat plants and
irrigation with all the used water qualities except for the tap water where
soluble Na" tended to decrease when it was used for irrigation. Yet the
magnitude of decrease was marked when this water was magnetized.

In case of the sandy clay loam soil, soluble Na" content increased
to values higher than its original one. The increase coincided with the
Na" content of the Na" i.e. it followed the order: W, > W; > W, > W,

o Soluble potassium (K"):

Soluble K™ content, as it was expected, increased in both the
clayey and sandy soils due to their cultivation and irrigation with all
qualities of the irrigation water except for the control or the tap water
(Ws). However, cultivation of the sandy clay loam soils resulted in
decrease in its soluble K" content. The increments of soluble K* in both
the clayey and sandy soils seemed to be parallel to the corresponding K*
content of the used waters. Magnetization of water, however, was of a
slight effect on reducing accumulation of soluble K" due to irrigation
with most of the used waters.
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