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Abstract

Studying the effect of adding magnesium in the dispersion of clay and its effect in the
chemical equilibrium forms of potassium. A laboratory experiment was carried out on two
types of soils, the first is clay S1 and the second silt clay S>. The soil was incubated with
magnesium at two concentrations: 25 and 100 mmol Mg?*.L. The results of the X-ray
diffraction analysis showed that there was a change In the diffraction intensity of clay
minerals and to the two concentrations, The X-ray diffraction analysis results also showed
that the predominance of minerals in the two soils was Smectite > Kao. = Mica > Chl. In the
first, the second was Smectite > Mica > Kao. > Chl. the results also showed that adding
magnesium to the soil contributed to an increase in soluble and exchangeable potassium by
5517, 28.276, 12.215, and 48.188% and a decrease in non-exchangeable potassium by
11.421 and 28.274% compared to the comparison treatment Mgo and for the two
concentrations of 25 and 100 mmol Mg?*. L, respectively, for clay soil, while in silt clay
soil, the values of soluble and exchangeable increased by 15.789, 55.263, 20.800, and
37.200%, and non-exchangeable potassium decreased by 12.466 and 20.000% for the two
concentrations of 25 and 100 mmol Mg?".L?, respectively, compared to the comparison
treatment Mgo.
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Introduction

Potassium is one of the basic elements in
soil The percentage of potassium in soil is
estimated at about 0.4 - 3.0 % of the
general total of the elements, depending on
the type of potassium-bearing minerals the
intensity of soil formation processes and
the degree weathering. The potassium
content of the earth’s crust is estimated at
about 23 gm K*. kg* soil(12 ). It is one of
the eight most common elements in the
earth's crust. It is considered one of the
components of rocks and minerals and is
widely distributed in the components of
soil. However, it is not found in the form
of the potassium ion K* in the components
of the earth's crust. Rather, it is found
combined with other ions and other
mineral forms. The most important
minerals that carry this element are
potassium feldspar and mica, as they the
soil of dry regions has a high content of
these minerals compared to other regions,
which is attributed to the difference in
mineral composition in those regions,
which originate from sedimentary (2 and
3). Potassium is also one of the necessary
nutrients in plants and has received the
attention of many researchers and those
interested in soil chemistry, fertility,
nutrition, physiology, and plant
biochemistry. The prevailing belief in Iraq
was that Iraqgi soils contain a high reserve
of it, so it was neglected to include
potassium in the fertilizer
recommendation. As a result of intensive
agriculture, the increasing diversity of
agricultural crops in the country, and the
lack of fertilization with potassium, the
need to add it arose ( 10 and 23) As a
result, potassium fertilizers were used in
relatively high quantities and on a large

scale, and it became necessary to know the
status and fate of the potassium added to
the soil and the extent of the crops’
response to it. Is it possible for the added
potassium, which may be subject to
fixation in the soil, to be released again,
how quickly is it released and what are the
influencing factors In the speed of its
release, one of the most important factors
affecting the readiness of potassium is the
quantity and quality of the clay mineral
(11 and 6). Many studies were conducted
in Iraq to verify the effect of this on the
fixing process, and the results showed that
28-76% of the added potassium is subject
to fixing. Many attempts have been made
to reduce this process by adding organic
matter or following other methods in the
process of adding this element, such as
spraying on the leaves (14 and 9). The
chemical behavior of any element affects
the effectiveness and behavior of some
other elements, either directly through the
process of competition for the surface of
the complex exchange and displacement,
or indirectly through influencing other soil
properties (1). A difference may occur in
the nature of the mineral composition in
the soil as a result of the influence of the
behavior of some elements in it. For
example, increasing the concentration of
magnesium may lead to the formation of
what is known as the phenomenon of
chlorination( 27 ). Most studies conducted
by a number of researchers indicate that
magnesium is one of the elements that has
the ability to disperse soil particles, and
that the main reason for this specific effect
is due to the large size of its hydrosphere
compared to calcium and the small size of
the real ion, reaching (0.078 nm), while
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Calcium (nm 0.106), in addition to its role
in influencing the ion exchange process, as
it carries a dual charge (24 and 19). Also,
the possibility of fixing it in the soil is very
small due to the high temperature of its
circulation and the large aqueous layer
with high affinity for the ion. A wide space
is occupied between the layers of silica

Materials and Methods

A laboratory experiment was carried out
on two soils of different textures (clay
from Diyala Governorate and silt clay
from Najaf Governorate ).After the soil
was brought from the field, it was dried
and ground with a sieve with holes
diameter of 2 mm. Chemical and physical
analyzes of the soil were also carried out
according to what was stated in (15, 25,
and 22). Clay minerals were also
diagnosed using X-ray diffraction, and
samples were examined according to what
was stated in Jackson (21) by X-ray
diffraction. ray diffraction using a Philips ,
Its characteristics are shown in Table 1.
The soil was incubated in small plastic

minerals, which makes them exchange
easily, and this is due to the large water
layer of the ion, which causes swelling of
the clay minerals . To understand the
chemical behavior of magnesium and its
role in soil dispersion and its reflection on
the equilibrium forms of potassium in the
soil.

containers weighing 1 kg of soil per
container, and in three replicates,
magnesium  was added at three
concentrations (100, 25, 0) mmol Mg?*.L!
for it in the formula of MgSO4 and with
three replicates, so that the total of the
units became 18 to calculate the amount of
potassium that can be released in its
various forms (soluble, exchangeable, and
non-exchangeable) after 120 days of
treating it with magnesium. A mineral
examination was also conducted for it
before and after treatment with magnesium
at the end of the incubation period of 120
days.

Table 1. Some chemical and physical properties of soil

Traits Measurement value (S1) value (S2)
value

ECe ds.m? 3.54 3.80
pH 8.19 7.82
ca®* 10.90 9.88
Mg?t 4,75 6.65
Na* 1.50 4.60
K* 2.60 0.34
cl- mmol.L™* 8.08 7.30
HCOs 4.10 5.00
SO4* 11.61 12.85
COs* NiL NiL
CEC Cmol.Kg*! 39.00 35.00
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Organic matter
Total Carbonate
Active Carbonate

Clay
Silt
Sand
Texture
Solube K*
Exchangeable K*
Unexchangeable K*
Mineral K*
Total K*

gm.Kg* Soil

Cmol.Kg* Soil

7.35 7.12
352.5 265.8
200 175
558.10 423.00
245.40 462.00
196.50 115.00
Clay Silt Clay

0.260 0.032
0.76 0.27
1.97 1.46
42.24 30.98
45.23 32.75

Results and Discussion

The X-ray diffraction analysis of soil S1 before and after saturation with

magnesium at concentration

The examination results in Figure (1) for
the Diyala/Mugdadiya soil clay textured
model before saturating the soil with
magnesium ions showed the presence of
diffraction of 14.40 A’ within the air-dry
magnesium saturation treatment which The
saturation treatment with ethylene glycol
led to an expansion of the basal distance of
the mentioned diffraction to reach 16.99
A’, and then this distance decreases again,
reaching 10.05 A’ within the two
treatments saturated with potassium and
heated to two temperatures of 350 C° and
550 C°, thus confirming the presence of
smectite minerals in the sample examined
and as the results of Figure (1) showed, the
increase in diffraction intensity is 10.05 A’
at the expense of the diffraction intensity
of 14.40 A" Within the treatment of
saturation with potassium and heated to
temperature 350 C° it is confirmed that the
smectite minerals in the examined sample
are inherited from the mica minerals. As
the results showed, the continued presence

of

25 and 100 mmol Mg?.L1
of diffraction 14.40 A’ in all treatments
confirms the presence of the mineral
chlorite in the examined sample. As for the
mica minerals, they were diagnosed by the
presence of diffraction 10.05 A’ in all
treatments, while the kaolinite mineral was
diagnosed by the presence of diffraction
7.20 A’ in the treatments saturated with
magnesium and air-dried, saturated with
ethylene glycol, and saturated with
potassium and heated to a temperature of
350 C°, then The aforementioned
diffraction disappears during the treatment
of saturation with potassium and heated to
a temperature of 550 C°,this is consistent
with what he found (4 and 13).The test
results are shown in Figure (2) of the
Diyala / Mugdadiya soil clay model after
saturating the soil with magnesium ion at a
concentration of 25 mmol Mg?".L. The
saturation treatment had a limited effect on
the d-spacing basicity of both the mica and
smectite minerals in the model at
Comparing it to the basal distance
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recorded for those minerals the soil clays
before the by magnesium ion saturation
process and recording a basal distance of
10.16 and 14.49 A’, respectively. The
saturation treatment also led to an
expansion of the diffraction sizes of these
minerals, especially within the two air-dry
magnesium saturation treatments and the
ethylene glycol saturation treatment.
Likewise, the results showed that the
chlorite mineral was not affected by the
saturation process with magnesium ion (25
mmol Mg?*.LY). The reason is that the
chlorite mineral It is a 2:1:1 clay mineral,
and as a result of it containing an internal
hydroxide layer within the crystalline
structure, the mineral will not respond to
the saturation treatment and remains
maintaining its basic distance of 14.49 A’
in all treatments. While the results are it
appears in Figure (3) that both the mica
and smectite minerals responded to the
saturation process with magnesium ion
(100 mmol Mg?*L"1) through the widening
of their diffraction area . As The response
of mica minerals to the saturation process
higher compared to smectite minerals in
the model these results were consistent
with what was obtained by (26). The study
(7) also showed that the lack of a
significant response of smectite minerals
to the process of saturation with
magnesium ions and thus the swelling of

their inner layers is mainly due to the
conditions surrounding those minerals.
They showed that the  mineral
montmorillonite in calcic soils, which is
called Ca-Mantmorillonite, Therefore the
exchange of magnesium on the metal
surface does not directly affect the process
of dispersal of metal particles and swelling
but rather works to contribute to dissolving
the calcium carbonate and then increasing
the electrolyte concentration of the soil
solution which is sufficient to prevent the
dispersion and swelling of the separated
clay particles. In another study by the same
researchers (8), they showed that the lack
of a significant response of smectite
minerals to the by magnesium saturation
process compared to mica minerals is due
mainly to the charge density of Smectite,
they showed that smectite minerals possess
a high external charge density Their
response to by magnesium saturation is
less than those metals that have low charge
densities. In the current study the smectite
minerals, as is the case in all Iragi soils,
are inherited from the mica minerals and
are characterized by a high external charge
density, which we mentioned in the
mineral description within the paragraph
(Mineral Description), so the response of
these minerals in the examined model was
lower compared to the response of the
mica minerals.
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Figure 1. X-ray diffraction analysis of clay particles in study soil S; before
saturation with magnesium
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Figure 2. X-ray diffraction analysis of clay particles in study soil S; after
saturation with magnesium at a concentration of 25 mmol Mg?*.L*!
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Figure 3. X-ray diffraction analysis of clay particles in study soil S; after
saturation with magnesium at a concentration of 100 mmol Mg?*.L*!

The X-ray diffraction analysis of soil S> before and after saturation with

magnesium at concentration

The results in Figure (4) of the X-Ray
examination showed the presence of
diffraction  14.40 A’  within the
magnesium-saturated and air-dried
treatment and the continued presence of
the mentioned diffraction by the same
basal distance within all treatments,
confirms the presence of the true heat-
resistant chlorite mineral in the examined
sample. The results also showed the
appearance of diffraction was 14.40 A’
within the and air-dried magnesium
saturation  treatment the  saturation
treatment with ethylene glycol led to an
expansion of its basal distance to reach
16.06 A’ and then that basal distance
decreased again to 10.05 A’ within the
two potassium saturation treatments and
heated to temperatures of 350 and 550 C°
It confirms the presence of smectite
minerals in the examined sample. Just as
the results showed the appearance of a
diffraction of 10.05 A’ in all treatments,
which shows the presence of mica
minerals in the model, it was also possible
to diagnose the mineral kaolinite through
the appearance of a diffraction of 7.0 A" in
the treatments saturated by magnesium ,
dried in the air, saturated with ethylene
glycol, and saturated with potassium and
heated to a temperature of 350 C°, and the
disappearance of the mentioned diffraction
under the treatment of saturation with
potassium and heated to a temperature of
550 C°, this is consistent with what he
found (12 and 5).The results shown in
Figure (5) examine the model after

25 and 100 mmol Mg#.L1
saturation ~ with  magnesium at a
concentration of 25 mmol Mg?. L*
indicates that the basal distance d-spacing
for the diffraction of the smectite, mica,
and kaolinite minerals will not be greatly
affected, As if its breadth is limited,
recording a basal distance of 14.49, 10.16,
and 7.08 A’. for each of the smectite, mica,
and kaolinite  minerals, respectively
(Figure 5), which reflects The effect of
these minerals with the saturation
treatment was limited. The results of
Figure (6) Concerning For the the Kufa
soil clay model /Qazwinia after saturating
the model with magnesium ion at a
concentration of 100 mmol Mg?*.L! It led
to a change in both the basal distance and
the diffraction size for both smectite and
mica minerals in the examined model,
recording a basal distance It was estimated
at 14.93 and 10.16 A’ for each of the
smectite and mica minerals, respectively,
as the diffraction sizes of these minerals
appeared wider compared to the treatments
before saturation or saturation at a
concentration of 25 mmol Mg .L?!
magnesium, which reflects the increased
penetration of the magnesium ion into the
inner layers of those metals and thus an
increase in the openness of those layers
which in turn affected the expansion of the
diffraction area of those metals these
results were consistent with what was
found by (16) when they showed that the
diffraction of metals Smectite and mica
expand and become shorter due to the
saturation of their inner layers with
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magnesium ions, and shared this opinion
(20) when studying some Iraqgi soils in the
Kurdistan region. According to our belief,
increasing  the  concentrations  of
magnesium ions within the soil solution
will work to penetrate the inner layers of
those minerals, which leads to the
expansion of those layers and thus works
to open them as a result of the properties
that the magnesium ion has that qualify it
to do so, which was mentioned by (28) as
they showed that the effect of magnesium
ion in the process of dispersing clay
minerals does not depend only on the type
of clay mineral, but also depends on the
high concentrations of magnesium ion in
the soil solution as the magnesium ion is

Irel
1000

characterized by its small ionic diameter
compared to the diameter of the calcium
ion which works to increase the hydration
shell of the magnesium, which leads to an
increase in the negativity of the hydration
enthalpy of the magnesium, which works
to increase the binding strength between
the magnesium ion with the water
molecules surrounding it, which works to
increase the ability of the magnesium ions
to penetrate the inner layers of clay
minerals and increase their swelling and
this effect was more evident In mica
minerals and smectite minerals, which
were originally inherited from mica
minerals (18) and (26).
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Figure 4. X-ray diffraction analysis of clay particles in study soil Sz before
saturation with magnesium
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Figure 5. X-ray diffraction analysis of clay particles in study soil S, after
saturation with magnesium at a concentration of 25 mmol Mg?*.L*
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Figure 6. X-ray diffraction analysis of clay particles in study soil S, after
saturation with magnesium at a concentration of 100 mmol Mg?*.L!

The effect of added magnesium levels and incubation period in the Soluble

potassium concentration values

The results shown in Figure (7) showed
the effect of increasing the concentrations
of added magnesium and the incubation
period to the soil in increasing the values
of the Soluble potassium concentration
liberated from the soil. It is clear from the
results that the Soluble potassium
concentration values for soil (S1) reached

(0.29, 0.306, and 0.372) Centimole K* Kg.”
1 Soil at concentrations of 0, 25, and 100
mmol Mg?*. L, respectively. The results
also showed an increase in the
concentration of potassium at
concentrations of 25 and 100 mmol Mg?*.
Lt by 5517 and 28.276%, respectively,
compared to the concentration of 0 mmol
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Mg?*. L during the incubation period of
120 days in a row. The highest value in the
percentage of potassium release was at the
period of 120 days compared to the time of
0 days of incubation, The results shown in
Figure (7) also showed that the Soluble
potassium concentration values for soil S»
reached (0.038, 0.044, and 0.059)
Centimole K* .Kg.™! Soil at concentrations
of 0, 25, and 100 mmol Mg?*. L7,
respectively. The results also showed an
increase in the concentration of Soluble
potassium at concentration 25 and 100
mmol Mg?*. L by 15.789 and 55.263%,
respectively, compared to the
concentration of 0 mmol Mg?*. L during
the incubation period of 120 days in a row,
was The highest value in the potassium
release rate at the period of 120 days

compared to the period of 0 days of
incubation. It is noted from the results that
the concentration values of Soluble
potassium  increase  with  increasing
concentrations of added magnesium and
the incubation period, This is due to the
role of magnesium and its binary valence
in the displacement of monovalent
potassium from the surface of soil particles
and reducing its fixation in the soil by
affecting the layers of minerals, and this is
confirmed by the results of mineral
analysis for the two soils (S1 and S») it was
observed that there was a change in the
nature of the clay minerals with the
addition of magnesium at concentration of
25 and 100 mmol Mg?. L?, this is
consistent with what he found (17).
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Figure 7. shows the effect of magnesium concentration and incubation
period in Soluble potassium values for soil (S1 and S;) Centimol K*.Kg*

The effect of added magnesium levels and incubation period in the
exchangeable potassium concentration values

The results shown in Figure (8) showed
the effect of increasing the added
magnesium concentrations and the soil
incubation period in increasing the
potassium concentration values released
from the soil. It is evident from the results
that the exchangeable  potassium

concentration values for Si soil reached
(0.755, 0.836, and 1.104) Centimole K*
.Kg. Soil at concentrations of 0, 25, and
100 mmol Mg?". L%, respectively. The
results also show an increase in the
exchangeable potassium concentration at
concentrations of 25 and 100 mmol Mg?*.
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L1, by 12.215 and 48.188%, respectively,
compared to the concentration of 0 mmol
Mg?*. L during the incubation period of
120 days in a row. was The highest value
in the potassium release rate at the period
of 120 days compared to the period of O
days of incubation, The results shown in
Figure (8) also showed that the
exchangeable potassium  concentration
values for S soil reached (0.268, 0.302,
and 0.343) Centimole K* .Kg.? Soil at
concentrations of 0, 25, and 100 mmol
Mg?*. L, respectively. The results also
show an increase in the exchangeable
potassium concentration at concentration
of 25 and 100 mmol Mg?*. L', by 20.800
and 37.200%, respectively, compared to
the concentration of 0 mmol Mg?". L*
during the incubation period of 120 days in

a row. was The highest value in the
potassium release rate at the period of 120
days compared to the period of 0 days of
incubation. It is noted from the results that
the values of the exchangeable potassium
concentration increase with increasing
concentrations of added magnesium and
the incubation period of the soil, At the
concentration of Mgo distilled water did
not affect the release of exchangeable
potassium, which is linked to a high
binding force with soil particles. This
correlation gradually decreased with the
increase in  the concentration  of
magnesium in the equilibrium medium due
to the charge the divalent magnesium ion
which contributes to the displacement of
monovalent potassium.

mS2

mSl

- 1.2

- 0.8
- 0.6
- 04

exchangeable potassium
concentration centimol K*.kg
1 soil

Mg0

Mg25 Mg100

Figure 8. shows the effect of magnesium concentration and incubation
period in exchangeable potassium values for soil (S1 and Sz) Centimol

K*.Kg* Sail

The effect of added magnesium levels and incubation period in the non-
exchangeable potassium concentration values

The results shown in Figure (9) showed
the effect of increasing the concentrations
of added magnesium and the incubation
period to soil in increasing the values of
the concentration of potassium released
from the soil. It is clear from the results
that the values of the non-exchanged

potassium concentration for soil Si
reached 1.745 and 1.413 Centimole K*
Kg.? Soil. At concentrations of 25 and
100 mmol Mg?*. L, respectively. The
results also show a decrease in the
concentration of non-exchanged potassium
at concentrations of 25 and 100 mmol
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Mg®*. L%, by 11.421 and 28.274%,
respectively, compared to the
concentration of 0 mmol Mg?*. L during
the incubation period of 120 days in a row,
and the highest value in the percentage of
non-exchanged potassium was at the time
of 0 days compared to the period of 120
days of incubation The results shown in
Figure (9) also showed that the values of
non-exchangeable potassium concentration
to soil S; reached (1.278 and 1.168)
Centimole K* .Kg.™ Soil at concentrations
of 25 and 100 mmol Mg?. L7,
respectively. The results also show a
decrease in the concentration of non-
exchanged potassium at concentrations of
25 and 100 mmol Mg?*. L, by 12.466 and
20.000 %, respectively, compared to the
concentration of 0 mmol Mg?*. L during

the incubation period of 120 days in a row.
The highest value in the percentage of
non-exchanged potassium at 0 days
compared to the period of 120 days of
incubation, It is noted from the results that
the values of the non-exchanged potassium
concentration decrease with increasing
concentrations of magnesium added and
the incubation period to the soil through
The effect of magnesium in dispersing the
layers of minerals and releasing a portion
of the potassium fixed between those
layers, and this was confirmed by the
results of the mineral analysis of the soils
(S1 and S») in showing the role of
magnesium in changing the diffraction
intensity of clay minerals in the soil, and
this was clear at the concentration of 25
and 100 mmol Mg?*. L.

ms2
, ms1
s
1
4 os
-0

MgO0

unexchangeable potassium
concentration centimol K*'.kg:
! soil

Mg25 Mg100

magnesium concentration mmaol Mg®*. L

Figure 9. shows the effect of magnesium concentration and incubation
period in non-exchangeable potassium values for soil (S: and S2) Centimol

K*.Kg* Sail

Conclusion

Based on the results obtained, it is clear
that magnesium has a significant effect on
the forms of chemical equilibrium of

potassium in the soil by changing the X-
ray diffraction of clay metal This
phenomenon, in which the layers of
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minerals diverge, can be used to release
part of the non-exchanged potassium and
turn it into a ready-made composition that
the plant can benefit from.
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