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Abstract

Soil nutrients consist of minerals such as Ca, Mg, K and Na ions among others which are essential to
plant growth. Soils can become deficient in these nutrients on account of pollution, flooding and over
cultivation. The soil condition can be ameliorated by addition of clay minerals which are rich in
aforementioned cations. The mineralogy of the clay mineral was investigated using X-ray
Diffractometer (XRD) and the effect of pH variation on the release of exchangeable cations of the clay
mineral deposit were investigated by varying the pH of the solution in which the clay mineral was
immersed whereas the amount of the cations released were determined using Atomic Absorption
Spectrophotometer(AAS) and Flame Emission Spectrophotometer. Three clay minerals clinochlore,
kaolinite and illite were detected. The quantity of cations released from the clay mineral varied with
pH; and the pH at which the maximum quantity of the cations were released were pH4 for K*
ions(4.63+0.38cmol/kg), pH7 Ca?* (12.0940.96 cmol/kg) and Mg?*(3.48+0.08 cmol/kg) ions and pH8
for Na+(7.81+0.58 cmol/kg) ions respectively for site 1. This trend was observed in the three sites that
were studied. This study has revealed that different pH conditions are required if this mixed clay
mineral is to be employed in the remediation of nutrient deficiency in any soil in respect of a
particular mineral.
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agricultural  purposes  especially in
developing countries (Mirdn et al.,, 2023). In
Nigeria, these problems are further

Introduction

With the ever-increasing world

population which in now well over eight (8)
billion humans, (Gross, 2023; Milner &
Boldsen, 2023) coupled with the upsurge in
the demand for land for the purposes of
building shelter and other structures which
are synonymous with urbanization, there is
a steady decline in the availability of land for
agricultural purposes (Hou et al, 2023).
Climate change and global warming are also
factors militating against land availability for
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aggravated by the degradation of arable land
due to oil spillage, uncontrolled mining
activities and perennial flooding which
affects many communities along the banks of
Rivers Niger and Benue that supplies the
bulk of the water to agrarian communities in
the country (Akpokodje & Salau, 2015;
Ahmadu & Egbodion, 2013; Umaru &
Adedokun, 2020). The combined effects of
the aforementioned factors pose serious
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threat to food security as soil nutrients
which supports plant life are either buried
beneath  pollutants rendering them
unavailable or washed away by flooding. To
mitigate these serious factors which are
capable of causing soil infertility which
would result in low or poor yield of
agricultural products in the limited arable
lands, different measures have to be
deployed.

Several methods are available to avoid
this foreseeable occurrence. One of such
methods involve the amending of soils
deficient in nutrients with fertilisers, animal
dungs and agricultural wastes (Aghalibe et
al, 2017; Abdulyekeen et al, 2022;
Ndzeshala et al., 2023). Another viable
method of soil enrichment is blending of
nutrient impoverished soil with clay rich in
nutrient elements. Research have shown that
when clay minerals are subjected to different
pH treatment, different concentrations of
mineral nutrients like potassium, sodium,
calcium and magnesium are released (Tahir
& Marschner, 2017; Irabor et al., 2020;
Irabor et al.,, 2021). Soil fertility is described
as the ability of soil to hold nutrients in the
right proportion to assist in plant growth
(Stockdale, 2002). These soil nutrients are
usually cations such as potassium (K*),
magnesium (Mg?+), calcium(Ca2+), sodium
(Nat), aluminium (Al3+), ammonium( NHs*),
iron (Fe?*), hydrogen( H*), manganese (
Mn2+), zinc (Zn2*) and copper (Cu?*); with Ca,
Mg and K being the most essential elements
to the sustenance of plants life (Irabor et al.,
2020). The ability of soils to hold these
cations, is proportional to the amount of clay
and organic matter present.

Clay minerals such as clinochlore,
kaolinite and illite (are made up of silicates);
these consist of hydrous aluminosilicate
complex material arranged in well-defined
octahedral and tetrahedral geometrics
resulting in closely packed sheets or layers.
Depending on the parent rock from which
the clay was formed, the surfaces of the
aluminosilicate sheets may consist of either
oxygen anions and or the hydroxyl ions
organized to form a closely packed
hexagonal network with the anionic network
neutralized by exchangeable cations such as
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sodium, potassium, magnesium and calcium
and; organic matter (made up of organic
acids) are sources of large amount of anions
which provide ready sites to bind these
cations through electrostatic forces (Sarkar
etal, 2019; Egloffstein, 2020). Therefore, the
amount of cationic nutrients present in soils
for plant uptake is largely influenced by the
amount of negative binding sites on clay
mineral and organic matter present in soils.
Whereas the requirements of plants for
nutrients vary widely, available scientific
data strongly support the fact that the
dependence of crops like cassava, yam and
maize which are highly cultivated in Nigeria
require different amount of nutrients such as
potassium (K) for healthy growth and
productivity (Ezui et al,, 2017; Chude et al.,
2011; Adiele et al,, 2021; Aliyu et al., 2022.
Furthermore, in Nigeria, the predominant
soils are derived from sedimentary rocks in
the forest regions (southern part of the
country) with low concentration of
potassium, whereas the savannah regions
(mostly in the northern part of the country)
contain high potassium content from
igneous and metamorphic rocks (Carsky et
al,, 2010).

Research have shown that pH
influences the release of exchangeable
cations from clay minerals and each clay
mineral deposit differs in composition
depending on the parent rock from which
they were formed, the degree of weathering
to which they are exposed and in situ
alteration reactions caused by hydrothermal
conditions and therefore clay minerals
respond differently to pH treatment (Irabor
et al, 2020; Irabor et al, 2021). The
knowledge of the optimum condition of pH
required to achieve different levels of release
of these plant nutrients from each clay
mineral deposit in order to enrich soil
deficient in any of the nutrients to enhance
plant growth and the resultant increase in
food production becomes imperative. This
study therefore, seeks to determine the
optimum pH condition to affect the release of
the mineral nutrients in the clay mineral
deposits being studied.
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Methods

Sample Area/ Sample Collection

The samples were collected in the
study area at Uhonmora, Owan West Local
Government Area, Edo State, Nigeria
between Latitude 6052’1 4” N Longitude
5056’54” E. The sites were demarcated as
described (Chimdi et al., 2012) [22]. Thus,
the clay deposit was sectioned into three and
marked site 1 (S1), site 2 (S2) and site 3 (S3)
respectively. Fifteen (15) samples were
collected per site. The samples were labelled
accordingly and air-dried in the laboratory.

Sample Preparation

The samples were prepared for
different analysis following published
procedure described by Irabor and co-
wokers (Irabor et al, 2021). Air-dried
samples were pulverized to very fine particle
sizes by using a mechanically operated
ceramic pestle and mortar . The pulverized
samples were sieved through a 2 pm sieve to
obtain a uniform size. The sieved samples
were activated at 400 °C for three (3) hours
in a muffle furnace. The cation exchange
capacity (CEC) and the exchangeable cations
or bases (EB) of the clay samples were
evaluated at the selected pH of pH 4, 5, 7 and
8 respectively. The EB were Na*, K+, Mg2+* and
Ca?+. Deionized water was employed for all
determination unless otherwise stated.

Estimation of Cation Exchange Capacity (CEC)
and Exchangeable bases (EB)

The cation exchange capacity (CEC)
and the exchangeable bases (EB) of the clay
samples at the different pH were estimated
following published procedure of Irabor et al
and Chimdi et al (Irabor et al., 2021; Chimdi
etal, 2012). 25 g of the activated clay sample
was treated with 125 mL ammonium acetate
(NH40Ac) at pH7 in a 250 mL Erlenmeyer
flask and sealed with aluminum foil. The
resulting clay mixture was agitated daily for
3 hours on a mechanical shaker for 3 days.

The sample was filtered under vacuum
through a Whatman filter paper No. 1 on a
Buchner funnel. The residue was then
washed with approximately 4mL NH4OAc.
Thereafter, the filtrate was transferred into a
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250 mL volumetric flask and made to mark
with 1 M NH40Ac. Exchangeable K+ and Na*
were determined from the solution using
flame emission spectrophotometer (FES)
Sherwood 410 model while exchangeable
Mg2+ and Ca?* were analyzed using atomic
absorption spectrophotometer (AAS) Bulk
Scientific  210VGP  model.  Triplicate
determination of the assay was carried out
and the standard deviations were
ascertained.

To remove the excess NH4OAc from the
residue, the residual clay was treated with
approximately 6 mL of 95 % ethanol
Adsorbed NH.* in the residual clay was
leached out using 25 mL of 1M KCl. The
washing was repeated 4 times and the
leachates collected were combined in a 250
mL volumetric flask and made to mark with
1M KCIL. The CEC of the clay was estimated
based on the amount of ammonium nitrogen
in the residual clay which was measured
using a Jenway 6051 colorimeter (Irabor et
al.,, 2021; Saez-Plaza et al., 2013). Triplicate
determinations were carried out and
standard deviations were ascertained.

The same procedure was adopted for
the evaluation of the EB and CEC of the clay
samples at pH 4, 5 and 8 respectively.
However, these systems were buffered with
0.1M HCI/0.1 M potassium hydrogen
phthalate (KHP) buffer 4 solution, 0.1M
NaOH/ 0.1M KHP buffer 5 solution and
0.025M disodium tetraborate/ 0.1M HCI
buffer 8 solutions respectively (Irabor et al.,
2021). All chemicals used were analytical
grade from Sigma Aldrich.

Exchangeable Acidity (EA) and Percent Base
Saturation

The exchangeable acidity (EA) and
percent base saturation of the clay samples
were evaluated using expressions 1 and 2
respectively as described in literature
(Irabor et al.,, 2020; Irabor et al., 2021).
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EA= CEC+ Na* +K* + Mg?t + Ca?* = CEC +EB...c.cceoeveernrnns (1)
Percent base saturation = % X 100t (2)
Clay Mineralogy standard (JCPDS) as contained in the Table 1.

For the mineralogical analysis, the
composite samples of the clay were
pulverized to fine particles (<2um) and were
subjected to X-ray diffraction using GBC
Enhanced Mini Material Analyzer (EMMA) X-
ray Diffractometer with Cu, Ka radiation
source. The generator operating conditions
were 40KV and 5SmA. The d- values
obtained were compared with the standard
X-ray powder diffraction file published by
the Joint Committee on the Powder
Diffraction Standards (JCPDS) for the
identification of the clay minerals (Irabor &
Okunkpolor, 2020; JCPDS, 1980).

Result and Discussion

The results of the clay mineral deposit
evaluation revealed the presence of three
prominent clay minerals, clinochlore,
kaolinite and illite based on the d-values
obtained from X-ray diffractograms which
were compared to the standard d-values
obtained from X-ray powder diffraction file

The clay mineral clinochlore is a member of
the chlorite group of minerals which is a
secondary mineral found in hydrothermal
alteration of intermediate aluminosilicate
containing magnesium end rich member
(Irabor & Okeke, 2018). Another important
clay mineral found in the deposit sites was
kaolinite which is a 1:1 phyllosilicate, with
characteristic non-expanding, low swelling
and low cation exchange capacity (Irabor &
Okunkpolor, 2020; Irabor and Dibie, 2010).
The clay mineral illite which is a non-
expanding clay mineral which can also be
formed by the hydrothermal conversion of
kaolinite, has higher ability to absorb water
than kaolinite (Bentabol et al., 2003; Supandi
etal,2019).

Table 1: Results of the Mineralogical Assay of Uhonmora Clay Mineral Deposit

Mineral d-values

Clinochlore (Mg)Al(SizAl)O10 7.16, 3.58,2.45
KaoliniteAl;Siz05(OH)4 7.19, 3.58,1.49
Illite ( Ko7Al21(SiAl)4010(OH), 3.35, 2.58, 4.49

Table 2: Exchangeable Bases (EB), Cation Exchange Capacity (CEC), Exchangeable Acidity (EA)
and Base Saturation (%) at different pH of Uhonmora Clay Mineral Site 1 (S1).

pH Cmol/Kg %
Ca Mg K Na CEC EA Base

Sat
4 3.12+0.23 1.55+0.16 4.63+x0.38 1.61+0.19 14.92+0.19 4.01+0.19 73.12
5 1.91+0.10 1.28+0.17 4.43+0.15 3.77+0.38 19.76+0.34 8.37+0.34 57.64
7 12.09+0.96 3.48+0.08 3.63x0.34 0.51%x0.37 24.40%0.67 2.38x0.67 90.20
8 7.97+0.05 3.82+0.14 0.53+x0.38 7.81+0.58 21.37+0.17 1.24+0.17 94.20

90

Copyright © 2023 WJC | ISSN 2621-5985 (online) | ISSN 2549-385X (print)
Volume 6, Issue 1, 2023



Table 3: Exchangeable Bases (EB), Cation Exchange Capacity (CEC), Exchangeable Acidity (EA)

and Base Saturation (%) at different pH of Uhonmora Clay Mineral Site 2 (S2).

pH Cmol/kg %
Ca Mg K Na CEC EA Base

sat.
4 1.67+0.59 1.91x0.07 6.67+0.31 0.87+#0.17 14.56+0.28 4.07+0.28 71.97
5 3.35+0.24 1.82x0.04 4.35x0.34 2.80+0.04 15.78+0.12 3.46x0.12 78.07
7 5.42+0.24 2.04x0.14 1.7520.30 0.17£0.09 19.71£2.34 9.24+2.34 47.00
8 4.85+0.13 1.88+#0.05 5.55+0.20 3.16x0.03 16.26+0.57 0.82+0.57 94.90

Table 4: Exchangeable Bases (EB), Cation Exchange Capacity (CEC), Exchangeable Acidity (EA)

and Base Saturation (%) at different pH of Uhonmora Clay Mineral Site 3 (S3).

pH Cmol/kg %
Ca Mg K Na CEC EA Base
Sat
4 3.15+0.19 2.17+0.10 3.85%0.24 1.01+0.10 14.35+0.14 4.17+0.14 70.94
5 3.08£0.12 1.51+0.05 3.25%0.22 2.42+0.08 15.12+0.13 4.86+0.13 67.86
7 5.25+0.35 2.22+0.28 1.32x0.08 0.73x0.12 18.10+0.84 8.58+0.84 52.6
8 2.60+0.15 1.54+0.07 3.90+0.31 2.81+0.15 16.90£0.26 6.05+0.26 64.90

The results of the exchangeable bases
(Caz+, Mg?+, K+, Na*), cation exchange
capacity (CEC), exchangeable acidity and
percentage base saturation are presented in
Tables 2, 3 and 4 which represents site 1
(S1), site 2 (S2) and site 3 (S3) respectively
for Uhonmora clay deposit. At the different
pH, the values of exchangeable calcium
cations (Ca??) obtained ranged between
191+ 0.10 -12.09+ 0.96 cmol/kg for S1,
1.67%£0.59-5.42% 0.24 cmol/kg for S2 and
2.60+ 0.15-5.25%#0.35cmol/kg for S3
respectively. Whereas the lowest values of
the exchangeable calcium cation (Ca2*) were
observed to have been released at pH5 (S1),
pH4 (S2) and pH8 (S3), the highest values at
all the three sites of the exchangeable Ca2+
were recorded at the neutral pH of 7 (S1,
12.09 #0.96; S2, 542+ 0.24 and S3, 5.25%
0.35 cmol/kg) respectively. For the
exchangeable magnesium cation (Mg?*), the
lowest concentrations were at pH5 (S1), 1.28
+0.17, pH5 (S2),1.82 + 0.04 pH5 (S3), 1.51+
0.05 cmol/kg respectively while the highest
values were obtained at pH8 (S1), 3.82+ 0.14,
pH7 (S2), 2.04+0.14 pH7 (S3)2.22+0.28
cmol/kg respectively.
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The lowest values of the exchangeable
potassium cation (K+*) were pH8 (S1),
0.53+0.38,pH7(S2),1.75+ 0.30 and pH7 (53)
1.32+0.08cmol/kg respectively. On the other
hand, the highest values for the
exchangeable (K*) obtained were pH4 (S1),
4.63+0.38, pH4 (S2), 6.67+0.31 and pH8
(S3),3.90+0.31cmol/kg. The exchangeable
sodium cation (Na+*) had its lowest values at
pH7 (S1), 0.51+0.37, pH7 (S2), 0.17£0.09
and pH7 (S3), 0.73%0.12cmol/kg
respectively. While the highest values were
obtained at pH8 (S1), 7.81+0.58; pH8 (S2),
3.16£0.03 and pH8 (S3), 2.81+£0.15cmol/kg
respectively. From the results, the optimum
values of exchangeable cations obtained
were pH dependent. Whereas the optimum
values of the exchangeable calcium ions
(Ca?*) were obtained at pH7 in the three sites
(S1, S2 and S3) which is neutral, the least
values were obtained in the acidic medium in
the three sites.

The optimal values for exchangeable
magnesium cations (Mg?+) were obtained in
the alkaline (site 1) and neutral (sites 2 and
3) media respectively. The lowest values
were recorded in pH5 (acidic medium) in the
three sites. The highest exchangeable
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potassium ion (K*) concentrations were
obtained in the acidic medium in sites 1 and
2 and in the alkaline medium in site 3. The
least values for the exchangeable K+ were
obtained in the neutral medium in S2 and S3;
and the least in alkaline medium in S1
respectively. The optimum values for
exchangeable sodium cations (Na*) were
obtained in the alkaline medium in the three
sites (S1, S2 and S3) studied, whereas the
least values were obtained in the neutral
medium. These results showed that at pH 7,
the Ca?*/ Mg?* ratio in all the three sites
exceeded the 2:1, similar results were also
obtained in the alkaline medium in sites 1
and 2. The ratio of exchangeable calcium and
exchangeable magnesium (Ca/Mg) proves a
useful guide to the soil structure and any
potential problems that might influence soil
drainage, root development and plant
growth (Chaganti et al, 2021). A well-
structured soil should have a Ca/Mg ratio
greater than 2:1 that is the concentration of
calcium ions should more than double the
concentration of magnesium (Salihaj & Bani,
2018). From the results obtained in tables
2,3 and 4, it is evident that in the neutral
medium this threshold ratio of Ca/Mg was
exceeded and therefore, the Uhonmora clay
can be classified as being well structured.

The results obtained suggest that
Uhonmora clay contains large amounts of K+,
Na+, Ca2* and Mg?+ for plant uptake (Kissel et
al., 2009). Studies have shown that increased
application of potassium enhances the rate
of photosynthesis, plant growth, yield, and
drought resistance in different crops under
water stress conditions (Hou et al, 2019;
Fontana et al., 2020; Wang et al., 2020). The
results from this study revealed Uhonmora
clay showed a significantly  high
concentrations of exchangeable potassium
ions (K+) at the different pH screened.

The cation exchange capacity (CEC)
which is the sum of all exchangeable cations
that are adsorbed, and it is a measure of the
ability of clay to hold cations (Irabor et al,
2021). CEC is used to characterize clay
properties such as fertility, swelling (ability
to retain water). There is a direct correlation
between high CEC value and soil fertility
(Domingues et al., 2020). The CEC values of
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the studies sites were S1, 14.92+0.19-24.40-
0.67cmol/kg; S2, 14.56-0.28-
19.71+2.34cmol/kg and S3, 14.35+0.14-
18.10+0.84cmol/kg respectively. In site 1
(S1), the CEC values increased from acidic to
neutral medium pH4 (14.92+0.19),
pH5(19.76+0.34), pH7(24.40+0.67) and
pH8(21.37+£0.17). In site 2 (S2), the trend
was the same pH4(14.56+0.28),
pH5(15.78+0.12), pH7(19.71%£2.34) and
pH8(16.26£0.57). Similar trend was
observed in site 3(S3) pH4(14.35%0.14),
pH5(15.12+0.13), pH7(18.10+£0.84) and
pH8(16.90+0.26).

The three sites showed that the
highest CEC values were obtained at the
neutral medium, this was followed by
alkaline medium, and the acidic medium
yielded the least CEC values The values
obtained showed that the CEC values were
pH dependent. Similarly, Laekemariam and
Kibret (Laekemariam & Kibret, 2020)
observed a variation in CEC values with
change in pH. The results obtained showed
that the clay mineral has high CEC values
which implies that it shows the ability of the
clay mineral to hold the exchangeable
cations and support plant uptake of the
desired minerals at the various pH with the
highest being pH7.

The exchangeable acidity (EA) is a
measure of acidic hydrogen and aluminium
held on negatively charged sites of clay
(Onwuka, et al., 2016). In the Uhonmora clay,
the value of EA obtained varied with pH in
the three sites. At site S1, the values were
1.24%0.17-8.37£0.34 cmol/kg with optimum
values obtained at pH5 with the minimum
values obtained at pH8; S2 values ranged
between 0.82+0.57-9.24+2.34 cmol/kg with
the maximum value obtained at pH7 and the
least value obtained at pH8; and finally, at S3,
the values ranged between 4.17%0.14-
8.58+0.84cmol/kg with the optimum values
obtained at pH7 while the minimum value
were obtained at pH4.The Uhonmora clay
was highly saturated with base cations (K,
Na+, Ca%* and Mg?+) with values ranging from
57.64-94.20% in site S1, 47.00-94.90% in
site S2 and 52-60-70.94% in site S3. The
highest values of percent base saturation
were recorded at pH8 in sites S1(94.20%)
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and S2(90.90%), whereas the highest value
was recorded at pH 4 (70.94%) in site S3.
This variation could only be linked to the
nature of the clay mineral composition in the
sites studied (Alshameri, et al, 2019;
Nadziakiewicza et al., 2019).

The results obtained from the study of
the Uhonmora clay mineral deposits showed
that for sites S1 and S2, the alkaline medium
held the highest number of bases and
therefore, would be the optimum condition
for the clay to be applied as soil blend
whereas S3 had the highest percent base at
pH4. The difference between the percent
base saturation in the acidic and alkaline
medium in site S3 is far smaller compared to
what was observed in sites S1 and S2.

Conclusion

The mineralogical analysis of the clay
revealed that the clay mineral deposit
comprised of mixed clay minerals such as
clinochlore, kaolinite and illite. The results
obtained revealed that the clay at pH 7
released the maximum amount of calcium
and magnesium ions and the ratio of calcium
to magnesium (Ca%+ / Mg?+) exceeded 2:1
which showed that it was well structured.
The highest concentration of potassium ions
(K*) were released at pH4 in sites S1 and S2
and at pH8 in site S3. The sodium ions (Na*)
were released optimally at pH8 in all the
sites. The optimum Base Saturation varied
with pH in all the sites, the highest values
were however obtained at pH8 in S1 and S2
and at pH4 in S3. This study has shown how
selective release of the nutrient ions in the
application of the clay to soils deficient in
cation plant nutrients can be achieved by pH
variation. This implies that before a clay
mineral can be applied to any soil for
remediation or supply of any particular
nutrient, the knowledge of pH condition to
which the clay mineral should be subjected
to achieve the maximum release of the
desired nutrient should be undertaken.
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