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ABSTRACT

Background and Objective: Potassium is the most important nutrient element necessary for oil palm
yield improvement. Its adsorption in soils of four different parent materials of the oil palm was studied
at the Nigerian Institute for Oil Palm Research. Materials and Methods: Soil samples obtained from
profile pits sunk under four different parent materials of the oil palm, namely alluvium, coastal plain sand,
basement complex and shale mixed with sandstone and clay, were used for adsorption studies to
determine their K-adsorptive capacities. Results: Texturally, the soils ranged from loamy sand to sandy
loam and exhibited different adsorptive capacities after equilibration. In soils under Coastal Plain Sand
parent materials, Freundlich, Langmuir and Temkin Adsorption Isotherms had r? values of 97, 26 and 57%,
respectively. This trend was also observed in the other soils. Langmuir and Temkin reflected the adsorptive
capacities of soils under alluvium and coastal plain sand, while Freundlich and Temkin’s adsorptive models
reflected the adsorptive capacities of soils under basement complex rocks and shale mixed with sandstone
and clay. Conclusion: The adsorptive capacity of the soils under alluvium was rapid, though it took a
longer time to reach equilibration when compared to others. The study therefore showed that potassium
fertilization made to improve oil palm yields in soils under Basement Complex Rocks and Shale
Mixed with Sandstone and Clay could be done less frequently because of their high K adsorptive
capacities while K application in soils under alluvium and Coastal Plain Sand Parent materials could be
done more frequently because of their low K adsorptive capacities.

KEYWORDS
Potassium adsorption, freundlich model, langmuir model, temkin model, oil palm

Copyright © 2025 Stanley et al. This is an open-access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided
the original work is properly cited.

INTRODUCTION

Soils of the oil palm belt are varied in mineralogy and mineral content. The bulk of the soils, especially
those in the Southern part of the country, are largely sandy at the top with varied underlying soil materials
that consist largely of Iron, manganese and aluminum oxide constituents. Those in the Southwestern part
of the country are largely of basement complex origin and consist of rock fragments underlying different
soil materials at different stages of weathering. Soils of shale origin, besides those of basement complex
origin, are also common. These variations are also common in the Southeastern part of the country. These
varied mineralogy and chemistry influence the performance of oil palm on such soils. Potassium is a very
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important element for all crops and a large amount of it is used by oil palm in the production of bunches
and maintenance of cellular activities'. Many soils in Nigeria are deficient in K, with wide variations in their
status®®. Soils under oil palm in the Southern part of Nigeria are low in K status®. The low status of K in
soils under oil palm is due to three factors: Rapid uptake and utilization by oil palm of water soluble and
exchangeable K; removal of K through harvesting of fresh fruit bunches and leaching of K beyond the
roots of the palms'“. The concentration of K in soils under oil palm depends upon the rate of removal by
palms and this is usually rapid under oil palm plantation system. It also depends on the rate which
adsorbed K is desorbed from the adsorbed phase. Knowledge of the variation in K adsorption among soils
under oil palm and the equilibration between quantity and intensity to determine soil K capacity and
intensity is necessary to predict, not only the fate of added K fertilizers but also the capacity of the soil to
replenish soil solution K when depleted as a result of oil palm uptake®®. There is currently a dearth of
information on the adsorption pattern of soil K, especially concerning time. This study was conducted to
determine the effect of contact time on the potassium concentration and the extent of potassium
adsorption characteristics of the selected soils by comparing different adsorption models.

MATERIALS AND METHODS

Study area: The study was undertaken in four states of Southern Nigeria. The field study commenced on
the 1st of April of 2022 and ended on May 13th of the same year. The laboratory study commenced on
June 26th of 2022 and ended on August 27th of the same year. The study was carried out on oil palm
plantations under soils of four different parent materials, viz, alluvium, coastal plain sand, basement
complex rocks and shale mixed with sandstone and clay. The soils under the different parent materials
were sampled randomly at 0-30 cm, composited for each location and labeled. The samples were air-dried
in the laboratory and passed through a 2 mm sieve, where other parameters were determined as shown
below:

Determination of particle size distribution of the soils: The soils were air-dried and passed through
a 2 mm sieve and thereafter analyzed for particle size distribution using the hydrometer method’.

The 2.5 g of the soil samples were put in 25 mL solutions of 0.01M CaCl, at 25+1°C that contained
potassium concentrations of 0, 4, 8, 16 and 32 mg/L and shaken for 2, 4, 8, 16 and 32 hrs to determine
the time necessary to reach steady state. The contents were filtered using Whatman No. 42 filter papers:
The concentration levels of potassium in the filtrate were measured using a flame photometer®.
Adsorption isotherms were constructed®. The amount of K adsorbed was determined as given below:

AK = (CK-CK) (V/M)
where, AK is the change in the amount of K (quantity factor (Q)) in solution and represents the amount
of K adsorbed, CK; and CK; are the initial K concentrations added and final equilibrium concentrations

of K in solution, respectively. The V and M are the solution volume and mass of the soil used.
The K adsorption data were fitted into the following adsorption models®™.

Freundlich adsorption equation:
x/m=acC"
This was linearized as:
log (x/m) = log a+b log ¢

where, x/m is the mass of adsorbed K per unit mass of soil (mg/kg, C is the equilibrium K concentration
of solutions (mg/L), a and b are constants obtained from the intercept and slope, respectively.
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Langmuir adsorption equation:
C/(x/m) = 1/kb-C/b

where, C is the equilibrium solution K concentration (mg/L), x/m is the mass of K adsorbed per unit mass
of soil (mg/kg), k is a constant related to the bonding energy of K to the soil, while b is the maximum
K adsorption capacity of the sail.

Temkin adsorption equation:
x/m =a+bLnC

where, x/m is the mass of Kadsorbed per unit mass of soil (mg/kg), Cis the equilibrium solution
K concentration (mg/L), a and b are constants. As with the Freundlich equation, the values of a and b were
obtained from the intercept and slope, respectively.

RESULTS

Particle size distribution of the soils: Soils under Alluvium, Coastal Plain Sand and Shale mixed with
sandstone and clay were Loamy Sand in texture, while those under Basement complex rocks were Sandy
Loam (Table 1).

Potassium adsorption by soils of the four different parent materials: In Fig. 1, the four soils, potassium
adsorption followed the same pattern of increasing with increasing amounts of added K (Fig. 1).

Potassium adsorption by soils of the four different parent materials as a function of time: This
is shown in Fig. 2-5.In alluvium, potassium adsorption increased with time and was rapid after
2 and 6 hrs of equilibration, after which it became constant till 36 hrs of quilibration, when no detectable
change was noticed (Fig. 2). In soils under Coastal Plain Sand, potassium adsorption increased with time
and reached equilibrium after 12 hrs of quilibration, after which no further change was noticed (Fig. 3).

Table 1: Particle size distribution of soils of the different parent materials

Parent material Sand (gk/g) Silt (gk/g) Clay (gk/g) Textural class
Alluvium (Agbarho) 870.10% 52.70° 73.20° Loamy sand
Coastal plain sand (NIFOR) 870.70° 30.30° 98.50° Loamy sand
Basement complex (Onishere) 793.50° 91.60° 116.40° Sandy loam
Shale mixed with sandstone and clay 855.90° 37.90° 106.20° Loamy sand

Adapted from Osayande et al."
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Fig. 1: Percent K adsorbed by four soils under four different parent materials of the oil palm
PM: Parent material, CPS: Coastal plain sand, BC: Basement complex and Sh & C: Shale mixed with sandstone and clay
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Fig. 2: Potassium adsorption characteristics of soils under alluvium parent material as a function of time
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Fig. 3: Potassium adsorption characteristics of soils under coastal plain sand parent material as a function
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Fig.4: Potassium adsorption characteristics of soils under basement complex parent material as a function

of time
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Fig. 5: Potassium adsorption characteristics of soils under shale mixed with sandstone and clay parent

material as a function of time
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Fig. 6: Freundlich adsorption for soils under alluvium parent materials
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Fig. 7: Langmuir adsorption for soils under alluvium parent materials
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Fig. 8: Temkin's Adsorption Isotherm for soils under Alluvium parent materials
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Fig. 9: Freundlich adsorption isotherm for soils under coastal plain sand
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Fig. 10: Langmuir adsorption isotherm for soils under coastal plain sand
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Fig. 11: Temkin's model for soils under coastal plain sand
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Fig. 12: Freundlich adsorption isotherm for soils under the basement complex
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Fig. 13: Langmuir adsorption isotherm for soils under the basement complex
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Fig. 14: Temkin's adsorption model for soils under basement complex rocks
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Fig. 15: Freundlich adsorption isotherm for soils under shale mixed with sandstone and clay
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Fig. 16: Langmuir adsorption Isotherm for soils under shale mixed with sandstone and clay
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Fig. 17: Temkin's model for soils under shale mixed with sandstone and clay

This trend was also observed with soils under the Basement Complex (Fig. 4). In soils under Shale Mixed
with Sandstone and Clay, equilibrium was reached after 8 hrs of equilibration, after which no further
K adsorption was noticed (Fig. 5).

Comparisons of the three different adsorption models used in the study: This is shown in Fig. 6-17.
In soils under alluvium, the Freundlich Adsorption Isotherm (FAI) had an r? value of 0.98% (Fig. 6), langmuir
adsorption isotherm (LAl) had an r* value of 23% (Fig. 7) while temkin adsorption isotherm (TAl) had an
r* value of 59% (Fig. 8). In soils under Coastal Plain Sand parent materials, Freundlich, Langmuir and
Temkin Adsorption Isotherms had r? values of 97, 26 and 57%, respectively Fig. 9-11. In soils under
Basement Complex Rocks, Freundlich, Langmuir and Temkin Adsorption Isotherms had r? values of 96, 27
and 61%, respectively (Fig. 12-14). In soils under Shale mixed with Sandstone and Clay, Freundlich,
Langmuir and Temkin Adsorption Isotherms had 98, 27 and 60%, respectively (Fig. 15-17).

DISCUSSION

While the Freundlich adsorption Isotherm suggested a high adsorptive capacity of the soils, considering
the r* values of between 96 and 98%, Temkin's and Langmuir's adsorptive models seemed to give a true
adsorptive capacity of the soils. This is similar to the findings of Osayande et al."", who opined that the
sorption characteristics of soils determined with the Freundlich models usually have high values for the
coefficient of determination. The possible explanations given for the high sorption characteristics as
determined by Freundlich adsorption models for soils under Alluvium (96%) and Coastal Plain Sands (97%)
are that the latter usually contains a high proportion of Iron and Aluminum oxides that are capable of
increasing the sorption characteristics of the soils under Coastal Plain Sand Parent materials™. While,
Umoh et al.” showed that the deposition of cementing materials, also of Iron, Manganese and Aluminum
oxide origin, could explain the high sorption characteristics of soils by the Freundlich models. Except for
soils under Basement Complex Rocks that are rich in 2:1 montmorillonite clay mineral with high affinity
to fix or sorb K, soils under alluvium and coastal plain sands are poor in the 2:1 mineral and are therefore
rich in the 1:1 type of clay minerals™. This study showed a high adsorptive capacity of the soil under
Basement Complex Rocks using both the Freundlich and Temkin models. The high adsorptive capacities
of soils under Basement Complex Rocks of both the Freundlich and Temkin models agree with
Gartley and Sims'® and Gichangi et al.’®, who showed that soils under basement complex and shale
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had higher adsorptive capacities. It was therefore concluded that soils under Basement complex rocks had
higher capacities to retain moisture and, by extension, nutrients. It has been shown that soils with higher
capacities to retain nutrients and water contain higher clay contents, which are also capable of fixing or
adsorbing nutrient elements depending on the prevailing environmental soil conditions' ', Soils under
Basement complex rocks and Shale mixed with Sandstone and Clay were similar in their adsorptive
capacities, as shown in the three different adsorptive models. Concerning the Freundlich adsorption
isotherm, Soils under Basement complex rocks and Shale mixed with Sandstone and Clay had r*values of
96 and 98%, respectively. For Langmuir, the r* values were 27% respectively, while the r* values for
Temkin's were 61 and 60%, respectively. Similarly, soils under alluvium and coastal plain sands had the
same trend of adsorptive capacities, such that, concerning the Freundlich adsorption isotherm, soils under
alluvium and coastal plain sands had r* values of 98 and 96%, respectively. With Langmuir, their r* values
were 23 and 26%, respectively, while with Temkin's model, the r* values were 59 and 57%, respectively.
Knowledge of the properties and characteristics of these soils indicated that the Freundlich adsorption
isotherm overshot the adsorptive capacities of these soils''. The Langmuir adsorptive model seemed to
suggest a very low adsorptive capacity of the four soils, which reflects the nature of soils under alluvium
and coastal plain sand parent materials'™. Both soils were sandy, especially at the sampling depth of 0-30
c¢m. This may not reflect the true adsorptive capacities of soils under basement complex rocks and shale
mixed with sandstone and clay, which was reflected by Freundlich and Temkin's adsorption isotherms. The
implication of these for K fertilization to palms is that soils under alluvium and coastal plain sands may
require frequent K fertilization, as very little is adsorbed on the soil exchange complex. In soils under
Basement complex rocks and Shale mixed with Sandstone and Clay, K fertilization could be made to palms
at predetermined intervals, as large amounts could be adsorbed on the soil exchange complex.

CONCLUSION

The study concluded that the soils under the four different parent materials of the oil palm, namely
alluvium, coastal plain sand, basement complex and shale mixed with sandstone and clay, exhibited
different adsorptive capacities. Langmuir and Temkin reflected the adsorptive capacities of soils under
alluvium and coastal plain sand, while Freundlich and Temkin’s adsorptive models reflected the adsorptive
capacities of soils under Basement complex rocks and Shale mixed with sandstone and clay. The
implication of these for K fertilization to palms is that soils under alluvium and coastal plain sands may
require frequent K fertilization to compensate for the low adsorptive capacities of Langmuir and Temkin’s
models. In soils under Basement complex rocks and Shale mixed with Sandstone and Clay, K fertilization
could be made to palms at predetermined intervals, as large amounts could be adsorbed on the soil
exchange complex, as shown in the high adsorptive capacities of the soils by Freundlich and Temkin's
models. The three models are therefore useful for studying the variations in soils of the oil palm belt for
K management.

SIGNIFICANCE STATEMENT

This study identified the varying potassium (K) adsorptive capacities of soils derived from different parent
materials. Basement Complex rocks, Shale Mixed with Sandstone and Clays, Alluvium and Coastal Plain
Sand, which could be beneficial for optimizing potassium fertilizer application and improving oil palm
yield sustainability. This study will assist researchers in uncovering critical areas of nutrient retention and
fertilizer-use efficiency in oil palm soils that have remained unexplored by many. Consequently, a new
theory on soil-specific potassium management strategies in oil palm cultivation may be developed.
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