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ABSTRACT: A study was conducted on the distribution of
potassium in the surface soil of Kano University of Science and
Technology teaching, research and commercial farm, Gaya
during 2018/2019 session. The contents of different forms of
potassium were observed. Water soluble, exchangeable, non-
exchangeable, mineral and total potassium were determined in
surface soil (0-15cm) in KUST teaching, research and
commercial farm, Gaya. The results showed that the average
values for water soluble K, exchangeable K, non-exchangeable
K, mineral K and total K were: 0.14, 0.18, 0.35, 1.36 and 3.92
Cmol/Kg soil respectively. The values for K saturation
percentage (KSP) ranged between 0.12-019 and exchangeable K
between 0.13-0.20 Cmol/Kg clay. There was a wide variation in
the values of various forms of K and among indices associated
with mineral composition in different soils. The results show that
the values of K form in most of the studied soils are quite low.
Consequently, the supplying power of potassium in these soils is
low and the need for potassium fertilizer is recommended.

KEYWORDS: Physico-Chemical Properties, Water-Soluble K,
Exchangeable K, Non-Exchangeable K, Mineral, Total K.
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INTRODUCTION

Potassium is the major nutrient element and the most abundant elemental constituent of the soil
(Lalitha and Dhakshinamoorthy, 2014). Potassium is a metallic element found naturally in
various salts and clay minerals in soils (Strivastava, 2007). Available potassium is a limiting
factor in many agricultural and environmental soils. There are equilibrium and kinetic factors
between these forms that affect the level of soluble potassium at any particular time, and thus
the amounts that are readily available to plants (Jalali and Khanlari, 2014). The amount of soil-
soluble potassium is usually too low to meet the requirement of potassium by crops, while the
exchangeable potassium is often large enough to satisfy the requirement of one crop but too
small to meet the needs of several crops (Sparks and Hung, 2002). Non-exchangeable
potassium occupies internal positions of clay sites as well as hexagonal cavities of certain
minerals such as illite. Non-exchangeable potassium is moderately to sparingly available to
plants (Mengel & Kirkby, 1987; Al-zubaidai & El-semok, 2002). The type of potassium
bearing minerals greatly affects the release rate of non-exchangeable potassium (Martin &
Sparks, 1983). Soil type pedoclimatic conditions affect the potassium supplying power of
Sudan Savanna soils (Darwish et al., 2003). Mineral or structure potassium also known as
native matrix—in this form 90-95% of total potassium is bounded within the crystal structure
of various potassium bearing minerals like feldspar and micas. Total potassium represents the
sum of all soil potassium forms. There are several factors that affect the quantity of total
potassium in soil such as parent material, climate, leaching and vegetative cover. Improving
the understanding of the knowledge of potassium dynamics and distribution patterns becomes
critical for better agronomic management (Sato et al., 2009). The aim of this research work
was to estimate potassium distribution in surface soils in KUST, Wudil research, teaching and
commercial farm at Gaya.

MATERIALS AND METHODS
Sampling Site

The samples were collected from Kano University of Science and Technology new teaching,
research and commercial farm, Gaya. The vegetation of the area is typically the Sudan
Savannah region of Northern Nigeria, Gaya (Olopin, 1997) characterized by annual rainfall of
850-857mm, the bulk of which falls from June to September. The mean annual temperature is
about 36°C-38°C in the coolest months (December/January) and 35°C in the hottest months,
with relative humidity of 40%, latitude of 11°N—12'N and longitude of 7° 30'E-8°35'E. These
coordinates are for Gaya zone which falls in Sudan Savanna region of Nigeria (Kano state
station of AR, 2008). The parent materials in the area include aluminium and aeolian sands
overlying either aluminium or basement complexes (Lekwa, 1982).

Sampling

The field was already subdivided into four units or strata before the study in order to have a
broader knowledge about the site from which the soil may be collected. These include Animal
Production Unit, Grazing Unit, Crop Unit and Forestry Unit. Five samples were collected from
each strata/unit randomly within a depth of 0-15cm from 5 different locations within 5m? from
each unit. These samples were air-dried, kept in labelled polythene bags and then taken to the
laboratory for analysis.
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Laboratory Analyses

Composite soil samples were collected, air-dried in a shade, gently ground using wooden pestle
and mortar, and passed through 2mm and 0.5mm sieves to remove coarse fragments. The
sieved samples were preserved in polythene bags for further analysis. All the soil samples
varied widely in their physico-chemical properties. Particle size distribution of the soil samples
was determined using the hydrometer as described by Bouyocos (1951). Soil reaction was
determined in a 1:2.5 soil water suspension after stirring for 30 minutes using a pH meter
(Jackson, 1973). Organic carbon content was determined using the Walkley-Black wet
oxidation method as described by Nelson and Sommers (1982). The total nitrogen content of
the soil was determined using the micro-Kjeldahl technique as described by Bremner and
Mulvaney (1982). Available phosphorus was determined by using the Olsen’s reagent as
extractant by using Spectrophotometer (Jackson, 1973). Available potassium was determined
by extracting the soil with neutral normal ammonium acetate, and the contents of K in solution
and a flame photometry was used (Jackson, 1973). Exchangeable bases (Ca, Mg, K and Na)
were extracted with 1M ammonium acetate (1M NH4OAc) solution buffered at pH 7.0
according to Anderson and Ingram (1998). Calcium and Mg in the leachate were determined
with atomic absorption spectrophotometer while K and Na were determined with flame
photometer. Total Exchangeable Bases (TEB) were calculated as the sum of Ca, Mg, K and
Na. The effective cation exchange capacity was calculated as the sum of the bases extracted by
1M NH4OACc at pH 7 and exchangeable aluminium. The physico-chemical properties of the
soil were presented in Table 1.

Different forms of potassium were estimated by:
1. Water-soluble potassium

Water-soluble K was determined by shaking the soil sample with deionized water. In this
method, 5g of air-dried soil was placed in a conical flask and 25 ml of distilled water was added
(1:5 ratio). This mixture was shaken in a mechanical shaker for an hour and filtered. Potassium
was estimated from the filtrate on the flame photometer (Pratt, 1982).

2. Exchangeable potassium

Exchangeable K was obtained by flame photometer using 1N neutral ammonium acetate
extraction (NH4OAc). This method involved placing 5g soil in a conical flask; 2ml 1N
NH4OAc was added and shaken for 10 min. The supernatant liquid was decanted into a 100ml
volumetric flask. There were three additional extractions made in the same manner. The
combined extractions were diluted to 100ml with 1N NH4OAc and K was determined by flame
photometer (Piper, 1966).

3. Non-exchangeable potassium

It was determined by using 1N boiling HNO3z extraction method. In this method, 2.5g of finely
ground soil (Imm) was placed in a 100ml Erlenmeyer flask. 2.5ml of 1N HNO3z was added and
the flask was placed on a hot electrical plate. The suspension was boiled gently for 10 min.
The flask was then removed and after cooling, the content was filtered and the filtrate was
received in a 100ml volumetric flask. The soil was washed four times with 15ml portions of
0.IN HNOs3. The solution was diluted to volume, mixed thoroughly and K was determined
using a flame photometer (Pratt, 1982).
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4. Total potassium

Total K was estimated by digesting the soil samples with HCIOs-HNO3z acid mixture and
leached with HCI, as described by Rayment and Lyons (2011). The various forms of K in the
respective extracts were determined using the flame photometer.

5. Mineral potassium

Mineral K was determined by subtracting total K from HNO3 extractable.

RESULTS AND DISCUSSION
Physico-Chemical Properties of the Soil

The particle size analysis (Table 1) shows that the texture of the different soil profiles of the
different sequences of these areas is predominantly sandy loam in nature. The clay to silt
content in these soil profiles contribute to the sandy nature of the parent material (Lekwa,
1982). The pH values range from medium to high acidity. The medium pH level with the
sample can be attributed to factors such as low rainfall, burning, slow removal of bush due to
low cropping intensity and little application of acidifying fertilizers (Beet, 1990). Therefore,
the soil of the study area possesses pH values tolerable to most cultivated crops. Soil contains
carbon in both organic and inorganic forms. In most soils (with exception of calcareous soil),
the majority of carbon is held as soil organic carbon. Soil organic carbon in the soil ranges
from less than 1% in sandy soils to almost 100%. Soil organic carbon is important for the
functioning of ecosystems and agroecosystems, having a major influence on the physical
structure and the soil ability to store water and supply nutrients. The total nitrogen is found to
be low; this is attributed to the low natural organic matter and other human factors such as
burning and removal of crop residues, since the low level of inorganic nitrogen amounts for
only a small portion of total nitrogen in the savanna soils (Jone and Wild, 1995). The available
phosphorus in the sample is found to be low. Exchangeable bases are also called base cations
(Ca, Mg, K and Na) or exchangeable cations which are closely related to the cation exchange
capacity (CEC), that is base saturation, which is the fraction of exchangeable cations. The
amount of these positively charged cations a soil can hold is described as the CEC. A high CEC
is an indication of the potential to hold plant nutrients. Increasing the organic matter content of
any soil will help to increase the CEC. From the table, the soil sample has low exchangeable
cations.

Exchangeable Potassium

The content of the exchangeable potassium is shown in Table 2. The ranged value for
exchangeable potassium (0.15-0.27 Cmol/kg) is less than the required value to support the
growth of crops, but is often large enough to satisfy the requirement of one crop (Spark &
Huang, 2002). The exchangeable K represents the fraction of potassium which is adsorbed on
external and accessible internal surfaces. These are in equilibrium and are collectively known
as the readily available potassium pool (Shaikh et al., 2007). Exchangeable K content of these
soils varied from 0.15-0.27 Cmol/kg. The contribution of exchangeable K towards total K was
11 to 14%. Considering 125 kg ha as general critical limits for crops, all the soils were high
in exchangeable K. The sand fraction was significantly but negatively correlated with all forms
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of potassium; this may be due to less content of potassium bearing minerals in sand fractions.
The present findings are in a similar line as that of Singh et al. (2001) and Gangopadhyay et al.
(2005). The better correlation of these forms of potassium with other forms indicates that the
different forms of potassium were in dynamic equilibrium with each other.

Soluble Potassium

Soluble potassium in the study is shown in Table 2. The soluble potassium (H20-K) ranged
from 0.12-0.19 Cmol/kg which corresponds to 4.05-74.6 kg/ha, which is very low and not
sufficient to support plant growth being much lower than requirement of most crops.

This amount seemed to be quite inadequate to meet the major part of the requirement of fast-
growing short duration crops for potassium. The level of potassium is too small compared with
other potassium forms. Higher values of water-soluble potassium in surface horizons could be
attributed to relatively higher amount of clay fractions, and possibly more removal of water-
soluble potassium by crops under intensive cultivation from surface horizons. This may be due
to less content of potassium bearing minerals in sand fractions. Similar results were also
reported by Ghiril and Abtahi (2011), Srinivassarao et al., and Setia and Sharma. The better
correlation of these forms of potassium with other forms indicates that the water-soluble
potassium was governed by the other forms of potassium like non-exchangeable and total
potassium.

Non-exchangeable Potassium

The values for the non-exchangeable potassium are shown in Table 2. Non-exchangeable K is
generally considered slowly released and the available potassium to the plant under stress
situations. The non-exchangeable K content varied from 0.29-0.52 Cmol/kg ha with an
overall mean value of 0.35 Cmol/kg.

The data show that the value of non-exchangeable K ranged from 0.29-0.46 Cmol/kg with a
mean value of 0.35 Cmol/kg. The lower amount in surface layers might be due to the release
of fixed potassium to compensate for the removal of water-soluble and exchangeable potassium
by planting and leaching losses. The non-exchangeable potassium is held between adjacent
tetrahedral layers of dioctahedral and trioctahedral mica, vermiculites and integrated clay
minerals such as vermiculite (Sparks, 1987). Similar results were reported by Kundu et al.,
(2014).

Mineral Potassium

The values of the mineral potassium are shown in Table 2. The values of the mineral potassium
showed variation; they ranged from 0.80-3.0 Cmol/kg with a mean value of 1.36 Cmol/kg. The
content of mineral potassium form depends on the soil types, type of primary and secondary
minerals, quantities of clay minerals, the degree of weathering on the particle-size distribution
and environmental conditions (Sharpley, 1987; Dhakad et al., 2017). The lowest value of
mineral potassium was observed in the crop science unit and the highest value was observed in
the grazing unit. This might be due to the sandy nature of the areas, no feldspars, micas and
clay minerals or any other activity that favours particle-size distribution.

30 Article DOI: 10.52589/AJAFS-QOQKELBV
DOI URL: https://doi.org/10.52589/AJAFS-QOQKELBV



African Journal of Agriculture and Food Science
ISSN: 2689-5331
Volume 4, Issue 2, 2021 (pp. 26-35) www.abjournals.org

Total Potassium

The values of the total potassium in the studied soils sample are shown in table 2. They ranged
from 0.75-4.90 Cmol/kg with a mean value of 3.15 Cmol/kg. The higher total K content in
soils may be due to the presence of sufficient quantity of potash bearing primary minerals like
feldspar and mica, and it seemed to be directly related with clay and organic matter content of
these soils. The reason for the high content of potassium in the lattice structure potassium may
be richness in potassium bearing minerals (Sharma et al., 2009). The type of the total potassium
depends mainly on the type of parent material, the type of secondary and primary minerals, and
soil fraction (Al-Zubaidai and Elsemok, 2002). The factors affecting the forms of potassium
were therefore clay minerals, leaching particle size distribution, low CEC of the soil and
possible phosphate compounds in the soil (Igwe et al.,2008). Also (Tening et al., 1995),
experiment shows that total potassium ranged from 2.30-4.70Cmol/kg which is available,
forming 1.47% of the total potassium size distribution in these soils with respect to depths. This
agrees with the research finding of Jagmohan and Grewal (2015) and Divya et al., (2016).

Table 1: Some physico-chemical properties of soils at 0-15cm depth in KUST Teaching
and Research farm, Gaya

Treatment Texture pH (1:1) Org. Carbon (%) Total N (%) Avail. P (ppm) Exchangeable Bases (Cmol/kg)

Ca Mg k Na

ANS 1 Sandy loam 7.3 0.1596 0.014 25 0.064  0.003 0.34  0.06
ANS 2 Sandy 7.1 0.1367 0.003 18 0.063 0003 031 0.08
ANS 3 Sandy loam 6.9 0.1197 0.012 23 0.062  0.002 032 0.07
ANS 4 Sandy loam 7.0 0.0998 0.009 17 0.051  0.003 031 0.06
ANS 5 Clay 7.1 0.1995 0.017 19 0.057  0.003 031 0.06
CRS1  Sandy loam 7.2 0.1596 0.016 19 0.054 0.002 0.34 0.08
CRS2 Silt 7.0 0.1594 0.015 21 0.073 0.002 0.30 0.06
CRS3  Sandyloam 7.1 0.1567 0.013 19 0.057 0.003 029 0.07
CRS4  Sand 6.9 0.1297 0.018 16 0.042 0.002 031 0.07
CRS5 Sandy loam 7.0 0.1543 0.013 19 0.061 0.002 031 0.05
GRU1  Sandy loam 7.0 0.1397 0.017 15 0.082 0.002 029  0.07
GRU 2  Sandy loam 7.1 0.1299 0.016 17 0.071  0.003 030 0.08
GRUb Clay 7.2 0.1495 0.014 18 0.075 0.003 030 0.09
GRU 4  Sandy loam 7.0 0.1544 0.009 19 0.063 0.002 290.  0.08
GRUS5  Silt 7.1 0.1399 0.015 17 0.069 0.002 0.30 0.06
FOR1 Sandyloam 7.2 0.0988 0.016 19 0.073 0.001 036  0.09
FOR2 Sand 7.1 0.1299 0.012 12 0.081 0.002 032 0.08
FOR3 Sandyloam 7.0 0.1955 0.014 14 0.062 20.00 031 0.06
FOR4 Sandyloam 7.0 0.1196 0.013 13 0.071 0.003 031 0.08
FOR5 Silt 6.9 0.1344 0.017 10 0.063 0.001 032 0.07
31 Article DOI: 10.52589/AJAFS-QOQKELBV

DOI URL: https://doi.org/10.52589/AJAFS-QOQKELBV



African Journal of Agriculture and Food Science
ISSN: 2689-5331
Volume 4, Issue 2, 2021 (pp. 26-35) www.abjournals.org

Table 2: Potassium Distribution in the Surface Area of the Study (Cmol/kg)

SIN TREAT EX-K Cmol/Kg SK Cmol/Kg NON-EX K Cmol/Kg MK Cmol/Kg K Cmol/Kg

1 ANS1 0.24 0.15 0.42 1.20 2.87
2 ANS2 0.18 0.12 0.32 1.30 0.99
3 ANS3  0.27 0.22 0.51 0,90 3.50
4 ANS4  0.24 0.18 0.43 2.00 3.00
5 ANS5  0.25 0.19 0.46 2.50 4.90
MEAN VALUE 0.23 0.17 0.42 1.58 3.05
6 CRS1 0.20 0.14 0.36 1.00 0.75
7 CRS2 0.8 0.15 035 1.90 2.325
8 CRS3 0.22 0.13 0.37 0.80 2.89
9 CRS4 0.17 0.12 0.31 2.01 3.00 10
CRS5 0.6 0.14 0.32 1.81 4.90
MEAN VALUE 0.18 0.13 0.34 1.55 2.77
11 GRU 1 0.21 0.17 0.41 2.00 2.70
12 GRU 2 0.16 0.18 0.29 191 3.11
13 GRU 3 0.18 0.14 0.33 1.00 3.00
14 GRU 4 0.20 0.13 0.34 2.52 4.01
15 GRU 5 0.18 0.14 0.34 3.00 0.81
MEAN VALUE 0.18 0.15 0.34 2,09 2.74
16 FOR1 0.16 0.14 0.32 131 2.00
17 FOR 2 0.15 0.13 0.29 1.40 2.22
18 FOR 3 0.17 0.14 0.32 0.80 3.85
19 FOR 4 0.16 0.13 0.31 2.00 3.95
20 FORS5 0.16 0.12 0.29 2.50 3.75
MEAN VALUE 0.16 0.13 0.30 1.62 3.15
OVERALL MEAN 0.18 0.14 0.35 1.36 3.92
RANGED 0-15-0-20 0-12-0-19 0-29-0-46 0-9-3-00 0-75-4.9

SUMMARY AND CONCLUSION

The research work was conducted in KUST, teaching, research and commercial farm, Gaya
which falls in Sudan Savannah of Nigeria. The project was designed to evaluate the potassium
distribution in surface soil (0-15cm) in the available farm unit of Wudil research farm. The
results of the exercise indicate that all the forms of potassium are low to support plant growth.
These result from poor fertility management, continuous cropping or they may be inherited
from parent material. The clay and silt in the soil profile contribute to the sandy nature of the
soil. The pH of the soil ranges from low to high acidity which is attributed to factors such as
low rainfall, burning, slow removal of bush due to low cropping and application of acidifying
fertilizers. This enabled the soil to be productive and retained a sufficient amount of nutrients
for crop growth.
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Soil Fertility Rating

Characteristics High Medium Low
Soil pH (1:1) 5.0-6.5 4555 4.0-45
Organic Carbon (Percentage) >20 >-20 <7
Total nitrogen (percentage) >2.0 1.5-2.0 <15
Non-Exchangeable Potassium and

Exchangeable Potassium (Cmol/kg) >0.4 0.15-0.4 <0.15
Mineral Potassium (Cmol/kg) >5 25 <2
Total Potassium (Cmol/kg) >6 4-6 <4
Exchangeable K(Cmol/kg) >04 0.2-0.4 <0.20
Exchangeable Ca (Cmol/kg) >10 5.0-10.0 <50
Exchangeable Na (Cmol/kg) >0.7 0.30-0.70 <0.30
Exchangeable Mg (Cmol/kg) >3.0 1.5-3.0 <15

Source: Eno et al., 2009

ABBREVIATIONS
TREAT. — Treatment MK -

Mineral Potassium

ANS — Animal Science Unit K — Total Potassium

CRS — Crop Science Unit

FOR — Forestry Unit

GRU — Grazing  Unit

EX K — Exchangeable Potassium

SK — Soluble Potassium

Non Ex K — Non-exchangeable Potassium
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