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ABSTRACT
The distribution of potassium forms was studied at Bida, Niger state as part of the Shea butter tree 
domestication effort of the Nigerian Institute for Oil Palm Research. Soil samples were obtained 
with the aid of a soil auger at 0-15 and 15-30 cm. The soil samples were air dried, sieved with a 
2 mm sieve and analyzed for some physical, chemical and potassium forms using standard meth-
ods. Results indicated that a state of dynamic equilibrium exists among the forms of potassium as 
significant correlations were obtained between total K and difficultly exchangeable K, total K and 
exchangeable K and total K and residual K with (r = 1.000, P< 0.01); (r = 0.983, P< 0.01); (r = 
0.944, P< 0.01)) respectively. In terms of relationship between the forms of K and the particle size 
distribution of the soils, total K had a very strong relationship with silt with an r2 value of 61.7 % 
while difficultly exchangeable K had a strong and moderate relationship with silt and clay with r2 

values of 65.9 % and 50.1% respectively. Water soluble K had strong relationships with silt and 
clay with r2 values of 67.5 % and 60.1% respectively. A weak relationship however exists between 
the forms of K and sand in the soils. While there may not be an urgent K-fertilization need in the 
soils as revealed by the K-saturation index, the mobile K however showed a moderate K status of 
the soils. This implies that it might be useful if K fertilization is made at the onset of flowering, a 
period which corresponds to peak demand in K by crops.
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INTRODUCTION

The Shea butter plant (Vitellaria paradoxa 
C.F. Gaertn) is a tree species growing exten-
sively in the Agroforestry parklands of Semi-
arid Africa zone from Senegal to Uganda, where 
it is protected and managed (Hall et al., 1996; 
Maranz et al., 2004). The tree according to 
Abubakari et al. (2012) is very important in the 
rural health care and the rural economies in the 

Sudano-Sahelian regions of Africa. The distri-
bution of the Shea tree in the savannah regions 
of Africa is greatly affected by climatic and soil 
factors. Critical soil factors affecting the distri-
bution of the Shea tree appear to be soil physi-
cal and chemical properties (Abubakari et al., 
2012). The physical and chemical properties of 
soils have a direct correlation with the nutrient 
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status of soils. Responses to applied nitrogen 
and phosphorus fertilizers have been reported 
for Shea seedlings (Dianda et al., 2012). Next 
to nitrogen, potassium is the mineral nutrient 
required in large amount by plants. It plays a di-
rect role in fruit quality and maintenance of cel-
lular organizations by regulating permeability 
of cell membranes and keeping the protoplasm 
in a proper degree of hydration (El-Nemr et al., 
2012). Plants growing in potassium deficient 
soils are susceptible to fungal and bacterial dis-
ease attack (Biswas and Mukherjee, 1994).

Exchangeable potassium (K) is widely used 
for evaluating the soil potassium status and 
prediction of crop potassium requirements 
(Samadi, 2006; Krauss, 2003), while in some 
countries, the potassium saturation index (%) is 
used for the assessment of soil potassium status 
(Mutscher, 1995). However, recent studies have 
shown that exchangeable potassium alone can-
not be used as the basis for evaluating potassium 
availability under intensive cropping (Bansal et 
al., 2002). According to Bansal et al. (2012) soils 
that were considered sufficient in exchangeable 
potassium were not able to maintain that condi-
tion for long under intensive cropping with high 
yielding varieties. This confirmed an earlier ob-
servation that as cropping becomes more inten-
sive, the drain on potassium increases and the 
occurrence of potassium deficiency will likely 
become more widely spread in the soils of the 
Savanna zone of Nigeria (Wild, 1971). There is 
a continuous but slow transfer of potassium in 
the primary minerals to the exchangeable and 
slowly available forms of potassium (Kirkman 
et al., 1994). The release of these non-exchange-
able forms of potassium occur when the level 
of exchangeable potassium and solution potas-
sium (labile K) was decreased by crop removal 
and or leaching (Sparks, Martens and Zelanzny, 

1980). The quantity of these non-exchangeable 
forms of potassium (Total K, reserved K, mobile 
and residual K) present in a soil has been the 
basis for the assessment of the potassium status 
in soils in recent times.

This study was therefore undertaken to deter-
mine the quantity of non-exchangeable forms of 
potassium in soils supporting Shea tree cultiva-
tion at Bida, Niger state with a view to predict-
ing Shea tree potassium requirement. This is 
part of the effort at domesticating the Shea but-
ter tree in Nigeria.

MATERIALS AND METHODS:

Study area

This study was conducted at the Nigerian In-
stitute for Oil Palm Research Substation, Bida, 
Niger State. The area falls within the Southern 
Guinea Savannah zone of Nigeria and is located 
on Latitude 080 05.278’N  and Longitude 0060 

47.789’E with annual rainfall ranges between 
500 mm to 1200 mm per annum. Minimum and 
maximum temperature ranges between 24 0C 
and 33 0C respectively. The site is generally flat 
with the presence of a few ant hills. The major 
land use types in the area are arable crop pro-
duction intercropped in Shea tree parklands. The 
Shea field used for this study is part of the do-
mestication effort for Shea butter tree of the Ni-
gerian Institute for Oil Palm Research at Bida. 
And no previous fertilizer application has been 
made in the field.

Soil sampling

Representative soil samples were obtained at 
two depths, surface (0-15 cm) and subsurface 
(15-30 cm) with the aid of a soil auger from a 
field cultivated to the Shea tree. Soil samples 
obtained were bulked into a composite, mixed 
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thoroughly and replicated three times. Soil sam-
ples obtained were air-dried and sieved to pass 
through a 2- mm mesh.

Soil analysis

The particle size distribution was determined 
by the hydrometer method as described by Boy-
oucous (Gee and Or 2002). The soil organic 
carbon was determined by the Walkley-Black 
method (Nelson and Sommer, 1996) and mul-
tiplied by 1.724 to obtain organic matter. Soil 
pH was determined in 1:1 Soil to water solu-
tion using a pH meter (Hendershot et al., 1993). 
Soil exchangeable bases were extracted by the 
ammonium acetate method buffered at pH 7 
(Thomas, 1982). Calcium and magnesium were 
read with the aid of a UV 2100 Spectrophotom-
eter while potassium and sodium were read with 
a flame photometer. Effective cation exchange 
capacity (ECEC) was determined by summation 
of exchangeable cations and exchangeable acid-
ity ((Kamprath,1970; Mylavarapu and Kennel-
ley, 2002).

Potassium fractionation:

1	 Water soluble potassium:

Water soluble K was extracted in 1:2 soil-wa-
ter suspensions after shaking for two hours and 
allowing them to stand for additional sixteen 
hours (Maclean, 1961).

2	 Exchangeable potassium:

Exchangeable potassium was extracted by nor-
mal ammonium acetate (1N NH4OAc) buffered 
at pH 7 (Thomas 1982)

3	 Potassium supplying power:

The potassium supplying power was obtained 
by extracting the soils with 1N Nitric acid (1 N 
HNO3) in 1: 10 soil – acid suspension with boil-
ing for 10 minutes (Graley et al., 1960). 

4	 Potassium reserve:

Potassium reserve was extracted with 1N HCl 
using a soil – acid ratio of 1: 10 and boiling the 
suspension for 60 minutes (Graley et al., 1960)

5.	 Total potassium:

Total potassium was obtained by digesting the 
soils in a mixture of concentrated HNO3 and 
Perchloric acid (HClO4) using a soil – acid ratio 
of 1:10.

Data analysis: Data obtained were subjected 
to One- way analysis of variance (ANOVA) and 
the Least Significance Difference (LSD) at 5 
% level of probability was used to separate the 
means while regression analysis was used to es-
timate the relationship between the forms of K 
and some physical and chemical properties.

RESULTS AND DISCUSSION

Physico-chemical properties of the soils

The physical and chemical properties of the 
soils are shown in Table 1. Sand was 953.3 g/
kg and 946.7 g/kg in both top and sub soils re-
spectively and decreased with increased soil 
depth. Silt also decreased with increasing soil 
depth while clay increased with increasing soil 
depth (Table 1). The soils are therefore sandy in 
texture.The soil pH was slightly acidic in both 
soil depths. Soil pH and organic matter had the 
same trend of decreasing significantly with in-
creasing soil depth. Organic matter content of 
the soils was low with values of 6.21 g/kg and 
5.17 g/kg at the top and sub soils respectively. 
Low soil organic matter contentis typical of the 
Guinea Savanna regions of Nigeria (Amakh-
ian and Osemwota, 2012). Agboola and Corey, 
(1972) reported a value of 30 g/kg as the criti-
cal level of organic matter in soils. According 
to Agboola and Corey (1972) the low value of 
organic matter coupled with the sandy texture of 
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the soil would encourage a rapid leaching of cat-
ions into the subsoil from the surface soils.This 
probably explains the increase in calcium, mag-
nesium, sodium and potassium with increasing 
soil depth (Table 1).The low values of ECEC 
observed in the soils agrees with those of Am-
akhian and Osemwota (2012) who reported low 
values of ECEC in soils of the Southern Guinea 
Savanna Zone of Nigeria.

Forms of potassium in the soils

Total potassium: The various forms of potas-
sium are shown in Table 2. Total potassium was 
0.56 cmol/kg and 0.59 cmol/kg at the top and 
sub soils respectively and increased significant-
ly with increasing soil depth (Table 2). The low 
values recorded for total potassium agrees with 
the findings of Wild (1971) who reported that to-
tal potassium of soils derived from Nupe Sand-

stones and false bedded sandstones contained 
only 0.06 % to 0.11% (0.57-0.58 cmol/kg) of the 
forms of potassium in the soils. The soils under 
observation are derived from Nupe Sandstones 
and false bedded Sandstones. Total potassium 
significantly correlated with potassium supply-
ing power, exchangeable potassium and residual 
potassium with (r = 1.00, P<0.01); (r = 0.983, 
P< 0.01) and (r = 0.944, P< 0.01) respectively 
(Table 3) thus indicating a state of equilibrium 
among these forms of K. Ano (1991) observed 
a significant correlation between total K and 
potassium supplying power, exchangeable po-
tassium and residual potassium and concluded 
that they were in equilibrium with one another. 
Total K had a strong and very strong relation-
ship with silt and organic matter with r2 values 
of 61.7% and 94.7 % respectively (Table 4). 
Aghimien and Osemwota (2010) obtained a sig-
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nificant correlation between total K and silt of 
soils formed from Shale mixed with sandstone 
and clay and fresh water swamps.

Water soluble K was low with values of 0.13 
cmol/kg at both soil depths. These low values 
corresponded with the findings of Aghimien and 
Osemwota (2010) who reported water soluble 
K values of 0.12, 0.09, 0.08, 0.10 and 0.10 for 
soils formed from five different parent materials 
which were Crystalline metamorphic and igne-
ous rocks, Shale mixed with sandstone and clay, 
Coastal plain sand, Coastal alluvium and Fresh 
water swamps respectively.Water soluble K sig-
nificantly correlated with reserved K which ac-
cording to Ano, (1991) indicated a state of equi-
librium between water soluble K and reserved 
K in the soil under observation. Water soluble K 
had a strong relationship with silt and clay com-
ponents of the soil with r2 values of 67.5 % and 
60.1 % respectively (Table 4).

The values of the potassium reserve were 
lower than the values of the total potassium but 
were slightly higher than difficultly exchange-
able potassium. The low values of reserved K 
observed in these soils agrees with the findings 
of Adegite (1993) who reported low potassium 
reserved values in soils of Nupe Sandstones par-
ent materials. Reserved K constitutes a major 
part of the total non-exchangeable potassium 
which is released under intensive cropping (Udo 
and Ogunwale, 1978). The degree of sufficiency 

of K for crop uptake depends on the level and 
ease of release of K from the K reserves of the 
soils (Udo and Ogunwale, 1978). The values of 
K reserve which were 0.35 cmol/kg and 0.34 
cmol/kg in both top and subsoil respectively also 
agrees with the findings of Aghimien and Os-
emwota (2010) who recorded K reserve values 
of 0.34 cmo/kg, 0.2 cmol/kg, 0.39 cmol/kg and 
0.27 cmol/kg for surface soils of Southern Ni-
geria formed from Shale mixed with sandstone 
and clay, Coastal plain sands, Coastal alluvium 
and Fresh water swamps respectively. Reserved 
K had no correlation or relationship with parti-
cle sizes and organic matter of these soils.

The Difficultly exchangeable K or Mobile K 
is generally regarded as the K-supplying power 
of the soil and refers to the K extracted with 1N 
HNO3 with 10 minutes boiling. The values were 
0.34 cmol/kg and 0.37 cmol/kg in both top and 
sub soils respectively. These values increased 
significantly with increasing soil depth (Table 
2).Difficultly exchangeable K had a positive 
and significant correlation with exchangeable K 
with (r = 0.983, P< 0.01) and residual K with 
(r = 0.944, P< 0.01) ( Table 3). This according 
to Ano (1991) means that difficultly exchange-
able K is in equilibrium with exchangeable K 
and residual K. The mobile K is a measure of 
the capacity factor, which in turn is an index of 
the potential K reserve of soils. It follows that it 
constitutes an important aspect of the K status 
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of soils (Unamba-Opara, 1985). Quoting earlier 
works, Haylock (1956) and Page et al., (1968), 
the potassium status of the soils of Northern Imo 
were graded into three fertility categories based 
on the values of mobile K of those soils (Un-
amba-Opara, 1985). These categories were K-
deficient soils (mobile K < 0.31 cmol/kg), soils 
with moderate K (mobile K between 0.31 cmol/
kg and 0.49 cmol/kg) and soils with adequate K 
(mobile K > 0.49 cmol/kg) and concluded that 
only the soils that were deficient or moderate in 
K were the soils that will respond to applied K 
fertilizer. Similarly, six soil series were studied 
in the Guinea and Rainforest agro-ecologies of 
Nigeria and graded into fertility classes (Udo 
and Ogunwale, 1978) using the value of mobile 
K ( 0.3 cmol/kg to 0.64 cmol/kg) earlier sug-
gested by Ekpete, (1972). They concluded that 
three (Ondo, Nkologu and Etinan) out of the six 
soil series contained inadequate levels of mobile 
K whereas the remaining three soil series (Eg-
beda, Gaba and Biu) appeared to have adequate 

capacity to supply K for the needs of crops (Udo 
and Ogunwale, 1978). They however pointed 
out that the critical level of mobile K that would 
provide adequate supply of K depends on the 
soil and crop grown. In this study, potassium 
status of this soil was classified as moderate (Ta-
ble 5) using the scale for mobile k as proposed 
by Unamba-Oparah (1985).

The values of exchangeable potassium were 
0.12 cmol/kg at the top soil and 0.10 cmol/kg 
in the subsoil and decreased significantly with 
increasing soil depth (Table 2). According to 
Ekpete (1972) response to applied K was only 
noticed in millet when the exchangeable K 
values were below 0.11 cmol/kg in Guinea Sa-
vanna and Rainforest Agro-ecological zones of 
Nigeria. This follows that these soils have ad-
equate supply of K using the exchangeable K 
as an index of availability (Table 5). A more re-
cent than Ekpete (1972) scale of classification of 
potassium status of soils using exchangeable K 
is the one proposed by Unamba-Oparah (1985). 
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The Unamba-Oparah scale showed that soils with 
exchangeable K less than 0.13 cmol/kg were re-
garded as K deficient while soils with exchange-
able K between 0.13 cmol/kg and 0.31 cmol/kg 
were regarded as being moderate in K. Soils with 
greater than 0.31 cmol/kg were however regarded 
as having adequate K. Based on Unamba-Oparah 
(1985) classification, these soils are deficient in K 
(Table 5). Preliminary investigations carried out 
to assess the status of degradation of these soils 
placed the scores on potassium under contrary 
land use types as 3 and 4 using FAO (1979) in-
dicators and criteria for chemical degradation of 
soils. 3 (highly degraded) soils and 4 (very highly 
degraded) soils were recorded in soils under grass 
fallow and melon respectively (Osayande et al., 
2014). Exchangeable K had a significant corre-
lation with residual K with (r = 0.856, P < 0.05) 
and had a very strong relationship with organic 
matter with r2 of 87.2 % (Table 4).

The residual K is regarded as the structural K 
in the K-bearing minerals (Udo and Ogunwale, 
1978). The residual K represents the difference 
between total K and the sum of exchangeable 
K and the K extracted by 1 N HCl (reserved 
K). In this study, residual K was 0.04 cmol/kg 
at the top soil and 0.14 cmol/kg at the sub soil 
and increased significantly with increased soil 
depth (Table 3). The values were much lower 
than total k in the soils. Residual K significantly 
correlated with total K with (r = 0.944, P< 0.01). 
Residual K had a very strong relationship with 

organic matter with an r2 value of 98.9 %.

CONCLUSIONS

The forms of potassium in soils of a culti-
vated Shea butter field was studied as part of 
the on-going Shea tree domestication effort of 
the Nigerian Institute for Oil Palm Research 
sub-station at Bida, Niger State. The result in-
dicated that potassium was adequate in the soils 
using the K-saturation index while the mobile 
K showed a moderate K status of the soils. The 
soils were however deficient in potassium using 
values of the exchangeable K. The mobile K im-
plies that it might be useful if K fertilization is 
made at the period of peak demand in K which 
normally corresponds with the onset of flower-
ing.
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