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ABSTRACT 

Three forms of oxides of iron and manganese were evaluated on soils developed 
in mica-schist lithology within the basement complex formation of Taraba State, 
North-eastern Nigeria. The results from the three oxide forms namely; pyrophos-
phate extractable (Mnp/Fep), oxalate extractable (Mnox/Feox) and citrate-
bicarbonate-dithionite extractable (Mnd/Fed) examined were subjected to both 
descriptive and inferential statistics to analyse their trend and distribution in order 
to understand their influence on pedogenesis. Content of the three forms of man-
ganese oxides were lower than those of the respective iron oxides (Mnp: mean – 
100.44 mgkg-1, Mnox: mean – 128.72 mgkg-1, Mnd: mean – 144.96 mgkg-1 and 
Fep: mean – 1212.30 mgkg-1, Feox: mean – 1305.20 mgkg-1, Fed: mean – 2518.00 
mgkg-1) at their corresponding horizons; and was attributed to the mineralogical 
constitution of geology of the study area. Content of organic matter (mean, 0.632 
%) and organic carbon (mean, 0.366 %) were low (but highly significant - F = 
2502, p = 216*** ) and was attributed to high mineralization rate caused by cli-
mate of study area (northern guinea savanna); thus, had proportional effect on the 
oxalate extractable Fe and Mn as they are organic bound. Also, a strong signifi-
cant difference (F = 187.6, p = 7.777***) between means of Mnox and Mnp em-
phasized reciprocity in their pedogenic interaction. High content of Fe across the 
three oxide forms examined presupposes high plinthization on soils of the mica-
schist. 
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1.0 Introduction 

The northern guinea savanna is one of the most intensively 
farmed areas in Nigeria.  Nearly 80 % of West African 
land surface is covered by savanna vegetation (Sanford et 
al., 1980). According to Jagtap (1995), FAO (1978) and 
Kassam et al. (1975), farmers’ choice of the area may have 
been as a result of the favourable solar radiation during 
growing season, reliable and well distributed rainfall, and 
lower night temperatures that promote litter accumulation.  
Lithology has major influences on the properties of over-
lying soils and provides a starting material upon which 
other soil forming factors act to give rise to soil. It also 
influences the nature and properties of soil (Esu, 2010, 
Ibanga, 2006). Consequently, soils formed over a lithology 
have specific properties, support specific crops and result 
in a lithosequence of soils (Usul and Dengiz, 2010; Mani-
yunda, 2012). It is a major determinant of soils response to 

management (Olaniyan et al., 2011). Soils in the northern 
guinea savanna are mainly developed on the Basement 
Complex. The complex is made up of migmatite gneiss, 
schist, older granite and under formed acid dykes (Obaje, 
2009) and mainly constitutes igneous and metamorphic 
rocks, and occupy 50 % of the Nigerian surface area 
(Ogezi, 1977).  
Soils in the Nigerian guinea savanna are generally slightly 
acid, less leached, coarse textured and consist of sandy 
loam or loam over gravelly clay loam (Esu and Ojanuga, 
1985) with lower clay content in the surface soil (Lawal et 
al. 2013) and are predominantly derived from crystalline 
Precambrian Basement Complex rocks. Soils of the savan-
na region are fragile (Salako, 2003) with large proportion 
of sand and low organic matter content (Adewale and 
Odoh, 2017) and are gravelly and shallow (Adeoye and 
Mohammed-Saleem, 1990., Salako et al., 2002) in some 
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parts with low nitrogen content (Salako et al., 2002). Esu 
(2010) attributed the low organic matter in the surface 
soils of the Nigerian Savanna to the rapid rate of minerali-
zation of organic matter and the high degree of sheet ero-
sion as well as the use of grasses in the region for roofing 
and grazing. Maniyunda et al. (2013) attributed the moder-
ate and high variability in soil properties in a lithose-
quence in the area to land use, management and cultural 
practices. 
Luvisols have been identified as the most common soils in 
Northern Guinea Savanna of Nigeria (Salako, 2003), while 
Ogungbile et al. (1999) classified similar soils as lithisols. 
However, Salami et al. (2011) described them as potential-
ly fertile, while available P, organic matter, acidity and 
sand-silt components varied widely within the area. Simi-
larly, textural and fertility variation were reported for the 
area by Okogun et al. (2004). Consequently, soil fertility 
decline among many factors was identified as the most 
remarkable for low yield among many factors (Salami et 
al., 2011., Olaniyan, 2015). In a related study, Babalola et 
al. (2019) reported a significant difference in texture be-
tween parent materials, indicating the relevance of lithose-
quences and their influence on soil. Albeit, the fertility 
status of soils is bound to change when lithology changes 
and most likely to affect the type of crops supported by the 
soil. 
The presence Fe-Mn concretions in the subsurface soils of 
the northern guinea savanna of Nigeria have been ob-
served by Babalola et al. (2019). Oxides, hydroxides and 
oxy-hydroxides of Fe, Mn, Al and Ti are together referred 
to as sesquioxides (Maniyunda et al., 2015). They are 
commonly present as amorphous, crystalline and organic 
complexes. Pedogenesis as well as soil physical and chem-
ical properties are influenced by the nature, amount and 
occurrence of these oxides in soils (Schertmann and Tay-
lor, 1989., Jelic et al., 2011) and have been used to make 
predictions of the degree and stage of soil genesis (Durn et 
al., 2001; Igwe et al., 2001; Osodeke et al., 2005; Kefas et 
al., 2020). For instance, phosphorus is barely available in 
highly weathered tropical soils (Igwe, 2001) while high Ca 
availability may result in low solubility of manganese 
(Troeh and Thompson, 1993). The influence of the oxides 
and hydroxides of Fe-Mn on soil physical as well as chem-
ical properties cannot be unattended in studies related to 
agricultural soils. 
Agricultural production in the Nigerian northern guinea 
savanna is focused on crop and livestock production. Crop 
production in the area is dominated by cereals (millet, sor-
ghum, maize and wheat) and legume (cowpea, groundnut 

and soybean) production (Ajeigbe et al., 2010; Foli, 2012). 
Though livestock is important in the farming system of the 
area (Smith et al., 1997), it is often integrated with crops 
(Foli, 2012) as both have reciprocal benefits. Importantly, 
farmers in the region combine organic and inorganic in-
puts as well as intercrop cereal-legume mixtures to con-
sciously manage and improve soil fertility status (Harris, 
1998., Hoffmann and Gerling, 2001). The need for a ro-
bust soil data base has necessitated the present study. Ear-
lier, Raji et al. (2000), Igwe (2001), and Ibia (2002) em-
phasized the forms of oxides in northwest Nigeria, flood 
plains of Niger, and southeast Nigeria, respectively. The 
present study goes beyond pedogenesis to assessing the 
influence of the forms of Fe and Mn on soil physical and 
chemical properties in the northern guinea savanna of Ni-
geria.   
 

2.0 Materials and methods 

2.1 Location, geology and climate of the study area 
The study was conducted in Taraba State (6°30′ and 9°30′ 
N; 9°00′ and 12°00′ E), north eastern Nigeria. The State 
has a total land area of 60,291.8 km2. Bauchi and Gombe 
states are located in the north, while Adamawa is in the 
east of Taraba state. To the south is the Republic of Came-
roun, while Benue, Nasarawa and Plateau states are in the 
western axis. The geology of the study area is undifferenti-
ated Basement Complex rocks with the occurrence of 
rocks identified as Precambrian granitic, migmatite 
gneisses and mica-schist with outcrops of the rocks occur-
ing at intervals (Bawden, 1972).  
The study area is characterized by tropical climate with 
distinct wet and dry seasons. The wet and dry seasons last 
for 5 and 7 months (Fig. 2), respectively with a mean an-
nual rainfall which ranges from 800 mm in the northern 
part of the state to over 2000 mm in the southern part. Pre-
cipitation is lowest in January with an average of 0 mm, 
while in August, the most precipitation falls with an aver-
age of 217 mm. Mean annual temperature is 34 oC and 
varies in mean monthly values between 28.4 oC in the 
coolest month of December and 37 oC in the hottest month 
of March (NIMET, 2009).  
Taraba State is characterized by three dominant vegeta-
tional zones. The guinea savanna (study area) is found in 
the northern part of the State. Sub-sudan vegetation is 
characterized by short grasses with a few short trees. The 
Mambila plateau area is uniquely marked by a semi-
temperate climate with luxuriant pasture and short trees. 
2.2 Field and laboratory studies 
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Fig. 1: Climatic data of the study area (1998-2017) 
Source: Taraba State Water Board  
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The sites for the study were identified through reconnais-
sance visits using the geological map of Taraba State ob-
tained from the Nigerian Geological Survey Agency. Soils 
on mica-schist were identified and selected because of 
their vastness and agricultural value. The contour map of 
the selected areas was produced to aid slope classification. 
Three soil profile pits were sited at crestal position of the 
lithology in order to obtain a true to type soil representa-
tive. It was dug, described and sampled for laboratory 
studies. 
Particle size distribution was determined by the Bouy-

oucos hydrometer method with sodium hexametaphos-

phate acting as dispersing agent (Soil Survey Staff, 2014). 

Soil pH was determined using a ratio of 1:2.5 soil: liquid 

in 0.1 N KCl2 solution with the aid of glass electrode pH 

meter(Udo et al., 2009). Organic carbon was determined 

by the Walkley and Black wet oxidation method and total 

N by macro Kjeldahl digestion method as modified by 

Udo et al. (2009). Bray 1 method was used to determine 

available phosphorus while exchangeable bases (Ca, Mg, 

K, and Na) were determined by neutral NH4OAc displace-

ment method and read through by atomic absorption spec-

trophotometer as described by Udo et al. (2009). Cation 

exchange capacity was determined by 1 N NH4OAc at pH 

7 while base saturation was calculated by expressing the 

sum of exchangeable bases as a percentage of the CEC at 

pH 7. Dithionite and oxalate forms of iron and manganese 

were determined by the method of Mehra and Jackson 

(1960) as modified by Udo et al. (2009). Saturated hydrau-

lic conductivity (Ksat) was determined by the constant 

head method using Eijkelkamp laboratory permeameteras 

described by Youngs (2001). Bulk density was determined 

by core method as described by Blake and Hartge, (1986) 

while total porosity (TP) was computed from bulk density 

(Bd) using the equation below (assumed particle density ps 

= 2.65 kg/m3): . 

Where TP = total porosity, Bd = bulk density, Ps = particle 

density. 

2.3 Data analysis 
Data generated from the laboratory analyses were subject-
ed to statistical analysis using R statistical package. 
 

3.0 Results and Discusion 

The physical and chemical properties of the soils are pre-
sented in Tables 1-3.  
The study area was characterized by deep (>100 cm) to 
very deep (>150 cm) soils (Table 1) indicating a soil of 
high volume that may provide ample root zone and sup-
port greater capacities to store plant nutrients and water. 
The low content of clay (Table 1) and OM (Table 3) how-
ever, will not facilitate the depth advantage for optimum 
agricultural use. The depth property also indicates a soil 
that had strong profile development and highly weathered 
as buttressed by the high content of free Fe - 2518 mgkg-1 
and free Mn - 144.96 mgkg-1 (Table 6). The soil distribu-
tion cuts across crestal to lower slope positions. The soils 
had loamy sand surface soils underlain by sandy loam and 
loamy sand implying a light textured soil. The light-
textured soil was associated to the granitic origin of the 

lithology. The dominance of sand fraction in a basement 
complex soils have been reported by other researchers; 
Ande, 2010; Maniyunda et al., 2014; Olatunji et al., 2015; 
Shobayo et al. 2019. 
The pyrophosphate extractable iron (Fep) and manganese 
(Mnp) was the lowest fraction of the forms of iron (Fep: 
mean – 1191.90 mgkg-1, Feox: mean – 1267.30 mgkg-1, 
Fed: mean – 2459.00 mgkg-1) and manganese (Mnp: mean 
– 56.17 mgkg-1, Mnox: mean – 94.87 mgkg-1, Mnd: mean – 
150.30 mgkg-1) oxides examined (Table 7) in the surface 
soil on soils on mica-schist. Similarly, subsurface soils 
mean values of pyrophosphate extractable iron (Fep) (Fep: 
mean – 1221.10 mgkg-1, Feox: mean – 1321.50 mgkg-1, 
Fed: mean – 2543.00 mgkg-1) and pyrophosphate extracta-
ble manganese (Mnp) (Mnp: mean – 119.40 mgkg-1, Mnox: 
mean – 143.23 mgkg-1, Mnd: mean – 142.67 mgkg-1) ob-
tained were lowest. Lowest nevertheless, they contributed 
more to the CEC of the soils as against the amorphous and 
free oxide forms. 
The three forms of iron and manganese oxides contributed 
positively (though not statistically significant) to the im-
provement of the soils’ bulk density (BD) which was rated 
moderate except for the Fep that recorded a negative corre-
lation (r = -0.3346, P< 0.5) with BD implying that the or-
ganic bound iron oxide was so negligible and did not con-
stitute a binding agent. This was further buttressed by its 
negative correlation (r = -0.0620ns, P< 0.5) with OM. Con-
trarily, Mnp, Mnox, Mnd, Feox and Fed   did not contribute 
to the soil’s total porosity (TP) except Fep. Total porosity 
of the soil was rated low and was attributed to the high 
level of free oxides in the soils which had crystallized. 
Generally, similar observation was noted for the soils’ 
hydraulic conductivity (HC) and water holding capacity 
(WHC) (rated low). These observations were credited to 
the granitic origin of the lithology of the study area. Domi-
nance of sand fraction (> 70 gkg-1) in fine earth fraction 
which was associated to the basement complex coupled 
with the very high free oxides may render the soils agricul-
turally unproductive except proper soil management which 
include improving the physical conditions of the soils, 
addition of organic manure and incorporation of crop resi-
dues as well as serve as a source of N and K, which will 
raise the fertility of the soils. Soil and water conservation 
measures must be put in place such as to conserve water 
on the sandy soils along with other farm management 
practices that improves soil-water conservation. 
The Fep and Mnp distributed irregularly with pedal depth 
(Table 4) in the three profile pits sited on soils on mica-
schist. Mean values of surface soils (1191.9 mgkg-1 and 
56.17 mgkg-1 – Table 7) were higher than the mean values 
observed for subsurface soils (1221.1 mgkg-1 and 119.4 
mgkg-1 respectively for Fep and Mnp) (Table 8);a trend that 
was similar to the mean distribution of organic carbon 
(OC) and organic matter (OM) which contents were higher 
in the surface soils (Table 7). Similarly, Fep and Mnp were 
positively correlated (r = 0.031 – Table 5) implying that 
they were mutually translocated with depth. This observa-
tion buttresses the assertion that they are organic bound. 
However, means (Table 6) of OM, Mnp (F = 0.088, p = 
0.865) and Fep (F = 0.031, p = 0.774) did not vary statisti-
cally when compared.  
Furthermore, a non-coherence pattern was observed be-
tween the Fep and OM/OC and Mnp and OM/OC as they 
were negatively correlated (r = - 0.062, r = -0.065 and r = - 
0.104, r = -0.103 respectively) implying a reduced pedo-
genic internal transformational process within the surface 
horizons. Since the content of OM was low due to sparse 
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Geology 
Profile 
name 

Hori-
zon Depth Clay Silt 

Fine 
sand 

Coarse 
sand 

Textural 
class 

Bulk 
densi-
ty 

Total 
porosi-
ty 

Hy-
draulic 
C WHC 

Soils on Mica-
Schist 

Profile pit 1   Lat. 08046  41.2̎ N Long. 0110 16  0.9  S 
BDCP1 Ap 

0 – 20 10 9 39 42 
Loamy 
sand 1.82 31.32 6.83 23.1 

BDCP1 Btv 
20 – 81 18 7 37 38 

Sandy 
loam 1.53 42.26 8.08 30.57 

BDCP1 Bt 
81 – 128 14 7 37 42 

Sandy 
loam 1.85 29.81 5.05 23.5 

BDCP1 CCv 
128 – 175 12 7 30 51 

Sandy 
loam 1.74 34.34 10.1 22.21 

Profile pit 2   Lat. 08046   14.2 ̎NLong. 0110 16  0.9  S 
BDCP2 Ap 0 – 35 8 13 41 38   1.54 41.13 10.61 26.14 
BDCP2 Btv 35 – 106 8 5 40 47   1.85 30.19 14.14 19.93 
BDCP2 CBtv 106 – 173 8 19 44 29   1.84 30.57 8.92 15.1 
Profile pit 3   Lat. 08046   42.1 ̎NLong. 0110 16  02.5 ̎S 
BDUSP
1 

Ap 
0 – 12 12 7 37 44 

  
1.47 44.53 3.54 24.43 

BDUSP
1 

CB 
12 – 62 8 7 30 55 

  
1.59 40 5.05 23.47 

BDUSP
1 

C 
62 – 126 8 5 35 52 

  
1.79 32.45 4.20 19.42 

Table 1: Soil physical properties of the study area 

Table 2: Soil chemical properties of the study area 

Geology Profile 
name 

Horizon 
Depth 

pH_H2
O pH_KCl EA Na+ K+ Ca2+ Mg2+ TEB 

Soils on Mica-Schist Profile pit 1 Lat. 08046   41.2 ̎NLong. 0110 16  0.9  S 
  BDCP1 Ap 0 – 20 6.2 5.6 1.4 0.02 0.05 1.8 0.6 2.47 

BDCP1 Btv 20 – 81 5.8 4.7 2 0.02 0.05 2.2 1.0 3.27 
BDCP1 Bt 81 – 128 6.6 5.3 1.4 0.02 0.05 2 0.8 2.87 
BDCP1 CCv 128 – 175 6.7 5.4 1.2 0.01 0.005 1.8 0.8 2.615 
Profile pit 2 Lat. 08046   14.2 ̎NLong. 0110 16  0.9  S 
BDCP2 Ap 0 – 35 6.1 5.1 2.2 0.04 0.09 1.6 1.2 2.93 
BDCP2 Btv 35 – 106 6.9 5.7 1.2 0.006 0.01 1.6 1.8 3.416 
BDCP2 CBtv 106 – 173 7.1 6.1 1.2 0.006 0.01 0.8 1.8 2.616 
Profile pit 3 Lat. 08046   42.1 ̎NLong. 0110 16  02.5 ̎S 
BDUSP1 Ap 0 – 12 6.9 6.2 1 0.05 0.09 4.6 0.8 5.54 
BDUSP1 CB 12 – 62 6.5 5.3 1.4 0.008 0.01 2 1.4 3.418 
BDUSP1 C 62 – 126 6.9 6.2 1.2 0.001 0.005 1.2 1.2 2.406 

vegetation that characterized the study area (guinea savan-
na), it can be surmised that pH (Table 2) cast an immobili-
zation effect on Mnp co-translocation with OM/OC as the 
organic bound sesquioxides were positively correlated with 
pH in water (r = 0.130, p = 0.717) and KCl (r = 0.031, p = 
0.931) and also contributed to the soil’s acidity. The soils 
varied in their chemical reaction from moderately acidic 
(5.8) to neutral (7.1) whichpossibly could account for the 
high content of Mg is the soils. Organic bound manganese 
(Mnp) correlated positively (Table 5) with the amorphous 
(Mnox) and free (Mnd) manganese oxides forms indicating 
an increase in any form will have a concomitant pedogenic 
effect on the other. 

Mean values of Mnox (94.87 mgkg
-1) and Feox (1267.30 

mgkg-1) at the surface soils shows that the sequence of their 
distribution is greater than Mnp and Fep respectively (i.e., 
Mnp< Mnox and Fep< Feox). Generally, the contents of Fe 
were greater than those of Mn (Table 4) and was attributed 
to the parent material mineralogical composition which is 
richer in Fe; especially those contributed by mica. There-
fore, it can be opined that Fe is the major contributor of the 
amorphous form. The Feox correlated negatively (r = -0.444, 
P< 0.5) with Fep implying that there was a shift towards 
inorganic pedogenic phase, however, a positive correlation 
obtained between Mnox and Mnp is an indication of recipro-
cal transformational process between the oxide forms at the 
surface horizons. Also, a strong significant difference (F = 
187.6, p = 7.777***) between their means (Table 6) (i.e., 
Mnox and Mnp) buttressed their reciprocal interaction. The 
high content of Fe in the amorphous form might not have 

translated to any beneficial pedogenic effect on cation ex-
change capacity and water holding capacity of the soils as it 
could not be unconnected to its inverse correlation with clay, 
water holding capacity and CEC (Table 5). But it perhaps 
had facilitated the adsorption/retention of N and P. 

Contents of Mnd and Fed were higher than those of Mnox and 
Feox respectively in their corresponding horizons. Mean sur-
face soil content of Fed (2459.00 mgkg

-1) was lower than the 
computed mean for Fed (2543.00 mgkg

-1) at the subsurface 
soils. The differential may be attributed to tillage that contin-
ually disturb the surface soils and subsequently retard the 
build up at the surface. This form of Fe is surmised not to be 
part of the silicate structure but present in soils as discrete 
bodies. Its distribution pattern shows increase with pedal 
depth suggesting an illuvial accumulation and at the subsoils, 
crystallinity might be improved. This phenomenon may not 
be best for agricultural land-use, because plinthization may 
be initiated. Again, the high value recorded may account for 
the soils being highly developed and approaching senility. 
High iron oxide values may indicate the presence of iron 
oxide either crystalline such as hematite or amorphous in an 
appreciable percentage (Sombroek and Zonneveld, 1971).  

Thomas et al. (2019) submitted that free oxides in soils usu-
ally have distinct electrochemical properties that generate 
CEC as a consequence of the adsorption of proton and hy-
droxyl ions providing structural cementation in the soil. Only 
the free iron oxide was observed to contribute to the soils’ 
CEC (r = 0.1537, P< 0.5) and was not significant (F = 0.194, 
p = 0.672); however, this study shows that the free manga-
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Geology 
Profile 
name Horizon Depth CEC ECEC BS OC OM N P 

Soils on Mica-Schist Profile pit 1 Lat. 08046   41.2 ̎N                                       Long. 0110 16  0.9  S 
BDCP1 Ap 0 – 20 10 3.87 24.7 0.375 0.647 0.098 0.93 
BDCP1 Btv 20 – 81 16.8 5.27 19.46 0.375 0.647 0.056 0.92 
BDCP1 Bt 81 – 128 14 4.27 18.28 0.375 0.647 0.028 0.93 
BDCP1 CCv 128 – 175 15.2 3.815 17.14 0.075 0.129 0.056 0.98 
Profile pit 2 Lat. 08046   14.2 ̎N                                       Long. 0110 16  0.9  S 
BDCP2 Ap 0 – 35 9.2 5.13 31.85 0.781 1.346 0.308 6.53 
BDCP2 Btv 35 – 106 10 4.616 34.16 0.164 0.283 0.14 1.87 
BDCP2 CBtv 106 – 173 7.2 3.816 36.33 0.164 0.283 0.224 1.87 
Profile pit 3 Lat. 08046   42.1 ̎N                                       Long. 0110 16  02.5̎ S 
BDUSP1 Ap 0 – 12 16.4 6.54 33.78 1.013 1.746 0.084 0.93 
BDUSP1 CB 12 – 62 19.6 4.818 17.44 0.263 0.463 0.084 0.94 
BDUSP1 C 62 – 126 9.6 3.606 25.06 0.075 0.129 0.07 0.93 

Table 3 cont.: Soil chemical properties of the study area 

Geology 
Profile 
name Horizon Depth Mn_d Fe_d Mn_ox Fe_ox Mn_p Fe_p 

Mno/
Mnd Feo/Fed 

Soils on Mica-Schist Profile pit 1 Lat. 08046   41.2 ̎N                                      Long. 0110 16  0.9  S 
BDCP1 Ap 0 – 20 237.1 2063.55 131.1 773.6 106 1290 0.55 0.37 
BDCP1 Btv 20 – 81 110.6 2793.65 66 1206.2 44.6 1587.5 0.6 0.43 
BDCP1 Bt 81 – 128 95.15 2666.25 515 1384.7 419.8 1281.6 5.4 0.52 
BDCP1 CCv 128 – 175 131.4 3047.7 70 1543.2 61.4 1504.5 0.53 0.51 

Profile pit 2 Lat. 08046   14.2 ̎N                                       Long. 0110 16  0.9  S 
BDCP2 Ap 0 – 35 82.4 2266.45 83.5 1485.2 1.1 781.3 1.01 0.66 
BDCP2 Btv 35 – 106 131.1 3089.05 62.7 2312.7 68.4 776.4 0.48 0.75 
BDCP2 CBtv 106 – 173 52.05 2977.2 29 1981.4 23.1 995.8 0.56 0.67 

Profile pit 3 Lat. 08046   42.1 ̎N                                       Long. 0110 16  02.5̎ S 
BDUSP1 Ap 0 – 12 151.65 2473.05 76 1201 75.7 1272.1 0.5 0.49 
BDUSP1 CB 12 – 62 56.1 2377.1 22.1 683.2 34 1693.9 0.39 0.29 
BDUSP1 C 62 – 126 402.05 1421.55 231.8 481.3 170.3 940.3 0.58 0.34 

Table 4: Sesquioxide properties of the study area 

nese oxide (Mnd) did not contribute to the soils’ CEC as 
increase in the Mnd led to decreased CEC (r = -0.2844, p = 
0.4258) but CEC was partly contributed by clay (r = 0.5197, 
P< 0.5) and OM (r = 0.1863, P< 0.5). The free oxides i.e. 
Mnd and Fed also did not improve the soils’ water holding 
capacity implying that they were not clay-sized except Fed 
that was somewhat clay-sized. It can also be surmised that 
the high content of the free oxides was crystallized and 
therefore inactive.  
Contrastively, mean surface soil contents (150.30 mgkg-1) of 
Mnd was lower than the subsurface soils’ average (142.67 
mgkg-1). This is an indication that Mn-oxide forms minimal 
fraction of the free forms in the soils formed on the mica-
schist therefore, poses less crystallization threat that lowers 
pedogenesis. The correlation studies show that the fine earth 
fractions (clay, silt and fine sand) did not influence the for-
mation and distribution of Mnd. Even at lower presence, the 
Mnd had resultant inhibitory effect on exchangeable bases 
i.e. Ca, Mg, K, Na and other macronutrients such as N and P 
(Table 5). It can be surmised that the content of Mnd had 
contributed to the acidity (Table 2) of the soil which could 
temporarily heighten immobilization at the period field 
study was carried out (Figure 2).Ratios of oxalate extracta-
ble and dithionite extractable were measured to further de-
termine the pedogenic development i.e. recrystallization in 
soils of the study area. The distribution with depth was ir-
regular for both Mno/Mnd and Feo/Fed (Table 4). The surface 
soils recorded mean ratios of 0.70 and 0.51 respectively for 
Mno/Mnd and Feo/Fed (Table 7) and the corresponding sub-
surface mean ratios were 1.22 and 0.50 (Table 8). Increased 
mean ratio of Mno/Mnd observed in the subsurface soils is 
suggestive of preponderant recrystallization at the surface 
soils. However, the similar Feo/Fed mean ratios observed for 
both surface and subsurface soils imply similarity in recrys-

tallization process taken place. Maniyunda et al. (2014) sub-
mitted that values ranging between 0.1 and 0.5 are of mod-
erate pedogenetic development. The mean ratios observed 
were between 0.5 and 1.06, therefore the soils have weath-
ered appreciably. Sombroek and Zonneveld (1971) associat-
ed sesquioxides ratios to possible clay-sized minerals pre-
sent in soils. They submitted that ratios between 2.0 and 3.0 
suggest the presence of both montmorillonite/illite and kao-
linite; 1.6 - 2.0 suggest the predominance of kaolinite. Val-
ues below 1.6 indicate the presence of considerable percent-
ages of gibbsite or aluminium oxides. However, their analy-
sis was subjected to the clay fraction solely. 
 
4.0 Conclusion 

It was concluded from the study that free iron oxide was the 
dominant form of oxide. The forms of oxide increased in the 
order Mnp> Mnox> Mnd> Fep> Feox> Fed with percentage 
distribution of 1.86, 2.38, 2.68, 22.41, 24.13 and 46.56 re-
spectively. Generally, the three forms of iron and manga-
nese oxides did not significantly influence the soils’ physi-
cal and chemical properties as the results revealed non sta-
tistically significant interactions between the oxide forms 
and other soil parameters. The dominant oxide forms (i.e 
free form) were relatively inactive therefore, did not influ-
ence total porosity, hydraulic conductivity and water hold-
ing capacity except bulk density. Organic form influenced 
more to the cation exchange capacity more than the active 
form (amorphous form). Ratios of oxalate extractable and 
dithionite extractable indicated that the soils are highly 
weathered. Because they are highly weathered, the soils 
might lose much of its nutrients due to excessive leaching 
(low HD and WHC). Thus, corroborating the soils’ general 
low (exchangeable bases, OC, OM, N and P) fertility status 
as presented in the study analytical data. 
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