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ABSTRACT 

 

The citrate-bicarbonate-dithionite extractable iron and manganese oxides (Fed 

and Mnd), oxalate extractable iron and manganese oxides (Feox and Mnox), so-

dium pyrophosphate extractable iron and manganese oxides (Fep and Mnp), ac-

tive iron and manganese oxide ratios (Feox/d and Mn ox/d) and  Clay/dithionite 

iron ratio (clay/ Fed) were evaluated in soils derived from schist and older granite 

in two agroecological zones to evaluate the influence of parent materials on soil 

development and identify major pedogenic processes in the study area. Signifi-

cant differences were observed in means of most of the properties studied be-

tween the parent materials except for means of Fed and Mn ox/d that were not 

significant. There were higher values of Fed, Feox, Fep, Mnd, Mnox and Mnp 

(2.276, 0.511, 0.350, 0.085, 0.017 and 0.016% respectively) in soils formed on 

schist. There was a correlation between the forms of iron and manganese with 

gravel, clay, pH and exchangeable cations. the major pedogenic processes in the 

soils are; co-translocation of Fe with clay by elluviation and illuviation, plinthiza-

tion and co-migration of clay with Mnd. This study revealed that parent materials 

influence pedogenesis in the soils studied and the extent of pedogenesis varied on 

the lithosequence.  
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1.0. Introduction 

Oxides, hydroxides, and oxy-hydroxides of iron (Fe), 

manganese (Mn), aluminium (Al) and titanium (Ti) are 

referred to as sesquioxides. Manganese (Mn) and iron (Fe) 

are important plant nutrients and are involved in redox 

phenomena and heavy metal dynamics in soils. In soil 

environments, Mn and Fe exist predominantly as oxides 

(including oxyhydroxides and hydrated oxides). Mn oxide 

minerals such as birnessite, vernadite, and lithiophorite 

scavenge heavy metals in soils by adsorbing them on the 

mineral surface or incorporating them into the crystal lat-

tice by isomorphic substitution (Miyata et al., 2007). Iron 

(Fe) and Aluminum (Al) found in soils are released during 

soil weathering and soil development. They are re-

precipitated as amorphous or crystalline oxides, hydrox-

ides or oxyhydroxides (Guertal, 1994; Obi et al., 2009).  

Pedogenetic processes and physicochemical properties 

have been reported to be influenced by the nature, content, 

and distribution of sesquioxides and this knowledge has 

been used in the evaluation of the type, rate and extent of 
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pedogenesis (Durn et al., 2001; Igwe, 2001; Kurihara et 

al., 2002; Osodeke et al., 2005; Jelic et al., 2011; Mani-

yunda et al., 2015) and soil classification (Ibia, 2002; 

Essoka and Esu, 2003). The rates of Fe crystallization of 

Fe released during the weathering of soils have been as-

sessed as Fe crystallinity index (CI) and used to grade pe-

dogenetic development and soil classification (Durn et al., 

2001; Kurihara et al., 2002).   

Soil physicochemical properties such as phosphate reten-

tion, surface charge, ion adsorption, specific surface area, 

aggregate formation, and stabilization have been reported 

to be influenced by nature, amount and distribution 

(Duiker et al., 2003; Obi et al., 2009).  

There have been several pedogenic examining morpholog-

ic, physical, chemical and mineralogical properties of soils 

developed on different parent materials in Nigeria 

(Adegbite et al., 1994; Ogunwale et al., 2000; Olowolafe, 

2002; Ajiboye et al., 2008; Elias and Gbadegesin, 2012; 

Orimoloye and Akinbola, 2013). There have also been 

many studies on the distribution of sesquioxides and their 

uses in interpreting pedogenic processes and soil proper-

ties in Nigeria (Obi, et al., 2009; Osayande, et al., 2013; 

Maniyunda, et al., 2015). There are reports on the classifi-

cation of some soils in the study area however; there are 

no studies on the pedogenesis of the soils. The knowledge 

of pedogenesis of soil is important in the identification of 

the nature, properties, response of soils to use and manage-

ment. This study was carried out to:  

Evaluate the forms of iron and manganese in the soils 

of the study areas 

To identify major pedogenic processes in the study 

area using the nature, form, and distribution of 

iron and manganese.  

 To evaluate the relationship between forms of iron 

and manganese and some soil physicochemical 

properties. 

 

2.0. Materials and Methods 

Description of the study areas: Ado-Ekiti: The soils of 

the study site at Ado-Ekiti are formed from older granite. 

It lies between latitude 7.710802N and 7.713800N and 

longitude 5.243230E and 5.246470E. The area belongs to 

the upland Tropical Rain Forest zone.  

Kabba: The soils of the study site at Kabba are formed 

from schist. It lies between latitude 7.860376N and 

7.862225N and longitude 6.069576E and 6.074468E within 

the southern guinea savanna zone of Nigeria. 

The study areas have distinct wet and dry seasons with a 
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     Figure 1: Map of Nigeria Showing the Location of the Two Sites 

typical humid tropics climate.   

Soil Survey and Sampling: The conventional method of 

soil survey involving a rigid grid procedure was used to 

map each of the study sites. Observations were made 

along traverses of 50 m apart with a soil auger. The Global 

Positioning System (GPS) was used for locating points. 

Augering was made to a depth of 125 cm or to an impene-

trable layer whichever is deeper. At each observation 

point, the local relief, soil erosion or deposition hazard, 

rock outcrops, surface characteristics, vegetation, and land 

use were recorded. Soil morphological properties were 

described in the field following the procedure described in 

the USDA Soil Survey manual (Soil Survey Staff, 2014). 

The following features were observed and described; soil 

depth, colour, mottling, structure, texture, consistency, 

horizon boundary, roots, concretions, and pores. 



44 

Areas with the same soil type were mapped together and 

plotted on a base map. An area of 12.4395 and 12.1841 

hectares of land were mapped in Ado Ekiti and Kabba 

respectively. Soil boundary lines were drawn to delineate 

soil mapping units.  

Laboratory analysis: Laboratory analyses of < 2 mm sam-

ples were carried out using standard laboratory methods. 

Particle size analysis was determined using hydrometer 

method (Bouyoucos, 1951), bulk density as described by 

Blake and Hartge (1986a), particle density as described by 

Blake and Hartge (1986b), total porosity was calculated 

mathematically (Danielson and Sutherland, 1986) from the 

particle density (pd) and bulk density (bd) of the soils us-

ing the formula: Porosity (%) = (1-(pd/db) x 100, available 

water capacity by calculating the difference in moisture 

content at field capacity (33kpa) and permanent wilting 

point (1500KPa) pressure (USDA, NRCS, 2004) using 

pressure plate method as described by Klute from the for-

mula:  Available Water Capacity (%) = Field capacity (%) 

– Permanent wilting point (%), Soil pH was determined in 

a 1:1 soil/ water. Exchangeable bases (Ca, Mg, K, Na) 

were determined using NH4OAc saturation method and 

exchange acidity was obtained as described by Thomas 

(1982). Effective cation exchange capacity (ECEC) was 

calculated by the addition of exchangeable bases and acid-

ity, ECEC of clay fraction was calculated. Organic carbon 

was determined by the Walkley-Black dichromate wet 

oxidation method (Nelson and Sommer, 1982), total nitro-

gen (TN) by micro-Kjeldahl technique as described by 

Bremner and Mulvaney (1982) and available phosphorus 

(AP) as described in IITA (1979) laboratory manual. Base 

saturation (BS) percentage and Exchangeable sodium per-

centage (ESP) were calculated. Electrical conductivity was 

determined at a 1:2.5 soil/water ratio using a Wheatstone 

bridge at 25°C, Calcium carbonate (CaCO3) using the ti-

tration method of Rowell (1994). 

Total iron oxide: soils were extracted with a combination 

of reducing and complexing solutions (Sodium Hydrosul-

phite and Sodium Citrate) by shaking overnight (16hrs) at 

ambient temperature (Mehra and Jackson, 1960). The Fe 

in the filtrate was determined using Atomic Absorption 

Spectrophotometer (AAS). 

0.1 M HCI Extractable cationic Micronutrients (Cu, Fe, 

Mn, and Zn): available cationic micronutrients were ex-

tracted with 0.1M HCI solution by Shaking soil paste for 4 

hours and then centrifuged at 10,000pm. The Cu, Fe, Mn 

and Zn content in the extract was determined on the AAS 

at 325, 373.9, 280 and 214m wavelengths respectively. 

Total Cationic Micronutrients (Cu, Fe, Mn, and Zn) by the 

Aqua-Regia Acids: the soil samples were digested using 

aqua-regia acid (a mixture of 3 parts of HCI to1 part of 

HNO3) but not allowed to dry completely. The digests 

were transferred using deionized water and filled to mark 

(USDA NRCS, 2004). The cations (Cu, Fe, Mn, and Zn) 

were determined in the solution on the AAS AT 325, 

373.9, 280 and 214 nm wavelengths respectively. 

Citrate – Bicarbonate – Dithionite (CBD) Extractable Iron 

and Manganese (Fed & Mnd): free iron and manganese 

were extracted following the method of Mehra and Jack-

son (1960) as described by IITA (1979). The content of Fe 

and Mn in the extracts was determined after ten times dilu-

tion on a Pye Unicam model SP 192 atomic absorption 

spectrophotometer (AAS) at 280nm and 373.9nm wave-

lengths respectively. 

Acid Oxalate Extractable Iron Manganese (Feox and 

Mnox): amorphous inorganic form Fe and Mn oxides were 

extracted using ammonium oxalate (PH3) in the dark 

(Mckeague and Day, 1966) using the modified Tamn’s 

method as described by IITA (1979). Iron and Mn in the 

extract were determined on the AAS at 325, 373.9, 280 

and 214m wavelengths respectively 

Pyrophosphate Extractable Iron and Manganese (Fep and 

Mnp): amorphous organic form of Fe and Mn oxides were 

extracted using pyrophosphate solution as described by 

Mckeague (1967). Iron and Mn in the extract were deter-

Figure 1: Soil map of Ado-Ekiti study site 
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mined on the AAS at 325, 373.9, 280 and 214m wave-

lengths respectively.  Statistical analysis: T-test was used 

to compare differences between the soils on schist and 

older granite and between surface and subsurface hori-

zons. Linear correlation analysis was used to determine the 

relationship between the soil properties. All the statistical 

analyses were carried out at 95% confidence level. The 

analysis was carried out using statistical package for social 

science (SPSS IBM Statistics 19.0). 

3.0. Results 

Means of the physical and chemical properties, micro and 

macronutrients of soils at both locations are presented in 

Tables 1-3. The forms of iron and manganese are present-

ed in Tables 4-7. The relationship of the soil properties is 

presented in 8 to 11. 

The Citrate-bicarbonate-dithionite extractable Iron oxide 

(Fed- total free iron oxides) values (Tables 4-5) ranged 

from 1.336 to 2.826% and 0.750 to 1.531% in the surface 

horizons of schists and older granite soils respectively. 

Subsurface horizons values ranged from 1.151 to 2.997% 

and 0.924 to 2.706% in soils on schist and older granite 

respectively. There was no significant difference between 

parent materials (Table 6). There was a significant differ-

ence (P≤0.05) in the horizons (Table 7). A significant cor-

relation of total free iron oxides was observed (Table 9 

and 11) with sand (0.600*), Clay (-0.525*), PWP 

(0.526*), AWC (0.633**) and OC and Fed (-0.256). 

 Oxalate extractable iron oxide (Feox) (amorphous form) 

values (Tables 4-5) ranged from 0.423 to 0.711% and 

0.171 to 0.349% in the surface horizon of schist and older 

granite soils respectively. At the corresponding subsurface 

horizons values ranged from 0.358 to 0.568% and 0.284 to 

0.453%. Parent materials significantly (P≤0.05) influenced 

Feox in soils studied (Table 6). There was no significant 

difference in the horizons (Table 7) and distribution pat-

terns were irregular in the soils on older granite but de-

creases down the soil depth in soils on schist. Clay 

(0.628**), Exchangeable Ca (0.682**), Mg (0.844**), K 

(0.780**) and Na (0.732**), TEB (0.771**), ECEC 

(0.756**), BS (0.800**), total nitrogen (0.623**), availa-

ble copper (-0.826**) and available zinc (-0.678**) were 

significantly correlated with Feox (Table 8-11). 

Sodium pyrophosphate extractable (Fep) (organo-

complexed form) values (Table 4-5) at the surface horizon 

ranged from 0.238 to 0.500% and 0.222 to 0.369% in soils 

derived schist and older granite respectively. At the corre-

sponding subsurface horizon Fep values ranged from 

0.142 to 0.590% and 0.84 to 0.369%. Parent materials 

significantly (P≤0.05) influenced variation in Fep of soils 

(Table 6). Fep was highly significantly correlated (Table 

33) with Md (0.694**), Mnox (0.784**) and Mnp 

(0.862**) (Table 8). It also correlates significantly with 

pH (0.794**), Exchangeable Ca (0.576*), Mg (0.650**), 

K (0.821**) and Na (0.685**), TEB (0.571*), ECEC 

(0.585*) BS (0.576*) CaCO3 (0.621**), TP (0.515*), 

PWP (0.500*), TN (0.820*), FeHCl (0.503*), available P 

(0.515*), FeTotal (0.806**) and ZnTotal (0.509*) (Table 9

-11). 

The active iron oxide ratio (Feox/d) values (Tables 4-5) in 

the surface horizons ranged from 0.197 to 0.514 and 0.307 

to 3.291 in soils on schist and older granite respectively. 

The corresponding subsurface horizon values ranged from 

0.135 to 0.409 and 0.359 to 4.903. Parent materials and 

Figure 2: Soil map of Kabba study site 
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horizons significantly (P≤0.05) influence the variation of 

Feox/d in the soils (Tables 6-7). Feox/d correlated signifi-

cantly with Fed (-0.532), silt (-0.653**) and clay (-

0.621**), Organic carbon (-0.556*) (Tables 8-11).  

Clay/dithionite iron ratio (clay/ Fed) values (Tables 4-5) 

ranged from 8.660 to 23.353 and 16.223 to 33.375 in soils 

on schist and older granite. At the corresponding subsur-

face horizon values ranged from 9.143 to 23.632 and 

3.696 to 33.375. Parent materials significantly (P≤0.05) 

influence variation of clay/ Fed (Table 6). There was sig-

nificant correlation of Clay/ Fed with Fed (-0.856**), Fep 

(-0.541*), Mnp (-0.553), Feox/d (0.632*), clay (0.686**), 

silt/clay ratio (0.579*), CaCO3 (-0.533*), TN (-0.670**), 

CuHCl (0.568*), CuTotal (-0.553), (Tables 8-11). 

The citrate-bicarbonate-dithionate extractable manganese 

oxide (Mnd) (total free manganese oxide) values (Tables 4

-5) ranged from 0.044 to 0.090% and 0.051 to 0.064% at 

the surface horizons of soils on schist and older granite 

respectively. At the corresponding subsurface horizon, the 

values ranged from 0.440 to 0.114% and 0.051 to 0.078%. 

There was significant difference (P≤0.05) between the 

parent materials (Table 6). There was significant relation-

ship with sand (-0.579*), clay (0.572*), BD (-0.541*), 

Silt/Clay ratio (-0.595*), pH(H2O) (0.639*), exchangeable 

Mg (0.624**) and K (0.625**), BS (0.553*), CaCO 

(0.621**), OC (0.539*), TN (0.894**), FeTotal (0.799**), 

CuTotal (0.745**), MnHCl (-0.653*) and ZnHCl (-0.561) 

Tables 8 and 11). 

Oxalate extractable manganese (Mnox) (amorphous form) 

values (Tables 4-5) ranged from 0.010 to 0.016% and 

0.005 to 0.010% in the surface horizon of soils on schist 

and older granite respectively. The corresponding subsur-

face horizon values ranged from 0.006 to 0.019% and 

0.005 to 0.013%. There was significant difference 

(P≤0.05) between the parent materials (Table 6). pH 

(0.639*), exchangeable Ca (0.786**), Mg (0.726**), K 

(0.807**) and Na (0.755**), TEB (0.751**), ECEC 

(0.712**), BS (0.811**), CaCO3 (0.656*), PWP 

(0.743**), MnTotal (0.700**) and ZnTotal (0.517*) EA (-

0.778*), AP (-0.599*), CuHCl (-0.605) and ZnHCl (-

0.704**) all correlated significantly with Mnox (Table 8 

and 11). 

Pyrophosphate extractable manganese oxide (Mnp) 

(Organo-complexed form) values (Tables 4-5) in the sur-

face horizons ranged from 0.011 to 0.020% and 0.007 to 

0.010% in soils on schist and older granite respectively. 

The corresponding subsurface horizon values ranged from 

0.006 to 0.019% and 0.007 to 0.013%. Parent materials 

and horizons significantly (P≤0.05) influence variation of 

Mnp (Tables 6-7). Mnp correlates with OC (0.539*), 

available Mn, Mnd and Mnox (0.602**, 0.627** and 

0.706** respectively), TN (0.894**), FeTotal (0.791**), 

CuHCl (-0.882**), CuTotal (0.745**), ZnHCl (-0.720**), 

BD (-0.568*), TP (0.556*), FC (0.575*), PWP (0.539*), 

AWC (0.541*), pH (0.619**) exchangeable Ca (0.612*), 

Mg (0.820**), K (0.630**) and Na (0.587*), TEB (-

0.752**), EA (0.596*), ECEC (0.690**) EC (0.720**) 

and CaCO3 (0.640**) (Tables 8-11). 

 The active manganese oxide ratio (Mnox/d) values (Table 

4-5) ranged from 0.135 to 1.299 and 0.008 to 1.960 in 

soils on schist and older granite respectively. At the corre-

sponding subsurface horizon, the values ranged from 

0.010 to 1.053 and 0.078 to 1.961. There was no signifi-

cant difference in parent materials. Sand (-0.691*) have an 

Parameter Unit Schists Older Granite 

Gravel % 13.779 1.042 

Sand % 57.526 63.667 

Silt % 12.875 7.728 

Clay % 29.599 28.605 

Bulk density (BD) g/cm3 1.697 1.414 

Particle density (PD) g/cm3 2.646 2.029 

Total porosity (TP) % 42.889 31.198 

Field capacity (FC) % 19.691 14.177 

Permanent wilting point (PWP) % 11.834 7.637 

Available water content (AWC) % 7.857 6.523 

Silt/Clay ratio   0.363 0.299 

Table 1: Means of soil physical properties. 
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Parameters Unit Schists Older Granite 

pH(H20)   6.374 4.783 

Exchangeable Calcium Cmol/kg 3.069 1.317 

Exchangeable Magnesium Cmol/kg 1.440 0.210 

Exchangeable Potassium Cmol/kg 0.392 0.142 

Exchangeable Sodium Cmol/kg 0.167 0.088 

Total Exchangeable Bases Cmol/kg 5.064 1.795 

Exchange Acidity (EA) Cmol/kg 0.438 0.899 

Effective Cation Exchange Capacity (ECEC) Cmol/kg 5.502 2.695 

Effective Cation Exchange Capacity Clay (ECEC Clay) Cmol/kgclay 9.437 11.323 

Base Saturation (BS) % 91.850 66.991 

Exchangeable Sodium Percentage (ESP) % 3.094 3.376 

Electrical Conductivity (EC) dS/m 0.143 0.026 

Calcium Carbonate (CaCO3) % 0.590 0.372 

Table 2: Means of soil chemical properties  

Parameters Unit Schist Older Granite 

Organic Carbon (OC) % 0.668 0.452 

Organic Matter (OM) % 1.151 0.783 

Total Nitrogen (TN) % 0.241 0.039 

Available Phosphorus (AP) Ppm 6.653 7.575 

Available Iron (FeHCl) mg/kg 29.052 14.399 

Total Iron (FeTotal) % 5.510 3.979 

Available Manganese (MnHCl) mg/kg 7.071 5.017 

Total Manganese (MnTotal) mg/kg 304.872 222.361 

Available Copper (CuHCl) mg/kg 0.088 0.578 

Total  Copper (CuTotal) mg/kg 27.00 17.207 

Available Zinc (ZnHCl) mg/kg 5.942 6.245 

Total Zinc (ZnTotal) mg/kg 49.475 40.462 

Table 3: Means of soil macronutrients and micronutrients 

Pedogenic forms of iron and manganese and its implication on soil genesis over a lithosequence in Nigeria 
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Horizon Depth Fed Feox FeP Mnd Mnox Mnp Feox/d Mnox/d Clay/Fed 
  (cm) (%) (%) (%) (%) (%) (%)       
Profile KA 7.859302N 6.069769E 
Ap 0 – 9 1.892 0.647 0.500 0.077 0.010 0.020 0.342 1.299 13.319 
Bv 9 – 20 2.412 0.539 0.331 0.089 0.008 0.020 0.223 0.090 12.521 
Bx 20 – 40 2.975 0.543 0.373 0.089 0.008 0.020 0.183 0.090 9.143 
                        Profile KB 7.859440N 6.070209N   
Ap 0 – 18 2.825 0.555 0.352 0.090 0.017 0.018 0.197 0.189 9.628 
Bc 18 – 39 2.530 0.535 0.413 0.086 0.006 0.015 0.212 0.070 11.482 
Bcg1 39 – 69 2.835 0.540 0.590 0.101 0.006 0.015 0.190 0.059 10.200 
Bcg2 69 – 130 2.835 0.478 0.590 0.082 0.017 0.017 0.169 0.207 13.416 

Bgx 130 – 200 2.835 0.493 0.368 0.082 0.017 0.011 0.174 0.207 13.123 
Profile KC 7.860822N 6.069576E 
Ap 0 – 20 1.969 0.423 0.251 0.084 0.015 0.020 0.215 0.178 8.669 
Bt 20 – 46 2.848 0.409 0.451 0.069 0.010 0.018 0.144 0.145 6.696 
Btcg1 46 – 70 2.965 0.512 0.351 0.087 0.010 0.018 0.173 0.115 8.162 
Btcg2 70 – 110 2.034 0.475 0.397 0.104 0.008 0.020 0.234 0.077 13.373 

Btg 110 – 200 2.521 0.494 0.336 0.087 0.010 0.008 0.960 0.115 12.935 
Profile KD 7.860376N 6.072108E 
Ap 0 – 20 1.336 0.541 0.291 0.044 0.016 0.019 0.405 0.364 23.353 
Btcg1 20 – 74 1.382 0.565 0.238 0.044 0.007 0.019 0.409 0.159 19.682 
Btcg2 74 – 102 2.100 0.509 0.214 0.059 0.010 0.010 0.242 0.170 16.762 
Btcg3 102 – 145 2.021 0.483 0.390 0.084 0.006 0.010 0.239 0.071 19.520 
Profile KE 7.860811N 6.072108E 
Ap 0 – 24 2.271 0.486 0.395 0.071 0.015 0.018 0.214 0.211 12.109 
Btc1 24 – 47 2.296 0.375 0.443 0.112 0.007 0.018 0.289 0.063 10.105 
Btc2 47 – 67 2.492 0.517 0.482 0.102 0.015 0.010 0.208 0.147 15.329 
Btc3 67 – 99 2.651 0.359 0.338 0.095 0.019 0.018 0.135 1.053 14.772 
Btgx 99 – 150 2.700 0.375 0.276 0.095 0.019 0.012 0.139 1.053 14.630 

Table 4: Iron and Manganese Oxides and their active ratios of Kabba study area (Schists Belt) 

Horizon Depth Fed Feox FeP Mnd Mnox Mnp Feox/d Mnox/d Clay/Fed 
  (cm) (%) (%) (%) (%) (%) (%)       
Profile AA 7.711121N 5.243230E 
Ap 0 – 13 0.863 0.284 0.222 0.064 0.005 0.007 3.291 0.078 30.127 
Bt 13 – 36 1.618 0.453 0.222 0.051 0.008 0.010 2.800 1.569 21.632 

Btv1 36 – 84 2.525 0.453 0.369 0.078 0.008 0.013 1.794 1.026 15.842 
Btv2 84 – 118 2.525 0.296 0.222 0.078 0.010 0.008 1.172 1.282 16.634 

Btcx 118 – 130 2.706 0.319 0.222 0.064 0.008 0.007 1.179 0.125 17.369 
Profile AB 7.710876N 5.245183E 
Ap 0 – 15 0.750 0.296 0.222 0.064 0.005 0.008 3.947 0.008 26.667 

Bt1 15 – 38 0.924 0.453 0.222 0.051 0.010 0.007 4.903 1.961 21.645 
Bt2 38 – 69 1.618 0.319 0.184 0.051 0.010 0.013 1.972 1.961 24.722 

Btc 69 – 100 1.618 0.453 0.184 0.064 0.005 0.007 2.800 1.008 35.229 
Btx 100 – 114 2.525 0.581 0.184 0.064 0.005 0.007 2.580 1.008 22.970 
Profile AC 7.712567N 5.244153E 
Ap 0 – 19 1.531 0.284 0.222 0.051 0.010 0.010 1.855 1.960 13.717 

Bh1 19 – 35 1.531 0.453 0.369 0.051 0.008 0.013 2.959 1.569 13.063 
Bh2 35 – 60 1.618 0.453 0.184 0.064 0.008 0.007 2.800 0.125 21.632 

Bh3 60 -94 2.706 0.349 0.184 0.078 0.008 0.007 1.290 1.026 14.043 
Profile AD 7.713800N 5.244635E 
Ap 0 – 18 0.863 0.171 0.369 0.064 0.008 0.007 1.198 0.125 22.016 
B 18 – 34 0.924 0.453 0.222 0.078 0.005 0.007 0.490 0.064 20.563 

Btx 34 – 64 1.618 0.581 0.222 0.051 0.005 0.013 0.359 0.098 32.756 
Profile AE 7.713694N 5.245869E 
Ap 0 – 35 0.750 0.349 0.369 0.051 0.010 0.008 0.379 0.196 24.000 

Bh 35 – 79 2.706 0.453 0.222 0.051 0.005 0.007 0.167 0.098 14.043 
Bhx 79 – 120 2.700 0.581 0.184 0.064 0.008 0.007 0.215 0.125 20.741 

Table 4: Iron and Manganese Oxides and their active ratios of Kabba study area (Schists Belt) 
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  Horizon Depth Fed Feox FeP Mnd Mnox Mnp Feox/d Mnox/d Clay/Fed 

  (cm) (%) (%) (%) (%) (%) (%)       
Profile AF 7.712131N 5.246052E 

Ap 0 – 20 0.924 0.284 0.222 0.051 0.010 0.010 0.307 0.196 16.234 

B 20 – 49 1.531 0.453 0.222 0.064 0.008 0.007 0.296 0.125 10.451 

Bt 49 – 85 1.618 0.319 0.222 0.078 0.008 0.017 0.197 0.103 22.250 

Btx 85 – 105 1.618 0.319 0.184 0.078 0.005 0.007 0.197 0.064 33.375 

Profile AG 7.710802N 5.246470E 

Ap 0 – 9 0.863 0.171 0.222 0.051 0.005 0.008 0.198 0.098 16.223 

Bw1 9 – 20 2.706 0.284 0.222 0.064 0.005 0.007 0.105 0.078 3.696 

Bw2 20 – 60 2.706 0.453 0.222 0.064 0.005 0.013 0.167 0.078 4.065 

Parameter Unit Schists Older Granite t-test value P(two tailed) 

Fed % 2.276 1.290 4.252 NS 

Feox % 0.511 0.295 3.945 0.044 

Fep % 0.350 0.182 5.230 0.021 

Mnd % 0.085 0.049 3.599 0.047 

Mnox % 0.017 0.006 2.686 0.028 

Mnp % 0.016 0.006 7.868 0.030 

Feox/d   0.251 0.993 -1.848 0.046 

Mnox/d   0.235 0.402 -0.939 NS 

Clay/Fed   13.631 15.365 -0.471 0.039 

Table 6: T-test for Iron and Manganese Oxides and their active ratios of parent materials 

P ≤0.05 level, NS>0.05 

  Fed Feox Fep Mnd Mnox Mnp Feox/d Mnox/d 

Feox 0.376               

Fep 0.706** 0.724**             

Mnd 0.565* 0.494 0.694**           

Mnox 0.602* 0.690** 0.784** 0.745**         

Mnp 0.640** 0.724** 0.862** 0.627** 0.706**       

Feox/d -0.532* -0.124 -0.418 -0.376 -0.377 -0.399     

Mnox/d 0.079 0.024 0.076 -0.141 0.184 0.015 0.397   

Clay/Fed -0.856** -0.306 -0.541* -0.485 -0.409 -0.661** 0.632** 0.300 

Table 8: Correlation matrix for Iron and Manganese Oxides and their active ratios 

* Correlation is significant at 0.05 level (two tailed) 

** Correlation is significant at 0.01 level (two tailed) 

  Gravel Sand Silt Clay BD PD TP FC PWP AWC Silt/Clay 

Fed 0.658** 0.600* -0,275 -0.525* -0.247 -0.259 0.218 0.191 0.526* 0.633** -0.614** 

Feox 0.701** 0.112 0.106 0.628** -0.224 0.350 0.285 0.329 0.676** 0.035 0.323 

Fep 0.789** 0.147 -0.053 -0.121 -0.521* 0.041 0.515* 0.041 0.500* 0.062 -0.157 

Mnd 0.530* -0.579* -0.106 0.572** -0.541** 0.088 0.479 0.139 0.482 -0.032 -0.595* 

Mnox 0.767** 0.010 -0.015 0.052 -0.193 -0.072 0.210 0.181 0.743** -0.006 -0.127 

Mnp 0.746** 0.629* 0.003 -0.339 -0.568 0.262 0.556* 0.575* 0.539* 0.541* -0.221 

Feox/d 0.433 -0.585* 0.653* -0.621** 0.074 0.450 0.015 -0.238 0.068 -0.353 0.511* 

Mnox/d 0.216 -0.691** 0.432 0.518* 0.002 -0.097 0.041 -0.141 0.053 -0.109 0.269 

Clay/Fed -0.453 -0.635 0.309 0.689** 0.385 0.059 -0.324 -0.444 -0.318 -0.371 0.579* 

Table 9: Correlation matrix of Physical Properties versus Iron and Manganese Oxides and their active ratios 
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  pH Exch. Ca Exch. Mg Exch. K Exch. Na TEB EA ECEC BS ESP EC CaCO3 

Fed 0.474 0.394 0.468 0.456 0.526* 0.365 -0.316 0.379 0.288 -0.079 -0.300 0.544* 

Feox 0.382 0.682** 0.844** 0.780** 0.732** 0.771** -0.793** 0.756** 0.800** -0.300 0.056 0.562* 

Fep 0.794** 0.576* 0.650** 0.821** 0.685** 0.571* -0.627** 0.585* 0.576* -0.188 0.365 0.621* 

Mnd 0.639* 0.462 0.624** 0.625** 0.488 0.459 -0.618** 0.479 0.553* -0.347 0.082 0.621* 

Mnox 0.640** 0.786* 0.726** 0.807** 0.755** 0.751** -0.778** 0.712** 0.811** -0.350 0.099 0.656** 

Mnp 0.619* 0.612* 0.820** 0.630** 0.587* -0.752** 0.596* 0.690)) -0.139 0.171 0.720** 0.640** 

Feox/d -0.229 -0.259 -0.324 -0.263 -0.276 -0.238 0.253 -0.226 0.238 0.065 0.074 -0.624* 

Mnox/d 0.218 0.135 -0.118 0.082 0.012 0.059 0.169 0.071 -0.024 -0.118 0.279 -0.232 

Clay/Fed -0.268 -0.232 -0.335 -0.352 -0.321 -0.247 0.333 -0.247 -0.265 0.059 -0.065 -0.535* 

Table 10: Correlation matrix of Chemical Properties versus Iron and Manganese Oxides and their active ratios 

* Correlation is significant at 0.05 level (two tailed) 

** Correlation is significant at 0.01 level (two tailed) 

  Fed Feox Fep Mnd Mnox Mnp Feox/d Mnox/d Clay/Fed 

OC -0.256 0.021 -0.303 -0.153 -0.311 0.539* -0.532* -0.077 -0.402 

TN 0.681** 0.623** 0.820** 0.664** 0.852** 0.894** -0.611* -0.032 -0.670** 

AP -0.468 -0.347 -0.515* -0.309 -0.599* -0.330 0.279 0.076 0.253 

FeHCl 0.097 0.321 0.503* 0.379 0.390 0.328 0.124 0.203 0.038 

FeTotal 0.332 0.888** 0.806** 0.559* 0.745** 0.791** -0.603 0.506* 0.262 

MnHCl -0.638** 0.426 0.218 -0.653** 0.700 0.602** 0.047 -0.656** 0.050 

MnTotal 0.217 0.302 0.199 0.029 0.426 0.084 0.009 0.239 0.112 

CuHCl -0.541* -0.826** -0.794** -0.388 -0.603 0.882** 0.368 0.097 0.568* 

CuTotal 0.600** 0.579* 0.632** 0.735** 0.674** 0.745** -0.479 0.124 -0.553* 

ZnHCl -0.400 -0.678** -0.571* -0.561* -0.704** -0.720** 0.518* 0.193 0.461 

ZnTotal 0.350 0.371 0.509* 0.247 0.517* 0.322 -0.221 0.026 -0.071 

Table 11: Correlation matrix of iron and manganese oxides versus macronutrients and micronutrients 

* Correlation is significant at 0.05 level (two tailed) 

** Correlation is significant at 0.01 level (two tailed) 

inverse relationship with Mnox/d, on the other hand, there 

was a positive relationship with clay (0.518*) (Table 9). 

 4.0. Discussion 

Soils on schist have higher values of Fed than older gran-

ite soils. The lower values in the older granite soils can be 

attributed to the intensity of weathering and leaching in the 

area (Maniyunda, 2012). The subsurface horizons ap-

peared to have higher values of Fed than the surface hori-

zons, similar result was reported by Maniyunda (2012) in 

soils on basement complex geology and it was attributed 

to co-translocation of Fe with clay from the surface to sub-

surface horizons through alluviation-illuviation processes 

(Blume and Schwertmann, 1969; Juo et al., 1974). Ac-

cording to Fanning and Fanning (1989), the process was 

triggered by the redox process. The highest values were 

within the horizons that contain iron-manganese concre-

tions and plinthites. The values in this study are in agree-

ment with the findings of Aghimien et al., (1988), Mani-

yunda (1999), Raji et al., (2000), Ibia (2002) and Essoka 

and Esu (2003). Correlation of total free iron observed 

with sand, Clay, PWP, and AWC establishes the fact that 

drainage and moisture regime of soils influenced Fed for-

mation, translocation and accumulation processes (redox 

process) (Udo, 1980; Perkins and Lawrence, 1982; Aghi-

mien et al., 1988). 

Higher Feox values were observed in soils on schist and it 

indicates that the soils on schist are pedogenically younger 

than soils on older granite. Exchangeable Ca, Mg, K, and 

Na, TEB, ECEC, and BS correlate with Feox. This implies 

that an increase in all these properties will lead to an in-

crease in Feox.  

Differences in parent materials in Fep of soils can be at-

tributed to the amount of organic matter generated by veg-

etation in the different ecological zones of this study. Dif-

ferent values of Fep had been reported for different agroe-

cological zones in Nigeria (Raji et al., 2000; Abdou-

rahamane and Yaro, 2007; Olaleye et al., 2000; Samundi 

et al., 2006). pH, Exchangeable Ca, Mg, K and Na, TEB, 

ECEC, BS, CaCO3, TP, PWP, TN, Fe, HCl, Available P, 

FeTotal and Zn Total have similar distribution pattern with 

Fep and may contribute to the content of organically com-

plexed iron in the soils studied. Fe-phosphorus interactions 

commonly occur in both plant metabolism and soil media. 

The affinity between Fe(III) and H2PO4 is known to be 

great and therefore the precipitation of FePO4.2H2O can 

easily occur under favourable conditions (Kabata-Pendias 

and Pendias, 1989) in the soils studied. Fep was highly 

significantly correlated Md (0.694**), Mnox, Mnp. A sim-

ilar trend was observed for Feox and Fed, this signifies 

that their availability is controlled by similar pedogenic 

processes or factors. 

Results of Feox/d indicate that parent materials influenced 

crystallization in the soils. The highest value was observed 

in soils on older granite and it relates to their pedogenic 
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age. The surface horizon values were higher. This signifies 

that there is more crystallization of iron oxide at the sur-

face horizon than the subsurface (Blume and Schwert-

mann, 1969; Lekwa and Whiteside, 1986). Feox/d corre-

lated significantly with silt and clay this indicates that an 

increase in silt weathering to clay increases active iron co-

migration and coating of a clay surface, which will lead to 

an increase in iron crystallization (Maniyunda, 2012). The 

relationship between Feox/d and organic matter indicates 

that organic matter inhibits crystallization in the soils. 

There was an indication that Fed significantly contributed 

to the crystallization of iron in the soils, this was reflected 

in the significant correlation of Feox/d with Fed. 

The pattern of distribution of clay/ Fed within the soil 

depths was irregular for most of the profiles except for 

profile AG where it decreases down the depth. This indi-

cates that with the advancement in pedogenic development 

there is independent migration of clay and Fed. This re-

flected in the significant correlation with clay.  

The lowest values of Mnd were observed in soils on older 

granite. This can be attributed to the higher sand percent-

age in the soils which led to leaching and translocation of 

Mnd. This was established in a significant negative corre-

lation with sand. There are higher values of Mnd at the 

subsurface than the surface horizons in most of the pro-

files. This signifies alluviation-illuviation processes and 

probably the release of Mn oxides from silicates (Blume 

and Schwertmann, 1969; Naho et al., 1989). There is a 

significant correlation with clay this signifies the co-

migration of clay with Mnd. There is an indication that an 

increase in pH(H2O) increases Mnd content of soils in this 

study, this was observed in the significant correlation of 

Mnd with pH(H2O). There was a significant correlation 

with exchangeable Mg and K, BS, CaCO3, OC, TN, FeTo-

tal, CuTotal. This could be due to the similarity in their 

distribution pattern. Also, the distribution pattern of BD, 

Silt/Clay ratio, MnHCl, and ZnHCl were in opposite direc-

tion with Mnd. 

Soils of the schist origin have higher values Mnox than 

soils of the older granite. The pattern of distribution was 

observed to be irregular in most of the profiles except for 

profiles AD, AG and KA where the value decreases down 

the soil depth. pH, exchangeable Ca, Mg, K and Na, TEB, 

ECEC, BS and CaCO3 correlated with Mnox. This indi-

cates that an increase in pH and exchangeable cations in-

crease amorphous manganese in the soils studied. An in-

verse significant relationship was observed with EA, AP, 

CuHCl, and ZnHCl signify that their increase in soil de-

creases Mnox. There is a likelihood that PWP, MnTotal 

and ZnTotal are having similar distribution patterns in 

soils of this study.  

There were higher values of Mnp at the surface horizons 

than the subsurface horizons. This can be attributed to the 

contribution of organic matter and this was confirmed by 

the significant positive correlation of Mnp with OC. Avail-

able Mn, Mnd, and Mnox have similar distribution pattern 

and the major source and reservoir of available Mn might 

be Mnp in that they are correlated. There were indications 

that Mnp has a relationship with the following properties; 

TN, FeTotal, CuHCl, CuTotal, ZnHCl, BD, TP, FC, PWP, 

AWC, pH, exchangeable Ca, Mg, K and Na, TEB, EA, 

ECEC, EC, and CaCO3. They might have similar distribu-

tion patterns or contribute to Mnp contents in the soils 

studied. 

Higher values of Mnox/d were observed in older granite 

soils. There was no difference in the values between the 

parent materials; this may be because both parent materials 

are of the basement complex geology. The distribution 

pattern was irregular down the soil depth. This indicates 

that the crystallization process in the soils was irregular for 

manganese. Sand (-0.691*) has an inverse relationship 

with Mnox/d. This implies that an increase in the sand in 

the soils studied will decrease the crystallization of Mn. 

On the other hand, clay has a positive relationship with 

Mnox/d this indicates that an increase in clay favours crys-

tallization of Mn. 

5.0. Conclusion  

The nature, amount and distribution of sesquioxides in the 

soils studied are controlled by similar pedogenic process-

es. The major pedogenic processes in the soils studied are; 

co-translocation of Fe with clay by alluviation and illuvia-

tion, plinthization, leaching and co-migration of clay with 

Mnd. The study also showed that drainage, moisture, sand, 

clay and organic matter played a significant role in the 

formation and distribution of Fe and Mn. The forms Mn 

influenced the distribution of pH and exchangeable cations 

in the soils. Furthermore, it was revealed that the soils 

developed over schist are pedologically younger than soils 

on older granite. 

References 

Abdourahamane, I.I., and Yaro, D.T. 2007. Pedogenic 

distribution of pyrophosphate extractable iron and alu-

minium in plithitic soils in a landscape at Zaria, Nige-

ria. In: Uyovbisere, E.O., Raji, B.A., Yusuf, 

A.A., Ogunwale, J.O., Aliyu, L. And Ojeniyi, S.O. 

(ed).(2007). Soil and Water Management for Poverty 

Alleviation and Sustainable Environment. Pro-

ceedings of the 31st Annual Conference of the Soil 

Science Society of Nigeria heldat Ahmadu Bello Uni-

versity Zaria, Nigeria. Nov. 13-17, 2006. pp 52-59. 

Adegbite, K.A. and J.A. Ogunwale, 1994. Morphological, 

chemical and mineralogical agricultural potential. Per-

tanlka J. Trop. Agric. Sci., 17 (3): 191-196. 

Aghimien, E.A. Udo, E.J. and Ataga, O. 1988. Profile dis-

tribution of forms of iron and aluminium in the hy-

dromorphic soils of southern Nigeria. Journal of West 

African Science Association 31: 57 – 70. 

Ajiboye, G.A., Ogunwale, J.A. and James, T. 2008. Char-

acteristics and pedogenesis of soils developed over 

Talc at Odo-ogbe, Kogi State, Nigeria American-

Eurasian J. Agric. & Environ. Sci., 4 (4): 489-498 

Blake, G.R. and Hartge, K.H. 1986a. Bulk density. In 

Klute (eds). Methods of soils analysis, Part1: Physi-

cal and mineralogical methods. 2nd Ed. ASA, SSSA. 

Madison, WI. pp 377-382. 

Pedogenic forms of iron and manganese and its implication on soil genesis over a lithosequence in Nigeria 



52 

Blake, G.R. and Hartge, K.H. 1986b. Particle density. In 

Klute (eds). Methods of soils analysis, Part1: Physical 

and mineralogical methods. 2nd Ed. ASA, SSSA. Mad-

ison, WI. pp 365-375. 

Blume, H.P., and Schwertmann, U. 1969. Genetic evalua-

tion of profile distribution of Aluminium, Iron and 

Manganese oxides. Soil Science Society of American 

Journal 33:438 – 444. 

Bremner JM, Mulvaney CS 1982. Nitrogen-Total. In Page 

AL, Miller RH and Keeney DR (eds). Methods of Soil 

Analysis. Part 2 Agron 9. Madison WI. pp. 595-624.  

Bouyoucos, G.H. 1951. A recalibration of the hydrometer 

for making mechanical analysis of soils. Agronomy 

Journal 43: 434 - 438. 

Danielson, R.E. and Sutherland, P.L. 1986. Porosity. In 

Klute (eds). Methods of soils analysis, Part1: Physi-

cal and mineralogical methods. 2nd Ed. ASA, SSSA. 

Madison, WI. pp 443-46. 

Duiker, S.W., Rhoton, F.E., Torrent, J., Smeck, N.E. and 

Lal, R. 2003. Iron (hydro) oxide crystallinity effects on 

soil aggregation. Soil Sci. Soc. Am. J. 67:606-611. 

Durn, G., Slovenec, D. and Covic, M. 2001. Distribution 

of iron and manganese in Terra Rossa from Istria and 

its genetic implications. Geologia Croatica 54(1):27-

36. 

Essoka, A.N. and Esu, E.I. 2003. Profile distribution of 

sesquioxides in the inland valley soils of Central Cross 

River State, Nigeria. Nig. J. Soil Res. 4:41-49. 

Elias P. O. and Gbadegesin A. S. 2012. Comparative study 

of soils derived from sedimentary and basement 

rock formations of the lower Ogun river floodplain, 

southwestern. Nigerian Journal of Geography and Ge-

ology; Vol. 4, No. 2. 

Fanning, D.S. and Fanning, M.C.B. 1989. Soil Morpholo-

gy, Genesis and Classification. Wiley International. 

John Wiley and Sons. New York. 395pp. 

Guertal, W.R. 1994. The Pedologic Nature of Weathered 

Rock. In: Cremeens, D.L., et al., Eds., Whole Regolith 

Pedology, SSSA, Madison, 21-40. 

Ibia, T.O. 2002. Forms of Fe and Al in soil profiles of in-

land flood plains of South Eastern Nigeria. Nig. J. Soil 

Res. 3:72-77. 

Igwe, C.A. 2001. Free oxide distribution in Niger flood 

plain soils in relation to their total and available phos-

phorus. Proceed. Soil Sci. Soc. Nig. pp. 196-201. 

IITA 1979. Selected methods for soil and plant analysis. 

International Institute of Tropical Agriculture 

Manual Series No. 1, Ibadan, p. 62. 

Jelic, M.Z., Milivojevic, J.Z., Trifunovic, S.R., Dalovic, 

I.G., Milosev, D.S and Seremesic, S.I. 2011. Distribu-

tion and forms of iron in the Vertisols of Serbia. J. Ser-

bian Chem. Soc. 76(5):781-794. 

Kabata-Pendias A, Pendias H. 1989. Trace elements in the 

Soil and Plants. CRC Press, Boca raton, F. 

Kurihara, H., Kitagawa, Y. and Nagatsuka, S. 2002. Char-

acteristics of free sesquioxides and humic acids in soil 

distributed under warm-temperate forest climate in Nyu 

mountains, Fukui Prefecture, Central Japan. Soil Sci. 

Plant  Nutr. 48(6):833-839. 

Maniyunda, L.M. 1999. Pedogenesis on loess and base-

ment complex rocks in a sub-humid environment of 

Nigeria and the suitability of the land for rain-fed culti-

vation. M.Sc. thesis (Unpublished), Ahmadu Bello 

University, Zaria. 108pp 

Maniyunda L.M. 2012. Pedogenesis of a lithosequence in 

northern guinea savannah of Kaduna State, Nigeria. 

Ph.D. thesis (unpublished), Ahmadu Bello University, 

Zaria. 219pp 

Maniyunda L. M., Raji B. A., Odunze A. C. and Malgwi 

W. B. 2015. Forms and content of sesquioxides in soils 

on basement complexes of northern Guinea savanna of 

Nigeria  Journal of Soil Science and Environmental 

Management Vol. 6(6), pp. 148-157,  

McKeague, I.A. 1967. An evaluation of 0.1M pyrophos-

phate-dithionite incomparon with oxalate as extract-

ants. Canad. J. Soil Sci.. 47:95-99. 

Mckeague, J.A. and Day J.H. 1966. Dithionite- andoxalate

-extractable Fe and Al as aids in differentiating various 

classes of soils. Can. J. Soil Sci. 46:13-22.  

Mehra, O.P. and Jackson, M.L. 1960. Iron oxide removal 

from soils and clays by dithionite citrate system buff-

ered with sodium bicarbonate. Clays Clay Minerals 

7:317-327. 

 Miyata, N., Tani, Y., Sakata, M. and Iwahori, K. 2007. 

Microbial manganese oxide formation and interaction 

with toxic metal ions. J. Biosci. Bioengineer., 104, 1–8. 

Nahon, D.B., Herbillon, A.J. and Beauvais, A. 1989. The 

epigenetic replacement of kaolinite by lithiopho-

rite in a manganese – laterite profile, Brazil. Geoderma 

44: 247-259. 

Nelson DW, Sommers LE 1982. Organic carbon. In Page 

AL, Miller RH and Keeney DR (eds). Methods of Soil 

Analysis. Part 2 Agron 9. Madison WI. pp. 538-580.    

Obi, J.C.; Akinbola, G.E. and Anozie H.F. 2009. Distribu-

tion of dithionite and oxalate-extractable iron oxides of 

a catena in the basement complex soils of Southwestern 

Nigeria. Nigerian Journal of Soil Science 19 

Ogunwale, J.A., and K.O. Azeez, 2000. Characteriza-

tion, classification and potassium speciation of the soils 

at Igbeti, Nigeria. African Scientist, 1(2): 83-94. 

Olaleye, A.O., Ogunkunle, A.O. and Sahrawat K.L. 2000. 

Forms and pedogenic distribution of extractable 

iron in selected wetland soils in Nigeria. Communica-

tion in Soil Science and Plant Analysis 31 (7 and 

8):923-940. 

Olowolafe, E.A. 2002. Soil parent materials and soil prop-

erties in two separate catchment areas on the Jos Plat-

eau, Nigeria. GeoJournal 56: 201–212. 

 Babalola and Fasina NJSS 30 (2) 2020 49-53 



53 

Orimoloye J. R. and Akinbola, G. E. 2013. Evaluation of 

some sandstone derived soils of southern Nigeria for 

rubber (Hevea brasiliensis) cultivation. Nigerian Jour-

nal of Soil Science 23(2): 252-263. 

Osayande P.E., Oviasogie P.O., Aisueni N.O., Stephen O., 

Irhemu P. and Ekebafe M.O. 2013. Assessment of di-

thionite and oxalate extractable iron and aluminum 

oxides in soils supporting raphia palms at NIFOR main 

station. Nigerian Journal of Soil Science 23(2): 1-9. 

Osodeke, V.E., Nwotiti, I.L. and  Nuga, B.O. 2005. Ses-

quioxides distribution along a toposequence in 

Umudike area of Southeastern Nigeria. Electr. J. Envi-

ron. Agric. Food Chem. 4(6):1117-1124. 

Perkins, H.F. and Lawrence, B. 1982. Sesquioxide segre-

gation in plinthic and nonplinthic counterpart soil. Soil 

Science 133:314-318. 

Raji, B.A., Esu, E.I. and Chude, V.O. 2000. Status and 

profile distribution of free oxides in Haplustults 

and Quartzipsamments developed on ancient dunes in 

NW Nigeria. Samaru Journal of Agricultural Re-

search 16:41-51. 

Rowell, D.L. 1994. Soil Science: methods and applica-

tions. Harlow, Longman Scientific, and Technical. 

ISBN: 0582087848. 

Samundi, M.A., Raji, B.A. and Kparmwang, T. 2006. 

Long-term effects of fast-growing tree spe-

cies (Tectona grandis Linn. F.) on the distribution of 

pedogenic forms of iron and aluminum in 

some soils of Southern Guinea Savanna of Nigeria. 

Savanna Journal of Agriculture 1(1):39-45. 

Sombroek, W. and Eger, H. 1997. What do we understand 

by land-use planning: a state-of-the-art report. Agricul-

ture + Rural Development No.1, 4: 3-7. 

Soil Survey Staff, 2014. Keys to Soil Taxonomy. 12th  

Edition. USDA, Natural Resources Conserva-

tion Service, US Dept. of Agriculture, Washington DC. 

329pp. 

SPSS. Statistical Package for Social Sciences. SPSS Sta-

tistics 19.0.  (http://www.spss.com.).   

Thomas, G.W. 1982. Exchangeable cations. In Page AL, 

Miller RH and Keeney DR (eds). Methods of 

Soil Analysis. Part 2 Agron 9. Madison WI. pp. 159-

165. 

Udo, E.J. 1980. Profile distribution of iron sesquioxide 

contents in selected Nigerian soil. The Journal 

of Agricultural Science 95: 191-198. 

USDA, NRSC (United States Department of Agriculture, 

Natural Resources Conservation Service). 2004. Soil 

Survey Laboratory methods manual. Burt, R. (ed.). Soil 

Survey Laboratory Lincoln, Nebraska. Soil Sur-

vey Investigation Report No. 42 version 4.0 No-

vember 2004. 735pp 

Pedogenic forms of iron and manganese and its implication on soil genesis over a lithosequence in Nigeria 




