
478 

1.0 Introduction 

Iron primarily originates from chemical weathering of 
parent materials. The majority of iron deposits are formed 
in rocks beneath the earth's surface (Adiele et al., 2015). 
Iron is a significant constituent of the lithosphere and oc-
curs in several mineralogical forms as discrete particles or 
associated with other minerals' surfaces (Maniyunda et al., 
2014). Another source of iron-rich soil is magma flow 
from erupted volcanoes (Gao et al., 2008). Iron exists in 
different forms, and the nature and amount of various 
forms of iron depend on soil texture, pH, organic matter 
content and other soil characteristics (Jiang et al., 2009; 
Adiele et al., 2015).  

Oxides of iron are variable in structure, composition and 
degree of crystallinity. The forms in which they exist de-
pend substantially on physical soil conditions and the 

forms and transformations of soil organic matter. Even at 
low concentrations, iron oxides within soils have high pig-
menting power and determine the colour of soils under 
well-drained condition. This colour and distribution of iron 
oxides within a profile help explain soil genesis and are 
used widely in soil classification (Sherwan, 2010).  

Different forms of iron oxide [i.e. total free iron oxides or 
citrate–bicarbonate–dithionite (CBD) extractable iron 
(Fed), the organically bound pyrophosphate extractable 
iron (Fep) and the amorphous forms of iron oxide, (oxalate 
extractable iron – Feox)] crystallize as they age 
(Schwertmann, 1964). The ratio of oxalate extractable Fe 
to dithionite extractable forms, which is a measure of the 
reactivity of the sesquioxide (Blume and Schwertmann, 
1969), has also been used to evaluate soil development 
weathering (Omenihu et al., 1994). Similarly, percentages 
of iron oxides have also been used as aids in distinguishing 
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soil types, differentiating soil horizons and determining 
soil age or degree of soil development (Akinbola et al., 
2013). Although sesquioxides studies have already been 
advanced; however, they still need further consideration to 
understand better the dynamics of soil development on the 
basement complex soils, especially agricultural practices. 

2.0. Materials and Methods 

2.1. Study site  

The study area lies between 11º 25'N to 11º 34'N and 7º 

16'E to 7º 22'E, located in Funtua, Funtua Local Govern-
ment Area (LGA) of Katsina State, Nigeria. Faskari LGA 
borders it to the north, Bakori and Danja LGAs to the east 

and Dandume LGA to the west (Fig. 1). The area has land 
coverage of 10,000 ha. The study area is underlain by 
crystalline rocks of the basement complex, (Katsina Diary, 
1989). It has three geological formation types: the migma-
tite, granite gneiss and undifferentiated schist (Shobayo et 
al., 2019). The undifferentiated schist has a limited occur-
rence. The study area's climate is tropical and typical of 
that of the northern guinea savanna of Nigeria. It is charac-
terized by a long dry season and a shorter but very con-
spicuous wet season (Fig. 2). It has total annual rainfall 
figures ranging from 1000 mm to over 800 mm (Abaje et 
al., 2016). The mean monthly maximum range of tempera-
ture was between 35.40 and 28.70 °C; while the minimum 
range between 16.89 °C and 32.70 °C (Fig. 2). 

Fig. 1: Location map of the study area 

Fig. 1: Climatic data of the study area 
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2.2. Method of sample collection 

A GPS assisted detailed soil survey was carried out in the 
study area, according to the Soil Science Division Staff 
(2017). Afterwards, five soil individuals, namely: SI1, SI2, 
SI3, SI4 and SI5, were identified. The soil individuals' 
concept was based on soils that shared similar morpholog-
ical, topographical and physical characteristics of depth, 
drainage, the colour of soil matrix and mottles, texture and 
structure identified. Two soil profile pits were dug on each 
soil individual, described and sampled from the genetic 
horizon. Soil samples were air-dried in the laboratory, 
crushed with porcelain pestle and mortar and sieved to 
remove materials greater than 2 mm (gravel). The less 
than 2 mm of soil separates were subjected to laboratory 
analysis. 

2.3. Laboratory analyses 

Bulk density was determined by the method described by 
Blake and Hartge (1986). The particle size distribution of 
soils was determined by the hydrometer method described 
by Gee and Or (2002). Soil reaction (pH) was determined 
in water in a 1:2.5 soil solution ratio, using a Pye Unicam 
model 290 MK pH meter. The acid dichromate wet oxida-
tion method of Walkley and Black as described by Nelson 
and Sommers (1986) was used to determine organic car-
bon. Total nitrogen was determined by the regular Macro 
Kjeldahl method (Bremmer and Mulvaney, 1982). Availa-
ble phosphorus was determined by the Bray – 1 method 
(Bray and Kurtz, 1945). Exchangeable bases (Ca, Mg, K 
and Na) were determined by neutral (pH 7.0) ammonium 
acetate (NH4OAc) solution as described by Anderson and 
Ingram (1993). Available cationic micronutrients were 
extracted with 0.1M HCl solution as described by IITA 
(1979). Base saturation was calculated by dividing the 
total exchangeable bases (Ca, Mg, K and Na) by the CEC 
obtained by the NH4OAc procedure as follows:  

 

% Base saturation = Total exchangeable bases/CEC ×100 

                                                              

McKeague (1967) method was used for the determination 
of the organic bound form of iron oxide in the soils. Two 
grams of the soil passed through a 250 µm sieve were 
transferred to a 500 cm3 bottle to which 200 ml 0.1M 
Na4P2O7 solution was added through a pipette. This was 
closed and shaken overnight. Then 25 ml of the suspen-
sion was transferred to each of two 50 cm3 centrifuge 
tubes and centrifuged. AAS determined the Fe content in 
the clear supernatant solution after dilution. The amor-
phous form of iron was extracted using the method of 
Schwertmann (1964). Approximately 0.5 g of soil was 
weighed into a 50 cm3 centrifuge tube to which 25 cm3 of 
acidified ammonium oxalate extraction solution was add-
ed. The tube was closed with a stopper and shaken in dark-
ness for four hours.  A portion of the extract was diluted 
and Fe content determined by the AAS. 

Total free iron oxides in the soils were determined by 
Mehra and Jackson (1960). One gram of the 0.02 mm frac-
tion of the soil sample was weighed into a 50 cm3 plastic 
centrifuge tube to which 40 cm3 of sodium citrate solution 
and 5 cm3 of sodium bicarbonate solution were added. The 
tube with its content was heated on a water bath to 70 – 80 
°C. One gram of sodium dithionite salt was added to the 
centrifuge tube's content, stirred continuously for 1 minute 
and occasionally for 15 minutes. The treatment with CBD 
was repeated till the reddish colour of the sample had dis-

appeared. The suspension was then centrifuged, and the 
extract decanted into a 200 cm3 volumetric flask. The soil 
was washed twice with 40 cm3 sodium citrate, centrifuged 
and the clear supernatant solution added to the extract in 
the 200 cm3 volumetric flask. A portion of this extract was 
diluted and Fe content determined by the AAS.  

Statistical Analysis 

The data generated were analyzed statistically using the 
Student t test and was run by Statistical Analysis for Sci-
ences (SAS) programme on the computer. The t-test re-
sults were used to compare the surface and subsurface 
horizons and between soil individuals. Data generated was 
also subjected to Pearson correlation analysis to determine 
the relationships between parameters studied. 

Results and Discussion 

Three forms of iron oxides were examined in all the soil 
individuals (SI1, SI2, SI3, SI4 and SI5) (Table 1) identi-
fied in the study area. Content of organic bound pyrophos-
phate extractable iron (Fep) was found to vary between 
0.31 and 0.41 (mean, 0.36), 0.48 and 0.50 (mean, 0.49), 
0.62 and 0.68 (mean, 0.65), 0.32 and 0.38 (mean, 0.35), 
0.32 and 0.47 (mean, 0.40) % in the surface horizons of 
SI1, SI2, SI3, SI4 and SI5 respectively. The corresponding 
subsoil horizon values varied between 0.22 and 0.29 
(mean, 0.24), 0.31 and 0.46 (mean, 0.38), 0.24 and 0.45 
(mean, 0.33), 0.19 and 0.19 (mean, 0.19), 0.10 and 0.35 
(mean, 0.25) %. 

Content of Fep progressively decreased in concentration 
down the profile in all the soil individuals (except pedons 
SI2P1 – BCt horizon and SI3P1 - Bg2 horizon) and was 
generally observed to be in the lowest proportion the three 
forms of iron studied (Table 1). This observation is sug-
gestive of the Fep constituting a very small fraction of the 
free iron oxides. This occurrence may be attributed to the 
study area's sparse vegetative nature (Northern Guinea 
Savanna). The relatively higher value observed in SI3 
(surface soils) compared to other soil individuals could be 
attributed to the reductimorphic property of the soil ma-
trix; which implies that drainage and moisture regime of 
soils influences Fep formation, translocation and accumu-
lation processes (Juo et al., 1974; Udo, 1980; Maniyunda 
et al. 2014).  

The percent mean values of Fep content of the surface soils 
were higher than those recorded for the subsurface soils; 
as buttressed by the Fep correlating negatively (Table 2) 
with clay (r = -0.01467) and silt (r = -0.03224) and corre-
lated positively with sand (r = 0.03592) indicating de-
crease with increase in silt and clay content as the surface 
soils were highest in the sand. However, the differences 
were statistically not significant. Also, when mean values 
between soil individuals were compared, soil individuals 
did not vary significantly. Positive correlation values 
(Table 2) obtained between Fep with exchangeable calci-
um (r = 0.02043), potassium (r = 0.10563), sodium (r = 
0.07578), organic carbon (r = 0.38349), total nitrogen (r = 
0.23386), available phosphorus (r = 0.4171*) and micro-
elements: copper (r = 0.15153*), manganese (r = 0.16805), 
zinc (r = 0.07872) and boron (r = 0.20185) implies crystal-
lization will be inhibited by organo complexes dominating 
the surface soils. 

The amorphous forms of iron oxide (oxalate extractable 
iron – Feox) which crystallize as they age (Schwertmann, 
1964) were examined in all the soil individuals and had 
their Feox contents generally higher than those reported for 
Fep. This implies that an appreciable percentage of Fe's 
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oxides were in the amorphous form than in the organically 
complexed form. Content of amorphous forms of iron ox-
ide (Feox) was found to vary between 1.05 and 1.06 (mean, 
1.06), 0.37 and 0.05 (mean, 0.21), 0.05 and 0.41 (mean, 
0.23), 0.14 and 0.52 (mean, 0.33), 0.40 and 0.70 (mean, 
0.55) % in the surface horizons of SI1, SI2, SI3, SI4 and 
SI5 respectively. The corresponding subsoil horizons val-
ues varied between 0.09 and 1.23 (mean, 0.96), 0.12 and 
0.50 (mean, 0.29), 0.18 and 0.61 (mean, 0.39), 1.00 and 
1.00 (mean, 1.00), 0.93 and 1.11 (mean, 1.03) %. Their 
values generally decreased with an increase in pedal depth 
(Table 1). 

The significant difference (Table 2) between percentages 
of Fep and those of Feox (Fep negatively correlated with 
Feox, r = -0.48628**) and Fed (Fep negatively correlated 
with Fed, r = -0.08477) suggested a shift towards inorgan-
ic, pedogenic phases, at the expense of organically bound 
phase (Jersak et al., 1992). However, Seal et al. (2006) 
submitted that there is probably no precise differentiation 
between crystalline and non-crystalline material. Content 
of Feox was lower than those of Fed in their corresponding 
horizons in soil individuals SI1, SI2 and SI3 and could be 
attributed to the well-developed soils subjected to continu-
ous cultivation, which promoted soil Fed production and 
retarded the formation of Feox (Chi et al., 2010). However, 
the content of Feox was higher than those recorded for Fed 
in their corresponding horizons in SI4 and SI5 (Table 1). 
This could imply that Feox in SI4 and SI5 were aged, crys-
tallized and influenced petroplinthite formation in these 
soils.  

The percent mean values of Feox content of the surface 
soils were lower than those obtained at the subsurface soils 
(except soil individual SI1 soils), and the differences were 
not significant at 5 % level of probability. Percent mean 
values between soil individuals when compared showed 
the proportion of Feox in SI1 to be significantly higher than 
that in soils of SI2 (p < 0.01) and SI3 (p < 0.05); and SI5 
also varied significantly with SI2 (p < 0.05). Soils of SI2, 
SI3 and SI4 were statistically at par. The observed order 
SI2 < SI3 < SI4 < SI5 < SI1 implies the soil individuals' 
pedogenic advancement. The significantly positive corre-
lation values obtained between Feox with pH CaCl2 (r = 
0.37093*) implies that Feox contributed more to the soil's 
acidity more at the colloidal fraction and its consequent 
inverse proportional distribution with base saturation (r = -
0.10112) is suggestive of the amorphous form being low 
in inherent fertility and indicating the soils are in their 
advanced stage. 

Total free iron oxide or citrate–bicarbonate–dithionite 
(CBD) extractable iron (Fed) was found to vary between 
5.60 and 8.34 (mean, 6.97), 0.44 and 0.81 (mean, 0.63), 
0.75 and 0.76 (mean, 0.76), 0.20 and 0.71 (mean, 0.45), 
0.25 and 0.26 (mean, 0.25) % in the surface horizons of 
SI1, SI2, SI3, SI4 and SI5 respectively. The corresponding 
subsoil horizon values varied between 0.88 and 8.14 
(mean, 3.26), 0.53 and 1.07 (mean, 0.73), 0.73 and 0.90 
(mean, 0.83), 0.44 and 0.44 (mean, 0.44), 0.31 and 0.56 
(mean, 0.40) % (Table 1). Proportion of Fed in the surface 
(Ap) horizons were found to be statistically similar (P > 
0.05) to the subsoil horizons in all the soil individuals. 
However, proportion of Fed in SI1 was significantly higher 
(P < 0.001) than those of SI2, SI3, SI4 and SI5. There was 
no significant difference between the means of soil indi-
viduals SI2, SI3, SI4 and SI5, though the mean percent-
ages varied in the decreasing order of SI3 (mean, 0.81 %) 
> SI2 (0.70 %) > SI4 (0.45 %) > SI5 (0.35 %). 

Contents of the Fed were higher than those of the Fep and 
Feox contents, implying that total free iron oxide consti-
tutes the largest proportion of Fe's three forms of oxides. It 
indicates Fe present in the soil are free discrete bodies (i.e. 
crystalline) and not part of the structure of silicate miner-
als (Obi et al., 2009). However, Olatunji et al., (2015) 
opined that free discrete bodies collectively referred to as 
uncombined or pedogenic free forms of the element could 
either be mobile (amorphous) or immobile (crystalline). Its 
distribution pattern in all the soil individuals generally 
showed an increase in content with pedal depth. Its values 
were mostly highest in the B horizons (except SI4 and SI5) 
of the profiles, suggesting intense weathering or illuvial 
accumulation. Similar distribution pattern with clay and 
positive correlation (Table 2) with clay (r = 0.12732) and 
silt (r = 0.05542) fractions was noticed in most of the soil 
profiles, implying an association of Fed with finer fraction 
in the soils as buttressed by its negative correlation values 
obtained between Fed with sand (r = -0.13258, p > 0.05), 
bulk density (r = -0.12288, p > 0.05) and Fep (r = -
0.08477, p > 0.05). Choudhari (1987) attributed this phe-
nomenon to adsorption of electro-positively charged Fe 
ions released during weathering under the clay particles' 
oxidising environment. The significantly negative correla-
tion values (Table 2) obtained between Fed with organic 
carbon (r = -0.47113**), total nitrogen (r = -0.28549*) and 
available phosphorus (r = -0.29232) may reflect inhibitory 
effect of soil organic matter on Fe oxide (Samndi et al., 
2006). 

However, higher mean values of Feox were observed in the 
subsurface horizons of SI4 and SI5, and this could be a 
reflection of the corresponding horizon higher values of 
Fed recorded because Fed significantly correlated positive-
ly with Feox (r = 0.44915*); implying the free iron oxides 
were more in the amorphous form (Olatunji et al., 2015) 
and consequently hardened and contributed significantly to 
the petroplinthic nature of the soil individuals. The highest 
value recorded was 8.34 % (SI1P1) followed by 8.14 % 
(SI1P2) implying that the soils were more developed than 
those of SI2, SI3, SI4 and SI5 as this was buttressed by 
their deep depth (Table 1). Several workers used these 
forms of Fe oxides to explain the ageing/development and 
crystalline characteristics of soils (Huang et al., 1977; Juo, 
1981; Agbenin and Tiessen, 1995; Raji et al., 2000; 
Akinbola, 2001; Maniyuda et al., 2014). 

The ratio of oxalate to dithionite – extractable Fe, com-
monly known as the active Fe ratio, is shown in Table 1. 
Lowest mean ratio (0.15) was observed in the most intense 
red coloured soils (SI1P2), implying that soils of this indi-
vidual were pedogenically aged and exists mainly in the 
crystalline rather than the amorphous form as the value 
was less than 0.2 reported by Blume and Schwertmann 
(1969) as the limit for young soils. The mean ratio se-
quence (SI2<SI3<SI1<SI4<SI5) indicate that SI5 had the 
highest amount of poorly ordered iron compounds than in 
crystalline (Blume and Schwertmann, 1969). This se-
quence also indicates the direction of pedogenic age of the 
soils.  

Soil individual SI1P1, SI2P2, SI3, SI4 and SI5 active Fe 
ratios were generally greater than 0.2; suggesting that the 
soils were pedogenically younger than SI1P2 and SI2P1. 
Soil individual SI5 (mean, 2.55) appeared to be the young-
est compared to other individuals; however, the soil is in 
the advanced weathering stage.  Individuals SI4 (mean, 
0.89) and SI1P1 (mean, 0.66) recorded ratios greater than 
0.5; a value of active iron ratio Maniyunda et al. (2014) 
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defined as old age or a high degree of weathering. Thus, 
soils from this individual suggest their Fe oxide ageing 
and leading to some relatively moderate degrees of crys-
tallinity. 

Higher iron reactivity indicates a lower degree of aging of 
the minerals, suggesting that the release of iron from the 
primary mineral lattice exceeded the crystallization of 
iron. The ratios were higher than those reported for red 
soils of different origins (0.01-0.08) in Southwest of Nige-
ria (Okusami et al., 1997) and this can be attributed to the 
red soils being highly weathered in their advanced stage. 
Therefore, the distinct variation in ratios between the indi-
viduals was attributed to the influence of varying miner-
alogical composition of the parent material. 

The Clay/Fed ratio is presented in Table 1. The ratios 
(mostly > 18) observed for the soil individuals (SI1, SI2, 
SI3, SI4 and SI5) were generally higher than those (mean, 
17.97) reported by Maniyunda et al. (2014) on the Older 
granites basement complex soils of Kaduna State, imply-
ing the latter were pedogenically older. The high ratios 
(mean, > 20) indicate that the soils had accumulated ap-
preciable clay content with reduced surface area as the 
crystallization of iron oxide was significantly high in the 
basement complex soils. Clay/Fed ratio was highest in SI5 
(93.57) and SI4 (91.28), indicating a seeming additional 
diagnostic property for clay accumulation zones (Okusami 
et al., 1997). Soil individual SI3 (mean ratio, < 20) record-
ed low ratios that suggest that free Fe oxides dominated 
the soils' clay sized particles. 

4.0. Conclusion 

Content of Fep progressively decreases in concentration 
down the profile in most of the pedons. Appreciable con-
tent of the oxides of Fe was in the amorphous form than in 
the organically complexed form. Contents of Fed were 
higher than those of the Fep and Feox contents indicating 
Fe present in the soil are in free discrete bodies (i.e. crys-
talline). The lowest mean ratio of oxalate to dithionite – 
extractable Fe (0.1494) was observed in the most intense 
red coloured soils (SI1P2), implying that soils of this indi-
vidual were pedogenically aged and exists mainly in the 
crystalline form. The Clay/Fed ratios (mostly > 18) ob-
served for the soil individuals (SI1, SI2, SI3, SI4 and SI5) 
were generally high, indicating that the soils had accumu-
lated appreciable content of clay with the reduced surface 
area. 
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