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bind the different soil particles (Akinbola et 
al., 2013). Particle size with free iron oxides 
has been exclusively studied at both small 
and large scales (Agbenin, 2003). Their dis-
tribution and amount in the soil are known 
to influence some soil properties such as ani-
on adsorption, surface charges, specific sur-
face area, nutrient transformation, swelling 
and aggregate formation and pollutant reten-

ABSTRACT 
The content and distribution of different forms of Iron oxides are important indicators used in describ-
ing soils. This study was conducted with the aim of evaluating the crystalline and the amorphous forms 
of Iron oxides distribution in hydromorphic soils across five different land uses (amaranth, millet, man-
go, rice and tomato) at Dadin Kowa, Gombe State. Two soil profile pits were dug in each of the identi-
fied land uses, and soil samples collected from identified genetic horizons. All soil samples collected 
were analyzed using standard laboratory procedures. The textural classes of the soils revealed loamy 
sand to sandy loam. Bulk density, particle density, total porosity and silt/clay ratio varied between 1.60 
to1.67 g/cm3, 2.57 to 2.71 g/cm3, 35.82 to 40.41% and 0.92 to 1.86, respectively. The soil reaction was 
slightly acidic to neutral (pH 6.39 – 6.68). Soil electrical conductivity (EC) for all the soil mapping units 
was below the critical limits of 4 d/Sm EC, an indication of the non-saline nature of the studied soils. 
The values for OC, TN and AP contents of the soils across land use and horizons was substantial > 10 
g/kg, and is rated medium to high, 1.1 to 1.40 g/kg, rated low to medium and 8.03 to 9.35 mg/kg, rated 
low, respectively, while the exchangeable bases were generally rated medium to high. The mean distri-
bution of forms of Fe oxides, extracted by different extracting reagents revealed the dominance of 
diotonite extractable iron (Fed) over oxalate extractable iron (Feox) and pyrophosphate extractable 
iron (Fep), while the active iron ratios was generally <0.4 but > 0.1, confirming a moderate stage of soil 
development, and the dominance of crystalline forms of Fe oxide as against the amorphous forms 
across the study area. The direction of soil development with age followed the trend; amaranth < man-
go < millet < tomato <rice.  
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INTRODUCTION 
Content and distribution of  the different 
forms of  iron oxides in soils are important 
indicators used in describing soils, not just 
the direction, but also the intensity of  
weathering or soil development. A larger 
proportion of  irons in soils exist as oxides. 
These oxides are found as iron concretions 
as well as coatings on the soil minerals or 
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tion in soils (Enya et al., 2011). Percentages 
of  free iron have long been used as aids in 
distinguishing soil types, differentiating soil 
horizons and determining soil age or degree 
of  soil development (Akinbola et al., 2013).  
 
According to Walker (1983), the origin of  
free iron oxides in soils is free iron released 
during weathering of  rocks. The released 
free irons are subsequently precipitated as 
crystalline and amorphous forms of  iron 
oxides. Ogunkunle and Onasanya (1992) 
indicated that the crystalline form of  iron 
and aluminum oxides are the dominant oxy-
hydroxides in the basement complex soils 
of  western Nigeria. The predominance of  
the crystalline forms of  sesquioxides repre-
sents a more advanced stage of  soil devel-
opment than the presence of  amorphous 
forms that is mobile in the soil and could be 
associated with organic matter (Ogunkunle 
and Onasanya, 1992). Ojanuga (1985) also 
reported that the crystalline forms of  Fe 
were goethite and hematite and occur either 
singly or in association within the hard nod-
ules and concretions in the soil environ-
ment. The level of  the crystalline form of  
Fe can thus serve as an estimate of  the de-
gree of  soil development and formation of  
hard nodules and concretions. Obi et al. 
(2009) concluded that the dominance of  
higher proportion of  the crystalline form 
of  Fe will lead to structural distortions with 
implication for anion retention which af-
fects the surface area and leads to hardness 
of  the soil. Higher crystalline Fe content 
will affect both the physical and chemical 
properties of  soils as well as their manage-
ment and land use. This study is important 
because the study area covers a large ex-
panse of  irrigable land in Gombe State. 
Therefore, this research was conducted with 
the aim of  evaluating the disposition of  
both crystalline and amorphous forms of  

iron oxides in hydromorphic soils of  Dadin 
Kowa, Gombe State, Nigeria. 
  

MATERIALS AND METHODS 
The Study Area 
The study area is at Dadin Kowa in Yamaltu 
Deba Local Government Area of  Gombe 
State. It is located between latitudes, 10° 29' 
00'' N and latitude 10° 30' 12'' E and longi-
tude 11° 50' 35'' N and latitude 11° 53' 07'' 
E, within the Northern Guinea Savannah 
ecological zone of  the country (Klinkenberg 
and Higgins, 1968). It lies at an elevation 
ranging from 184-351m above sea level 
(Ikusemoran et al., 2016), situated about 40 
km along Gombe – Biu road in the North-
ern Guinea Savanna Zone of  Nigeria. Ac-
cording to Ikusemoran et al., (2018), the geo-
logical succession of  the Dadin Kowa area, 
is underlain by the upper cretaceous rocks of  
marine sediments. The sediments are pre-
dominantly argillaceous and consist of  alter-
nating shale and limestone with sandy mud-
stones, siltstones and sandstones respectively 
(Ikusemoran et al., 2018). The remnants of  
these included materials form the major 
components of  the resultant soils. These 
inclusions are either decreased or increased 
with depths or are uniformly distributed. 
The climate of  the area is that of  the semi-
arid type characterized by wide seasonal and 
diurnal temperature ranges with two main 
seasons: rainy season (April-October) and 
dry season (November to March) (Abubakar, 
2013).  Average annual rainfall is put at about 
1000 mm, with the greater part falling be-
tween July and October (UBRDA, 2018).  
April is usually the hottest month (maximum 
temperature being 39°C) while December 
and January have the lowest temperature, 
averaging 16°C (UBRDA, 2018). 
  
Field Methods 
Five (5) extensively cultivated farms/

 21 J. Nat. Sci. Engr. & Tech. 2022,21(1&2):20-36 



 CRYSTALLINE AND AMORPHOUS FORMS OF IRON (FE) OXIDES….  

orchards were identified and mapped as soil 
mapping units; they are tomato (TMT), am-
aranth (AMR), mango (MNG), millet 
(MLT) and rice (RCE). To achieve the ob-
jectives of  the study, two soil profile pits 
were dug on each of  the 5 mapping units 
identified, and soil samples from each rec-
ognizable pedogenic horizon from each of  
the dug profile pits were collected, stored, 
and tagged in polythene bags for laboratory 
analysis.  
 
Laboratory Analysis 
Particle-size fractions were determined us-
ing the Bouyoucos hydrometer method 
(Gee and Bauder, 1986). Soil pH was deter-
mined in 1:2 water ratio using a glass elec-
trode pH metre (Page et al., 1982). Determi-
nation of  Organic carbon, and Total nitro-
gen were done by the wet oxidation method 
and regular micro-kjeldal method respec-
tively. Available phosphorus was determined 
using the Bray 1 method. Extraction of  
DCB extractable Fe (Fed) was carried out 
according to the procedure of  Mehra and 
Jacson (1960) while the oxalate extractable 
iron (Feox) were extracted with Oxalic acid 
according to the procedure of  Mckeague 
(1966). 
 
Data Analysis  
The data obtained from the study were sub-
jected to descriptive statistics to assess the 
soil properties. Mean differences in proper-
ties between soils developed across differ-
ent land use systems (LUS) and between 
horizons were analyzed using two-way anal-
ysis of  variance (ANOVA).  
 

RESULTS AND DISCUSSION 
Physical Properties 
The total mean sand content across LUS 
and depths ranged from 73.38-84.8%, and 
is the predominant soil particle (Table 1).  

This observation of  sand fraction predomi-
nance in this study is consistent with the 
findings of  Askira et al. (2019). Onweremadu 
et al. (2011) attributed the high sand content 
to the nature of  parent material. The highly 
significant (p<0.01) variation in mean sand 
distribution across land use could be related 
to the secondary products of  weathering 
(Brady and Weil, 2013). 
 
The significantly (p<0.01) higher variation in 
mean sand fraction in the surface soil over 
the subsurface soil might be attributed to 
pedogenic processes such as lessivage, eluvi-
ations and illuviation (Ojetade et al., 2014). 
Silt particle mean values ranged from 7.8-
14.04% across the different LUS and depths 
(Table 1). A notable feature in all the soils 
studied is their high silt content. Nsor and 
Uhie (2016) and Askira et al. (2019) reported 
higher silt content in their various studies. 
The high silt content obtained in this study 
could be attributed to the nature of  parent 
material and stage of  soil development 
(Maniyunda, 1999). There was a highly sig-
nificant (p<0.001) difference in silt content 
between the different land uses. The high 
mean content of  silt recorded in soils under 
rice, tomato and amaranth, could be attribut-
ed to the received fine colluvial and alluvial 
sediments from the upper slope positions 
through erosion and deposition (Maniyunda 
and Gwari, 2014). There was no significant 
(P>0.05) variation in mean silt content with 
depth. Clay mean content ranged from 6.58-
9.91% across LUS and depths. The result for 
particle size distribution showed that per-
centage clay content was lowest when com-
pared to sand and silt, in all the studied soils. 
Such low values of  clay content as obtained 
in this study, agrees with the findings of  
Akintoye et al. (2012) and Akpan et al. (2017), 
from similar soils.  The value of  mean clay 
content differed significantly (p<0.05) across 
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the different land uses (Table 1). The signif-
icant variation in clay distribution obtained 
could be related to the pedogenic processes 
such as lessivage, eluviations and illuviation 
(Ojetade et al., 2014).  
 

There was a highly significant (p<0.001) dif-
ference in mean clay content between the 
horizons, which increased with increasing 
depth. This trend was in conformity with 
earlier reports of  Ojetade et al. (2014) and 
Fekadu, et al. (2018), Brady and Weil (2013) 

 23 

LSD 
(p<0.05) 

5.23 4.07 1.95  0.04 0.12 2.72 0.46 

LOS ** *** *  * * * ** 

Soil Hori-
zon 

        

Surface 81.78a 11.04 7.18b Loamy sand 1.64a 2.61 37.03 1.54 

Subsurface 77.03b 13.42 9.54a Sandy loam 1.60b 2.61 38.50 1.49 

LSD
(p<0.05) 

3.31 2.57 1.23  0.02 0.08 1.72 0.29 

LOS ** NS ***  ** NS NS NS 

LOS (Level of  significant) (p): NS (Not Significant) > 0.05, * < 0.05, ** < 0.01, *** < 
0.001, BD= bulk density, PD= particle density, TP= total porosity 
Note: Means followed by the same letters in the column are not significantly different at 
5% LOS 

Table 1: Physical properties of  soils across the different land uses and horizons 

 Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Soil  
Texture 

BD  
(g/cm3) 

PD  
(g/cm3) 

TP  
(g/cm3) 

Silt/
Clay 
(%) 

Land  
Uses 

        

Amaranth 77.36bc 14.00a 8.64ab Sandy loam  1.61b 2.71a 40.41a 1.66a 

Millet 83.12ab 7.80b 9.07a Loamy sand  1.61b 2.57ab 37.14ab 0.92b 

Mango 84.80a 8.62b 6.58c Loamy sand  1.67a 2.64a 36.76ab 1.45a 

Rice 73.38c 16.70a 9.91a Sandy loam  1.60b 2.48b 35.82b 1.68a 

Tomato 78.36bc 14.04a 7.60ab Loamy sand  1.63b 2.66a 38.70ab 1.86a 
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attributed the increase in clay content with 
depth, to the fact that some of  the clay par-
ticles in the top soil may have been removed 
by run-offs, and some still move down-
wards through other processes such as illu-
viation or a combination of  both processes 
while Yitbarek et al. (2016) and Kebede et al. 
(2017) noted that higher clay content in the 
B horizon of  soils is as a result of  predomi-
nant in situ pedogenetic formation of  clay 
in the subsoil, and destruction of  clay in the 
surface horizon. Soil texture across map-
ping units revealed occurrence of  loamy 
sand and sandy loam particles, which cor-
roborated earlier report by Salem et al. 
(2017). Soil texture is an important soil 
physical property which affects water hold-
ing capacity, nutrient retention capacity, or-
ganic matter content and soil aeration 
(Kefas et al., 2016). Several researches have 
linked soil texture to the nature of  parent 
materials from which the soils were derived 
and also to the rate and nature of  some 
weathering processes (Ahukaemere et al., 
2012). The mean data in bulk density (BD) 
values across the different land use systems 
(LUS) and depths ranged from 1.60-1.67 g/
cm3. The values for bulk density obtained in 
this study are within the range reported in 
earlier studies by Ande et al. (2016) with val-
ues of  1.11 to 1.98 g/cm3 from floodplain 
soils in Southern Guinea Savanna of  North 
Central Nigeria. There was an observed sig-
nificant variation (p<0.05) in mean bulk 
density values, between the land uses (Table 
1). The highest value for BD recorded for 
soils under mango cultivation could be at-
tributed to high intensity of  livestock graz-
ing (Raji et al., 1996). There was also a high-
ly significant variation (p<0.01) across soil 
depths, with the surface horizons having a 
higher value. Findings by Zata et al. (2010) 
following a detailed soil survey and charac-
terization of  some Usterts in Northeastern 

Nigeria, also corroborate this finding. The 
relatively high mean values of  the bulk den-
sity on the surface horizon could be attribut-
ed to compaction due to high intensity of  
livestock grazing (Raji et al., 1996). The mean 
BD values obtained in these studies are con-
sidered to be generally safe for plants’ root 
penetration as this might be hindered in soils 
having a bulk density value >1.75 g/cm3 
(Ashenafi et al., 2010). Donahue et al. (1990) 
pointed out that plant growth is best at soil 
bulk densities below 1.40 g/cm3 for Clay, 
and 1.60 g/cm3 for Sandy soils. Results 
(Table 1) show that mean particle density 
(PD) values ranged from 2.57 -2.71 g/cm3 
indicating that quartz, feldspar, micas and 
the colloidal silicates with densities between 
2.60- 2.75 g/cm3 forms the major portion of  
minerals in the study area (Brady and Weil, 
2013).  The mean value of  PD differed sig-
nificantly (p<0.05) across the different land 
uses, while there was no significant (p>0.05) 
difference in mean particle density with 
depth. Generally, the values of  particle den-
sity recorded in this study (< 2.75 g/cm3) 
were considered satisfactory (Kachinskii, 
1965) for plant growth. The mean value for 
Total Porosity (TP) values of  the studied 
soils across land uses and depths ranged 
from 35.82 to 40.41%, indicating that the 
values recorded are low. Similar low porosity 
values were reported by Ogban and Utin 
(2015) and Akpan et al. (2017) for some soils 
while working on wetland and coastal plain 
soils, respectively, in Calabar, Cross River 
State, Nigeria. Therefore, porosity is a limit-
ing factor in the present study (Kachinskii, 
1965). There was a significant (p<0.05) varia-
tion in mean porosity values with respect to 
land use. The significantly (p<0.05) higher 
mean porosity value recorded for the Ama-
ranth land use may be attributed to loosening 
of  soil materials by plant roots and during 
cultivation of  the soil (Ahukaemere and Ak-
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pan, 2012). Brady and Weil (2008) stated 
that optimum total pore space value for 
crop production is >50%. The subsurface 
horizon (38.50%) is not significantly 
(p>0.05) different from the surface horizon 
(37.03%). Incorporation of  organic manure 
to the soils will decrease the soil bulk densi-
ty and ultimately increase the percentage 
pore distribution, thereby enhancing the soil 
physical condition for optimum crop pro-
duction and food security (Hassan and 
Shuaibu, 2006). The mean range in values 
for silt to clay ratio across LUS and depths 
ranged from 0.92-1.86 in the studied soils. 
The silt/clay ratio (SCR) is an index for ex-
tent of  weathering as noted by Olehge and 
Chokor, (2014). “Old” parent materials usu-
ally have a silt/clay ratio below 0.15 while 
silt/clay ratios above 0.15 are indicative of  
“young” parent materials (Van Wambeke, 
1962). Results in this study show that, all 
the soils have silt/clay ratio above 0.15 indi-
cating that the soils are relatively young with 
high weathering potential, which is similar 
to reports by Ajiboye et al. (2015) and 
Osujieke, et al. (2017). There was a highly 
significant (p<0.01) variation in mean silt/
clay ratios across land uses. The land under 
millet cultivation recorded the lowest value 
of  0.92, which is an indication that the soil 
is older, compared to other land uses. There 
was no significant (p>0.05) variation in 
mean Silt/clay ratio across soil depths.  

Chemical properties 
Generally, soil pH is a major driver of  soil 
fertility (Brady and Weil, 2013). The mean 
soil pH values determined in water [pH 
(H2O)] across land uses and horizons ranged 
from 6.39 to 6.68 (Table 2) which is rated as 
slightly acidic to neutral in reaction (Malgwi, 
2007). The low pH values recorded in this 
study are similar to those earlier reported 
(Abagyeh et al., 2017; Okoli et al., 2017; Feka-
du et al., 2018). The acidic condition of  the 
soils under study could be attributable to 
higher leaching process (Brady and Weil, 
2013). There was no observed significant 
(p>0.05) variation in mean pH values across 
the different land uses. However, there was 
an observed significant (p<0.05) variation in 
mean pH values across depth. The increased 
pH values with soil depth might be due to 
less H+ ions released from low organic mat-
ter (OM) decomposition, which is due to 
decreased OM content with depth (Abay and 
Sheleme, 2012). However, Akpan et al. (2017) 
attributed this finding to excessive leaching 
of  basic cations from the surface to the sub-
surface horizons (Table 2). The electrical 
conductivity (EC) of  a soil solution is a good 
indicator of  the degree of  salinity of  the soil 
(Brady and Weil, 2013). The mean EC values 
across LUS and depths ranged from EC 0.12
-0.22 d/sm, which were found to be below 
the critical limits of  4 d/sm to be described 
saline soils (FAO, 1993).  
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The entire soil mapping units recorded low 
EC values which are an indication of  the 
non-saline nature of  the studied soils 
(Malgwi, 2007). Such low EC values ob-
tained in this study is in line with the earlier 
findings by Egwu et al. (2018) and Imado-

jemu et al. (2018). The low electrical conduc-
tivity (EC) values recorded in the study area 
might be attributed to the sandy nature of  
the parent materials (Imadojemu et al., 2018). 
The EC mean values recorded for the stud-
ied soils indicated that soils under amaranth 
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LSD 
(p<0.05) 

0.22 0.05 0.24 0.02 0.50 1.21 0.73 0.14 

LOS NS * * * *** NS NS ** 

Soil Hori-
zon 

        

Surface 6.47b 0.16 15.01a 1.3a 9.03a 2.41b 1.14b 0.50 

Subsurface 6.61a 0.19 12.83b 1.1b 8.19b 3.31a 1.67a 0.47 

LSD 
(p<0.05) 

0.14 0.03 0.15 0.01 0.32 0.77 0.46 0.09 

LOS * NS ** ** *** * * NS 

0.03 

NS 

 

0.52a 

0.50b 

0.02 

* 

LOS (Level of  significant) (p): NS (Not Significant) > 0.05, * < 0.05, ** < 0.01, *** < 
0.001, EC=electrical conductivity, OC=organic carbon, TN=total nitrogen, AP=available 
phosphorus, Ca=calcium, Mg=magnesium, Na=sodium, K=potassium 
Note: Means followed by the same letters in the column are not significantly different at 
5% LOS 

Table 1: Physical properties of  soils across the different land uses and horizons 

 pH 
(1:2) 

EC  
(d/sm) 

OC  
(g/kg) 

TN  
(g/kg) 

AP  
(mg/
kg) 

Ca 
(cmol
/kg) 

Mg 
(cmol
/kg) 

Na 
(cmol/

kg) 

Land  
Uses 

        

Amaranth 6.68 0.22a 16.02a 1.4a 9.35a 2.79 1.40 0.55a 

Millet 6.39 0.12b 12.25b 1.1b 8.86ab 2.54 1.23 0.52a 

Mango 6.47 0.20a 12.57b 1.1b 8.36bc 2.81 1.38 0.49a 

Rice 6.53 0.15ab 15.20ab 1.3ab 8.03c 3.30 1.71 0.29b 

Tomato 6.64 0.18ab 13.55ab 1.2ab 8.43bc 2.84 1.31 0.55a 

K 
(cmol
/kg) 

 

0.52 

0.53 

0.49 

0.51 

0.50 
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and mango cultivation had significantly 
(p<0.05) higher values compared to the 
other land uses. However, there was no sig-
nificant (p>0.05) variation between the soil 
horizons. The mean organic carbon (OC) 
content across LUS and soil horizons 
ranged from 12.25-16.02 g/kg (Table 2). 
The mean values of  the OC content of  
soils across land use and horizons is sub-
stantial (> 10g/kg) and is rated medium to 
high (Malgwi, 2007). This finding is contra-
ry to earlier report of  low OC content for 
soils in the Savanna zones of  Nigeria 
(Salem, et al., 2018). Soils under amaranth 
cultivation, in comparisons to others was 
observed to be statistically (p<0.05) higher 
in mean OC content. The high content of  
organic matter in the soil mapping unit of  
amaranth may be attributed to short grow-
ing season and regular addition of  farm 
yard manure which causes a relative accu-
mulation of  organic matter, reduced micro-
bial activities and less frequent and less se-
vere translocation of  mineralized products 
at the start of  the rains (Esu, 1982). The 
organic carbon content of  soils obtained 
across horizons was highly (p<0.01) differ-
ent indicating a consistent decrease with 
increased soil depth. This trend corrobo-
rates earlier findings of  (Abagyeh et al. 
(2017) and Fekadu et al. (2018). The de-
crease in OC content with soil depth may 
be attributed to immobilization of  organic 
matter by the clay in the surface horizons in 
forms of  organo-clay-complexes (Shobayo, 
2010). The mean total nitrogen values for 
the studied soils, across the various land 
uses and horizons ranged from 1.1 to 1.4 g/
kg (Table 2) and are rated low to medium in 
accordance with Malgwi (2007). Similar val-
ues have been reported for soils in the 
Northern Guinea Savanna Zone of  Nigeria 
(Egwu et al., 2018). Also, low total nitrogen 
(TN) in soils has been reported by Salem et 

al. (2017). The low to medium level of  TN 
obtained in this study could be attributed to 
its’ mobile nature in soils. As a result its loss-
es through various mechanism like ammonia 
volatilization, succeeding denitrification, 
chemical and microbial fixation, leaching and 
runoffs, all result in low residual/available N 
in soils (Awanish et al., 2014 and Akpan et al., 
2017). Soils under amaranth cultivation was 
significantly (p<0.05) higher in mean TN 
content compared to other land uses and this 
may be related to the higher level of  OC in 
the land use system. Lawal et al. (2012) had 
reported that organic matter content ac-
counts for between 90 and 98 % of  soil ni-
trogen. There was also a significant (p<0.01) 
higher TN at the surface than the subsurface 
horizons. Such finding was similar to earlier 
reports of  Abagyeh et al. (2017), Okoli et al. 
(2017) and Fekadu et al. (2018). The higher 
TN recorded in the surface soil of  the flood-
plain may be related to the relatively higher 
organic carbon content on the surface in the 
studied soils. The mean available phosphorus 
(AP) content of  the soils across land uses 
and profile depths, ranged from 8.03 to 9.35 
mg/kg and was substantially found to be low 
(Malgwi, 2007). Such low AP values were 
earlier reported by Osujieke et al., (2017) and 
could be due to fixation, as a result of  the 
acidic condition of  the soils under study 
(Fekadu et al., 2018). The mean value of  AP 
recorded for the soil under amaranth cultiva-
tion was highly significantly higher (p<0.001) 
than under millet, mango, rice and tomato 
cultivations. The higher AP values recorded 
for the soil under amaranth cultivation could 
be attributed to addition of  phosphorous 
containing fertilizers to boost crop yields and 
high organic matter that subsequently accrue 
to the soil (Sai Kumar et al., 2013). The ex-
changeable bases in the soils occurred in the 
order Ca>Mg>Na>K (Table 2), which is in 
line with earlier reports for soils under irriga-
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tion (Esu, 1982). The mean values of  calci-
um (Ca) across the different sampling units 
and depth ranged from 2.41 to 3.31 cmol 
(+)/kg and is rated medium to high accord-
ing to Malgwi, (2007) rating scale. This rat-
ing may be attributed to the inherent Ca 
content of  the soil dictated by the parent 
material (Havlin et al., 1999). Even though, 
there was no significant (p>0.05) difference 
in mean Ca content between the different 
land uses, the subsurface horizon recorded 
a significantly (p<0.05) higher value than 
the surface horizon; this result was similar 
to the earlier findings of  Shobayo (2010). 
Fekadu, et al. (2018) attributed the accumu-
lation of  Ca with soil depth to leaching and 
might also be attributed to mining of  Ca by 
plants from the rooting zone. Magnesium 
(Mg) is the second most dominant extracta-
ble cation on the exchange complex of  the 
studied profiles. The mean values of  ex-
changeable Mg content in the soils across 
the various sampling units and depth ranged 
from 1.14 to 1.71 cmol (+)/kg soil, and was 
rated medium to high (Malgwi, 2007). Og-
bodo, (2011), also encountered high Mg soil 
content in his assessment of  some soil fer-
tility characteristics of  Abakaliki Urban 
Floodplains in South-Eastern Nigeria. The 
seeming medium to high value of  Mg con-
tent could be related to the calcareous na-
ture of  the parent material (Havlin et al., 
1999). The soils in the study area showed 
no significant (p>0.05) difference in Mg 
content across the different land uses. How-
ever, the subsurface horizon was significant-
ly (p<0.05) higher in mean Mg content, 
which might be due to higher leaching loss-
es from this horizon (Brady and Weil, 
2013). The mean values for exchangeable 
sodium (Na) in the soils ranged from 0.29 
to 0.55 cmol (+)/kg soil and were substan-
tially rated high as per rating scale by Mal-
gwi (2007). Similar values had earlier been 

reported by Ogbodo (2011) who also, at-
tributed this high value to deposition of  salts 
on the soil as the flood water receded, leav-
ing salt crusts and crystals upon evaporation. 
Babalola et al. (2011) however, attributed it to 
the nature of  parent material (colluvia and 
alluvia) and use of  low quality water for irri-
gation. Soils under rice cultivation recorded a 
highly significantly (p<0.01) lower Na con-
tent which could be attributed to higher 
leaching losses. However, there was no sig-
nificant (p>0.05) variation in mean sodium 
content across the soil depth. The mean ex-
changeable potassium (K) values between 
sampling units and soil horizons ranged 
from 0.49 to 0.53 cmol (+)/kg and were rat-
ed high (Malgwi, 2007). Salem, et al. (2018) 
also reported high K values while assessing 
variations in the soil exchangeable bases 
along toposequences, in Gombe State, Nige-
ria. There was no observed significant 
(p>0.05) difference in mean K content be-
tween the various land uses. However, the 
surface horizon recorded a significantly 
(p<0.05) higher mean K content across 
depth which was similar to the findings of  
Adisa et al. (2016), and attributed to more 
intense weathering, release of  labile K from 
organic residue and application of  chemical 
fertilizers containing K (Sai Kumar et al., 
2013). 
  
Pedogenic forms of  Iron (Fe) oxides 
The values of  the amorphous form of  iron 
oxide (Feox) across land uses and horizons 
ranged from 2.07 to 3.82 g/kg (Table 3). 
These values were higher than those report-
ed by Maniyunda and Raji, (2017), even 
though they are generally regarded as low. 
Osayande et al. (2016) attributed low values 
of  Feox in soils to less weathered soils as the 
parent materials contain very high weathera-
ble minerals. It is also observed in this study 
that, both land use and soil depth did not 
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significantly (p>0.05) influence the variabil-
ity of  the mean Feox distribution (Table 3). 
Osodeke et al. (2005) also reported similar 
observation while assessing the Sesquiox-
ides distribution along a toposequence in 
Umudike area of  Southeastern Nigeria. 

However, the crystalline form of  iron oxide 
(Fed) mean content for the studied soils 
across land uses and horizons ranged from 
10.25 to 13.98 g/kg, which falls within the 
values earlier reported by Ajiboye et al. 
(2015) and Maniyunda and Raji (2017).  
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  Feox (g/kg) Fed (g/kg) Fep (g/kg) Feox/Fed (g/kg) 

Land Uses         

Amaranth 3.82 10.84c 0.76    0.36 

Millet 2.07 10.25c 0.76    0.21 

Mango 3.29 12.76b 0.58    0.26 

Rice 2.42 13.98a 0.71    0.18 

Tomato 3.33 12.77b 0.43    0.24 

LSD (p<0.05) 2.23 0.88 0.30    0.19 

LOS NS *** NS    NS 

Soil Horizon         

Surface 3.32 12.38 0.64    0.28 

Subsurface 2.65 11.86 0.65    0.22 

LSD (p<0.05) 1.41 0.55 0.19    0.12 

LOS NS NS NS    NS 

 Table 3: Pedological forms of  iron oxides, across different land uses and horizons 

LOS (Level of  significant) (p): NS (Not Significant) > 0.05, * < 0.05, ** < 0.01, *** < 
0.001, Feox=oxalate extractable iron, Fed=diotonite extractable iron, Fep=pyrophosphate 
extractable iron 
Note: Means followed by the same letters in the column are not significantly different at 5% 
LOS 

Soils under rice cultivation recorded a high-
er (p<0.001) soil content of  Fed and this 
might be attributed to abundance of  ferro-
magnesian minerals (Maniyunda and Raji, 
2017) or an advanced stage of  pedological 
process. There was an observed increase in 
soil mean Fed content with depth which 

was similar to the trend that was also ob-
served by Ajiboye et al. (2015) and Maniyun-
da and Raji (2017). This trend could be at-
tributed to co - translocation of  Fe with clay 
from surface to subsoil horizons through 
elluviation-illuviation processes (Jelic et al., 
2011). Maniyunda and Raji (2017) had re-
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ported a significant positive correlation be-
tween Fed and clay which further affirm 
this process.The values for crystalline form 
of  Fe (Fed) obtained in this study was high-
er than the amorphous form (Feox) in the 
studied soils; an observation corroborated 
by the findings of  Osayande et al. (2016) 
and Maniyunda and Raji (2017) while as-
sessing the profile distribution of  crystalline 
and amorphous sesquioxides in their vari-
ous studies. The higher values of  Fed com-
pared to Feox was an indication that a con-
siderable fraction of  Fe may be present in 
crystalline form. According to Seal, et al. 
(2006), high temperature condition and the 
prolonged dry season as is characteristic of  
the study area, may be responsible for high-
er amount of  crystalline Fe fraction in soils. 
The mean values for soil Fep content rec-
orded across land uses and horizons for the 
studied soils ranged from 0.43 to 0.76 g/kg 
(Table 3). The values of  Fep obtained in 
this study were lower than the range earlier 
reported in established forest in the South-
ern Guinea Savanna zone of  Nigeria 
(Samndi et al., 2006). The general low ex-
tractable values of  Fep might be attributed 
to well drained condition of  the soils which 
had been noted to promote strong weather-
ing and crystallization of  Fep in soils 
(Hassan et al., 2004).  
 
Active iron ratio (Feox/Fed) 
Active iron ratio is defined as the amor-
phous form divided by the crystalline form 
of  iron oxide (Feox/Fed), and has been 
used in evaluating soil development and 
weathering (Omenihu et al., 1994). It indi-
cates the reactivity of  sesquioxides and the 
relative amounts of  the amorphous and the 
crystalline oxides in a soil (Omenihu et al., 
1994) and classifying soils into well drained 
and poorly drained conditions (Stonehouse 
and Amaud, 1971). The mean data for ac-

tive iron ratio across land uses and horizons 
ranged from 0.18 to 0.36 (Table 3). The val-
ues obtained in this study are within the 
range earlier reported (Camêlo et al., 2017). 
The obtained range of  active iron ratios was 
found to be low (<0.4) across all the land use 
systems, an indication that the soils of  the 
study area were generally young soils. Ac-
cording to Mahaney et al., (1991), soils with 
high ratios were younger soils, whereas low 
ratios are indicative of  older soils. The high-
er mean active Fe ratio of  0.36 and 0.28 rec-
orded in soils under amaranth production 
and the surface horizon, respectively, suggest 
that the soils were relatively less weathered 
when compared to other land uses and the 
subsurface horizon. Active iron ratio is also 
an index used in describing the proportion 
of  the amorphous and crystalline iron con-
tents of  soils (Obi et al., 2009). The values of  
active iron ratios (Feox/Fed) (<0.4) obtained 
confirmed that most of  the Fe in the soils in 
this study was in the crystalline rather than 
the amorphous forms. The values further 
suggest that the degree of  crystallinity of  the 
Fe fraction is higher than those reported by 
Obi et al. (2009) for some basement complex 
soils in Southeastern Nigeria. 
 
As for drainage condition, the soils under 
amaranth cultivation with 0.36 active iron 
ratio is classified as poorly drained, while 
soils under mango, tomato, millet and rice 
cultivation which recorded 0.26, 0.24, 0.21 
and 0.18 active iron ratios, respectively are 
well drained. According to Stonehouse and 
Amaud (1971), soils with active iron ratio of  
higher than 0.35 are poorly drained, while 
well drained soils have values lower than 
0.35. 

CONCLUSION AND  
RECOMMENDATIONS 

Based on the above results the silt/clay ratio, 
different forms of  iron oxides, Feox/Fed 
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and the disposition of  crystalline and amor-
phous forms of  Fe all gave a consistent in-
formation on the the stage of  development 
of  the studied soils. The higher values of  
Fed as compared to Feox and Fep and the 
generally low active iron ratios of  (<0.4) 
obtained is an indication of  the predomi-
nance of  the crystalline forms as against the 
amorphous forms of  Fe, which is indicative 
of  an early stage of  development of  the 
soils, while the direction of  soil develop-
ment with increase in age followed the 
trend; amaranth < mango < millet < toma-
to <rice. The general agronomic constraints 
of  the soils were low nutrient reserve, acidic 
reaction and high P fixation conditions. Ef-
fective management practices such as peri-
odic monitoring of  soil quality, addition of  
organic manure and guided inorganic ferti-
lizer use are recommended for sustainable 
agricultural productivity of  the soils.  
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