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Abstract: Assessing soil properties and providing information on their variability is critical to understanding the potential of 

soils and their response to agricultural management. This study investigated the variations in soil morphological, physical and 

chemical properties along a toposequence in Ipinu-Oju, Benue State. A total of 16 soil samples were collected along altitudinal 

transect ranging from 160m to 201m. The transect was divided in four slope positions: Crest, upper, middle, and toe slope 

positions, each with different floristic composition and structure. The collected soil samples were analyzed for morphological, 

physical and chemical properties using standard field and laboratory procedures. The laboratory results were then analyzed 

using ANOVA. The results showed a strong relationship between topography and certain soil properties. A transition from 

yellowish to grayish soil color was observed from the upper slope to the lower slope areas. In addition, soil depth and structure 

improved downslope. Topography significantly influenced chemical and physical properties, including sand, clay, silt, pH, total 

nitrogen, organic carbon and matter, available phosphorus, potassium, sodium, exchange acidity, cation exchange capacity, and 

base saturation. Based on the USDA Soil Taxonomy and the World Reference Base, soil units I, III, and IV were classified as 

Arenic Haplustalfs and Eutric Lixisols, while soil unit II was classified as Eutric Haplustalfs and Eutric Leptisols. These 

differences in soil characteristics not only affect crop selection, but also present unique management challenges. Upland soils 

face issues such as surface runoff, erosion and water retention as their main management problems, while lowland soils do not 

have significant management problems. Over all, this study highlights the importance of considering soil variability and the 

influence of topography on soil properties. Understanding these variations can help in making informed decisions regarding 

soil management and agricultural practices. 

Keywords: Topography, Topo Sequence, Soil Morphology, Soil Physical and Chemical Properties, Land Use,  

Soil Classification 

 

1. Introduction 

The relationship between topography and soil 

characteristics has long been recognized as a critical factor 

influencing land use decisions and agricultural productivity. 

According to [1], understanding how topographic features 

shape soil properties is essential for sustainable land 

management and optimization of agricultural practices. 

Variations in soil characteristics, which are primarily 

influenced by climate, are controlled by slope and aspect. 

Topography, as one of the soils forming factors, causes 

changes in the morphological and physicochemical properties 

of soils in agricultural landscapes as one moves from ridge 

positions to valley bottoms [2]. The topography of a 

landscape can influences soil biomass, incoming solar 

radiation, soil physicochemical properties, and precipitation, 

which affect crop production. While soil properties such as 

bulk density, temperature, and clay particle size decrease 
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with increasing elevation, deposition and accumulation of 

soil organic carbon and moisture are usually higher in 

floodplains [3]. Topography not only contributes to the 

variation in soil properties, but also determines the types of 

crops that can be grown in different landscapes. The removal 

and redistribution of weathered materials, primarily caused 

by erosion effects, leading to variations in soil nutrient 

composition in different landscapes, is determined by 

topography [4, 5]. Understanding the contribution of 

topography in the agricultural landscape will help in 

quantifying the fertility and productivity of such soils, which 

will subsequently lead to better soil conservation 

development strategies that can eliminate uniform soil 

management resulting in uneven application of inputs in the 

agricultural landscape located on topography [6]. Good land 

management planning is key to achieving sustainable 

agriculture. Therefore, studying soil morphological and 

physiochemical properties in relation to slope will provide 

basic soil management information needed for crop 

production [7]. Variations in soil properties can be attributed 

to the flow of water from upslope to downslope, which 

causes the removal, transport, deposition, and accumulation 

of weathered materials [8, 9]. While clay particles are 

transported further down the slope during runoff, sand 

particles in soil solution are first removed and deposited in 

the upper slope. The influence of topography on soil 

properties is mediated by two main processes. While many 

attempts have been made to understand the factors 

responsible for the spatial distribution of soils in Ipinu-Oju, 

Benue, little attention is given to the contribution of 

topography to soil morphological and physicochemical 

properties and their potential implications for crop 

production. This Study was therefore carried out to 

investigate the effects of topography on soil morphological 

and physicochemical properties along the Oju-Benue 

toposequence and their implications for crop production. 

2. Materials and Methods 

2.1. Study Area 

The study was carried out along a transect at the latitudes 6
o
 

N and 6
o
 30’ N and longitudes 8

o
 and 8

o
 30’ E (see Figure 1) in 

Ipinu-Oju which is located in the South-east of Benue State, 

Nigeria. The transect is 1000 m long and 50 m wide with 

elevation ranging from 160 m on the toe slope to 232 m on the 

crest. The underlying bedrock within the study area consists 

primarily of sandstone. Soils located on the toe and middles 

slopes were classified as Ustic Epiaquerts, upper slope were 

classified as endoaqualfs, and the crest Arenic paleustalfs [10]. 

The drainage pattern in Ipinu-Oju is mainly influenced by the 

tributaries of river Oyongo which flows through the area. 

 

Figure 1. Map of Study Area. 
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Major crops grown in the area include; yam (Dioscorea 

spp), cassava (Manihot esculenta), maize (Zea mays), millet 

(Pennisetum glaucum), rice (Oryza sativa) and vegetables. 

The vegetation in Ipinu-Oju falls within the Guinea Savanna 

vegetation zone. Common trees include; mango (Mangifera 

indica), oil palm (Elaeis guineensis), orange (Citrus species), 

pawpaw (Carica papaya), obeche (Triplochiton scleroxylon), 

mahogany (Khaya iveronsis), gmelina and grasses such as 

spear grass (Impereta cylindrica), guinea grass (Panicum 

maximum) and yam which is the major staple crop is grown 

in large mounds 1m x 1m on the toe slope and 3 m - 4 m on 

the upper slope due to the shallow soil. 

2.2. Field Investigations 

The field investigations involved excavation of four (4) 

profile pits located on the crest measuring 5 m × 4 m × 0.76 

m at the altitude of 232 m, upper slope measuring 5 m × 4 m 

× 0.28 m at the altitude of 201 m, middle slope measuring 5 

m × 4 m × 1.30 m at the altitude of 198 m, and toe slope 

measuring 5 m × 4 m × 1.4 m at the altitude of 160 m 

manually (see Figure 2). A total of 16 soil samples were 

collected from the four profile pits for laboratory analysis. 

The horizons were identified by observing the different soil 

color in each profile. Bulk samples were collected manually. 

The morphological description of the profiles was done by 

feel and using the Munsell soil color chart, and soil structure 

and consistence evaluation were performed following the 

guidelines of Food and Agricultural Organization of USA [11] 

by feel when dry, moist, and wet and drop and shatter method 

for soil structure. The bulk soil samples were air dried and 

gently crushed using a mortar and pestle, and sieved through 

a 2 mm sieve. The fine soil fraction (<2 mm) was ready for 

physical and chemical analysis. The texture of the soils in 

each profile was determined using USDA soil textural 

triangle. 

 

Figure 2. Profile Pits along the Topo-sequence. 

2.3. Laboratory and Statistical Analysis 

Soil pH was determined potentiometrically in H2O at the 

soil to water solution of (1:1) using a combined electrode pH 

meter [12]. The soil particle sizes were measured using the 

Bouyoucous method [13] after removing the organic matter 

using hydrogen peroxide and dispersing the soils with 

Sodium hexametaphosphate (calgon). Organic carbon was 

determined using the Walkley-Black method [14], total 

nitrogen (TN) of the soils was determined through digestion, 

distillation and titration procedures of macro-Kjeldahl using 

Kjedahl method [15], the available phosphorus (avP) was 

determined using the Bray No. 1 method [16]. Exchange 

Acidity was determined by titration [17], exchangeable 

cations (Ca, Mg, Na, K) and CEC in the soils were 

determined by atomic absorption spectrophotometer method 

[18], exchangeable Calcuim (Ca), Magnesium (Mg), 

Potassium (K), and Sodium (Na) were measured by 

saturating the soil samples with 30 ml of ammonium acetate 

(1N NH4OAC) solution at a pH of 7.0. Subsequently, 

potassium (K) and sodium (Na) were determined with a 

flame photometer, while Mg and Ca were determined by 

atomic absorption spectrometer The cation exchange capacity 

was calculated by summing the exchangeable bases and the 

exchange acidity. Percentage base saturation was obtained by 

dividing the sum of bases (Ca, Mg, K and Na) by the CEC 

and multiplying by 100. The soils were classified according 

to USDA soil taxonomy and World Reference Base. 

Statistical analysis was performed using Microsoft Excel 365. 

ANOVA was used to determine the significance of 

differences in soil physical and chemical characteristics 

between different soil units along the toposequence. ANOVA 

evaluates whether there are statistically significant 

differences in means between soil units (I – IV). Variation 

was considered when the P-value was less than the alpha 

value (0.05), and not significant when it was otherwise. 

3. Results and Discussion 

3.1. Soil Morphological Properties 

All the soil units had a shallow to moderately deep profiles 

(Table 1). Fewer (2) horizons were identified on soil unit II 

(upper slope) in comparison to other units. The fewer 

horizons in unit II can be attributed to soil instability caused 

by continuous processes of soil erosion respectively [19]. 

The morphological results showed that discernible variation 

in horizon thickness occurred in the study area as shown in 

table 1. For example, a horizon was shallow (13 cm) in soil 

unit I (crest) in comparison to other soil units with thickness 

of 15 cm on the upper slope, 18 cm on the middle slope and 

30 cm on the toe slope. Thickness variation may be attributed 

to the influence of slope length, steepness, and shape that 

facilitated the rate at which water moves into and out of the 

soil. The erosion effects of this running water may cause the 

removal of the soils on slopes resulting in thinner surface 

layer, A horizon [19]. On the other hand, the increment in A 

horizon thickness down the slope could be attributed to soil 

deposition at the lower landscape positions and this agrees 
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with the previous findings of [20]. This result indicated that 

soil unit II was most susceptible to topographic and gradient 

effects when compared to soil units II, III, and IV. In addition, 

the horizon of the soil profiles was characterized by gradual 

smooth to diffuse irregular boundaries as shown in table 1. 

This change in profile boundary can be attributed to 

predominance of volcanic ash deposit where plants added 

organic matter to form an A horizon. The color of the soils 

ranged from reddish brown, brownish dark to very dark grey. 

The occurrence of different colors in the study area revealed 

that soil color is influenced by topography. 

Table 1. Morphological Description of the Soils along the Topo sequence. 

Horizon 
Depth(cm) 

Color 
Mottle Texture Structure Consistence Inclusion Boundary 

Soil Unit I Matrix 

A 0–13 10YR 5/8  SL 1MCR SSW Cfr GS 

Ap 13–50 5YR 5/8 2.5Y 2/0 SL 2SBK VSW Ffr AS 

B 50–76 5YR 2/2 2.5Y 2/0 SL 2SBK SPW Vffr  

Soil Unit II Ap 0–15 5YR 2/3  SL 2FCr SSW Cfr GS 

AC 15–28 7.5YR 6/8  SL 2SBK SW Fcr  

Soil Unit III         

A 0– 18 10YR 4/3  SL 3GS NSW Mmr DS 

A1 18–68 7.5YR 5/8 7.5YR ¾ SL 2SBK NPW Cr DI 

B 68–130 5Y 4/3 5Y 4/3 SCL 2FSBK SSW Cs  

Soil Unit IV         

A 0–30 7.5YR 4/4 2.5Y 2/0 SL 2FCR NSNPW Cmr DS 

A1 30–80 5YR 5/8 2.5Y 2/0 SL CSBK SSSPW Ffr D 

AB 30–110 7.5YR 5/2  SL 1FSBK SSSPW Vfmr Ds 

B 110–140 5YR 5/2 2YR 4/8 SCL 3SBK VSVPW Mcg  

Legend: SL = Sandy Loam, SCL = Sandy Clay Loam, 1MC= Weak Medium Crumb, 2SBK = Moderate Sub Angular Blocky, 3GRS= Strongly Granular, 

2FSB = Fine Sub Angular Blocky, CSB=Coarse Sub Angular Blocky, 3SB=Strong Sub Angular Blocky, SSW=Slightly Sticky Wet, VSW=Very Sticky Wet, 

SW=Sticky Wet, NSW=Not Sticky Wet, NSNPW=Non Sticky Non Plastic Wet, SPSSW =Slightly Plastic Slightly Sticky Wet, VSVPW =Very Sticky Very 

Plastic Wet, NPW=Non Plastic Wet, CFR=Common Fine Root, FFR = Few Fine Root, CR= Common Roots FCR= Few Common Roots, VFFR = Very Few 

Fine Root, MMR= Many Medium Root, CMR = Common Medium Root, VFMR = Very Few Medium Root, CS= Common Stone, MCG = Many Coarse 

Gravels, D=Diffuse, CS= Clear Smooth, DS=Diffuse Smooth, GD= Gradual Diffuse. 

The variation in soil color ranging from reddish brown to a 

very dark grey in the upper and lower horizons on the 

different topographic positions indicated good drainage 

conditions of these soils under study. The toe slope had 

darker surface (7.5 4/4) compared to sub-surface horizons 

(5YR 5/8) due to high organic matter content of surface 

horizon. Similarly, the dark grey color (7.5 YR 4/4) recorded 

on the surface horizon of soil unit IV (toe slope) could be 

attributed to the clotting of calcium and iron with humus 

components. Similarly, the difference in soil color along the 

toposequence may be due to soil drainage and Fe content. 

The result of similar study reported by [19] showed that soil 

color appears to be a function of chemical and mineralogical 

composition and textural structure of soils and is conditioned 

by topography. The wide range of soil color (yellow-dark) 

recorded may be due to the different drainage patterns and 

chemical weathering that occur in different topographic 

positions [21]. The consistencies of the soil at moist varied 

from friable to firm, non-sticky to very sticky and non-plastic 

to slightly plastic wet. However, the dry consistence ranged 

from loose to hard. The friable consistent indicates that the 

soil can easily be worked on at good moisture level [19]. The 

overall sticky to slightly plastic shows the dominant of 

smectite in the study area. Despite the fact that consistency is 

some intrinsic soil characteristics, the changes in soil 

consistency in the study area can be attributed to the presence 

of high organic matter in the surface horizons. Roots were 

found in all the soil units with very few medium roots 

confined up to the depth of 110 cm. The presence of mottles 

in the profiles indicates wetting and drying processes 

occurring within the soil profile. The Soil structure in the 

profiles varied from strong granular to strong sub angular 

blocky, with granular structure associated with the surface 

horizons and blocky structure associated with the subsurface 

horizons. The granular structure in the surface horizons of the 

crest and upper slopes is indicative of high biological activity 

in the study area [22]. On the other hand, the presence of 

moderate to sub angular blocky in the lower horizons may be 

attributed to increase in clay content, tillage, climate and soil 

compaction [23]. 

3.2. Soil Particle Size Distribution 

The combination of the field and laboratory textural 

analyses results indicated that the soils in the study area was 

dominated by sandy loam. The textural classes were all sandy 

loam. The results of Table 2 showed that mean percentage 

values of sand ranged from 71.93 to 75.44 %, silt (10.97 to 

12.48 %, and clay (13.05 to 16. 67 %). The highest value of 

75.44 % for sand was obtained in upper slope and lowest 

(71.93 %) in toe slope. The highest (12.48 %) silt mean value 

was recorded in soil unit IV (toe slope) and lowest (10.97 %) 

in soil unit I (crest). Similarly, the highest mean value 

(15.67 %) of clay was obtained in unit III and lowest value 

(13.05 %) was recorded in soil unit II. Soil particle sizes 

were significantly influenced by topographic positions at 

(p<.05) as shown in table 2. The percentage of sand 

decreased from the top slope to the bottom slope. The higher 

percentage of sand fraction recorded on the upper slope may 
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be attributed to the initial deposition of sand particles in the 

runoff. During runoff, sediments with higher density are 

deposited first, while lighter particles are carried further to 

the lowlands. Also, findings by [24] suggested that the high 

percentage of sand fractions reflects the dominance of sand-

forming minerals in the parent materials from which soils are 

formed. The increasing values of silt with decrease elevation 

also agreed with the findings of [24]. Similarly, the higher 

value of clay recorded on soil unit IV (toe slope) can be 

attributed to the removal, transport and deposition of fine soil 

particles from the upper slope to the lowland. The general 

increase in clay content with depth could be attributed to 

vertical translocation of clay through the process of lessivage 

and illuviation. The higher clay content in soil unit III was 

consistent with the findings of [23, 25] who reported that 

illuviation and destruction of clay particles were the factors 

responsible for the variation in clay distribution in different 

agricultural landscapes. 

Table 2. Particle Size Distribution and Soil Texture. 

Soil Unit 
Sand (%)  Silt (%)  Clay (%)  

P-value Texture (class) 
Mean STD Mean STD Mean STD 

I 74.84 0.94 10.97 0.05 14.19 0.93 9.3594E-11* Sandy loam 

II 75.44 0.91 11.51 0.69 13.05 0.21 4.0142E-06* Sandy loam 

III 72.17 4.56 12.16 1.04 15.67 3.75 1.1418E-06* Sandy loam 

IV 71.93 3.45 12.48 0.56 15.58 3.18 2.6015E-10* Sandy loam 

Key: STD: Standard Deviation Alpha Value: 0.05 NS = Not Significant * = Significant 

3.3. Soil Chemical Properties 

The mean values of pH (in water) ranged from 6.19 to 6.54 

(Table 3) which is slightly acidic [26] and fall within the 

range of most crop requirements. The results of soil pH 

showed that pH values were significantly affected my 

topographic positions at p<0.05 (Table 3). Highest pH value 

of 6.54 was recorded in the toe slope and this could be 

attribute to accumulation of soluble cations on the toe slope 

[27]. On the other hand, the lowest pH value of 6.19 obtained 

in the middle slope may be due to microbial oxidation that 

produces organic acids that supply H+ ions to the soil 

solution thereby lowering the soil pH. The mean percentage 

values of organic carbon (OC) content of the soils ranged 

from 0.39 to 0.56 % (Table 3) and was rated medium and 

high [28]. The highest OC value of 0.56 % was recorded in 

soil unit I (crest) and this could be attributed to the effect of 

elevation on temperature, vegetation composition, soil and 

water balance, soil erosion and geological deposition 

processes, soil microbial and, soil and water balance, soil 

erosion and geological deposition processes, soil microbial 

and biological activities, and other processes, which in turn 

affect the content and changes in OC. The accumulation of 

OC usually decreases with increase in temperature and 

moisture of the soil as suggested by [29]. The results of table 

3 indicated that topographic positions significantly 

influenced the percentage OC content of the soils under study. 

The variability in OC along the toposequence could be due to 

differences in temperature and precipitation between 

different topographic positions. In general, the percentage 

OC content of the study area increased with increased in 

altitude. The mean percentage nitrogen values ranged from 

0.44 to 1.42 %. (Table 3) and was classified as moderate 

according to the soil nitrogen rating of [30]. The moderate to 

high value of total N recorded suggests that soils with more 

than 0.15% total N have high mineralization capacity, while 

soils with less than 0.07% have low N mineralization. The 

TN result (Table 3) showed that highest value (1.42 %) was 

obtained on the toe slope and lowest value (0.44 %) on the 

middle slope. The result showed a discernible significant 

variation due to topographic effect. The highest value of total 

N recorded on the toe slope could be attributed to mass 

movement by water resulting in the transport of organic 

material and clay particles from the upper slope to the toe 

slope. On the other hand, the lowest total N recorded in the 

middle slope may be attributed to intensive cultivation, plant 

uptake and volatilization due to high temperatures [31]. 

Similarly, [32] reported lower N values at lower slope 

positions in Nigerian soils. The values of available 

phosphorus (avP) varied from 4.13 to 5.03 ppm (Table 3) and 

was rated low [32]. 

Table 3. Chemical Properties of the Study Area. 

Soil Unit  I  II  III  IV  
F-value P-value 

Statistic  Mean STD Means STD Mean STD Mean STD 

pH - 6.29 0.03 6.50 0.14 6.19 0.12 6.54 0.24 106.35 6.87E-10* 

OC (%) 0.56 0.07 0.54 0.06 0.39 0.09 0.52 0.07 37.06 3.98E-06* 

OM (%) 0.96 0.11 0.93 0.11 0.67 0.15 0.90 0.15 25.40 4.79E-05* 

N (%) 0.51 0.05 0.49 0.01 0.44 0.05 1.42 2.05 14.61 0.000931* 

P (ppm) 5.03 0.15 4.85 0.35 4.73 0.31 4.13 0.62 25.56 4.61E-05* 

Ca cmol/kg 3.17 0.15 2.85 0.07 2.80 0.20 2.80 0.56 0.40 0.SS534284NS 

Mg cmol/kg 3.00 0.20 2.65 0.07 1.70 1.21 2.90 0.27 0.04 0.844209NS 

K cmol/kg 0.26 0.03 0.30 0.01 0.28 0.04 0.28 0.03 45.22 9.29E-07* 

Na cmol/kg 0.23 0.02 0.26 0.00 0.24 0.04 0.26 0.03 46.33 7.73E-07* 

EA cmol/kg 1.07 0.06 1.09 0.08 1.06 0.04 1.08 0.07 20.02 0.000189* 
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Soil Unit  I  II  III  IV  
F-value P-value 

Statistic  Mean STD Means STD Mean STD Mean STD 

CEC cmol/kg 7.73 0.39 7.14 0.07 6.97 0.60 7.58 0.60 148.06 3.04E-11* 

BS (%) 86.37 0.67 84.80 0.99 84.73 1.45 85.63 1.76 24411.44 5.31E-35* 

Alpha Value: 0.05 NS = Not Significant * = Significant 

The results of Table 3 revealed that topographic positions 

significantly influenced the available P content of the soil. 

The highest value of 5.03 ppm was recorded on the crest and 

the lowest value (3.3 ppm) on toe slope. The values of 

available phosphorus in the study area decreased down the 

slope agreeing with the findings of [33] who suggested that 

parent materials and topography are the main factors of 

variation in soil phosphorus. The highest value of available P 

recorded on the crest showed that there is a strong 

relationship between SOC and available P. The mean 

Exchange Acidity (EA) values varied from 1.06 to 1.09 

cmol/kg (Table 3) was rated very low [34]. The results of 

exchange acidity showed that topography significantly 

influenced its distribution in the study area, and the variation 

was attributed to water flow and organic matter content. The 

highest value of 1.09 cmol/kg was obtained in soil unit II 

(upper slope) and the lowest (1.06 cmol/kg) was recorded in 

soil unit III. Exchange acidity values decreased from soil unit 

II to soil unit III and later increased in soil unit IV (toe slope) 

as shown in Table 3. This result showed that there was a 

significant difference in Exchange Acidity distribution in the 

study area. The mean values of exchange cations ranged from 

2.80 to 3.17 cmol/kg for calcium, 1.70 to 3.00 cmol/kg for 

magnesium (Mg), 0.26 to 0.30 cmol/kg for potassium (K) 

and 0.23 to 0.26 cmol/kg for sodium (Na). (Table 3) and the 

values were low [32]. Exchangeable Ca was dominant on the 

exchange sites followed by Mg, K and Na. The dominance of 

Ca over Mg, K and Na in the soils may be due to the fact that, 

among the exchangeable cations, Ca is the least leached from 

the soil environment studied [35]. The concentration of basic 

cations was significantly influenced by topographic positions, 

whereby the highest and lowest values were recorded in soil 

unit I and III respectively. The low value of exchangeable 

bases may be attributed to the high weathering intensity and 

low soil organic carbon content. [36] observed that low 

organic matter has a low capacity to hold cations in 

exchangeable form. The prevalence of Ca followed by the 

rest in the exchangeable site of soils is favorable for crop 

production. The mean values of cation exchange capacity 

varied from 6.79 to 7.73 cmol/kg (Table 3). The highest 

value of 7.73 cmol/kg was obtained in upper slope and the 

lowest (6.97 cmol/kg) in middle slope, and this could be 

attributed to the removal and deposition of EC by water and 

erosion [19]. The CEC was significantly different (P<0.05) in 

relation to topographic position as shown in Table 3. Base 

saturation represents the percentage of CEC occupied by 

bases (Ca+, Mg+, K+, and Na+) and the values ranged from 

84.73 to 86.37 and was considered high [36]. The highest 

value of base saturation recorded in soil unit I can be 

attributed to the contribution of soil organic matter. The base 

saturation distribution was similar to CEC. The percentage 

base saturation result is also correlated with the pH 

distribution in the study area and this is in agreement with the 

finding of [37] who reported that percentage base saturation 

increases with soil pH. The variations in the mean value of 

base saturation in relation to slope positions indicated that 

topography has a strong influence on percentage base 

saturation in the study area. The lowest and highest values 

obtained in soil units III and I could be attributed to plant 

nutrient uptake and leaching [38]. The soils were classified 

according to the USDA soil taxonomy [39] and correlated 

with the World Reference Base (WRB) of the soil 

classification system. The results showed that soil unit 2 does 

not have an argillic horizon with base saturation greater than 

50% (Na4OAcpH 8.0). This qualifies soil unit II as Entisol at 

the soil order level, well drained soils with no evidence of 

any form of mottling, indicating that the ustic soil moisture 

regime dominated its development and are classified as 

Ustent. The soils are minimally developed and qualify as 

Haplustent. The very high base saturation qualifies them as 

Eutric Haplustent at the subgroup level. In the World 

Reference Base, the soil is qualified as Haplic Leptosols, 

(Eutric, Arenic). The other soil units I, III and IV have well-

developed B horizons and base saturations greater than 80% 

and developed under ustic soil moisture regimes. Thus, they 

were classified as Alfisol at the soil order level and Ustalf at 

the suborder level. 

The lack of a clear C horizon indicates that the soils are in 

the early stages of their development, and therefore they were 

designated Haplustalf at the major group level and Arenic 

Haplustalf at the subgroup level due to their very high sand 

fractions. The soils were classified as Eutric Lixisols (Haplic, 

Arenic) according to the World Reference Base classification 

(Table 4). 

Table 4. Soil Classification after USDA Soil Taxonomy and WRB. 

Soil Units USDA Soil Taxonomy World Reference Base 

I Arenic Haplustalf Eutric Lixisols (Haplic, Arenic) 

II Eutric Haplustalf Eutric Leptisols (Eutric, Arenic) 

III Arenic Haplustalf Eutric Lixisols (Haplic, Arenic) 

IV Arenic Haplustalf Eutric (Haplic, Arenic) 

Key: USDA: United State Department of Agricultur 

4. Conclusions 

The soils of the Ipinu-Oju, Benue, Nigeria topo sequence 

showed variability in morphological and physicochemical 

characteristics as influenced by topography. While soils of 

middle and toe slopes were deep with well-developed 

horizons, soils of upper slope were shallow with poorly 

developed horizons. Similarly, soil color and texture were 

influenced by topography, as mid- and toe-slope soils were 



 Agriculture, Forestry and Fisheries 2023; 12(6): 172-179  178 

 

dark grayish and loamy, while upslope soils were dark 

reddish and coarse. In addition, topographic position strongly 

influenced some soil chemical properties such as organic 

carbon, organic matter, total nitrogen, available phosphorus, 

exchange acidity, potassium and sodium cations, cation 

exchange capacity, base saturation, and soil ph. In contrast, 

both magnesium and calcium were influenced by topography. 

Overall, there was significant variation between soil 

properties and topographic positions in the study area. These 

relationships are further influenced by land use and 

management such that the different facets of the 

toposequence are limited to different crops and management 

practices such as fertilizer application, irrigation and drainage. 

Soils of the crest, middle slope and toe slope were classified 

by FAO as Arenic Haplustalf and Eutric Lixisols (Haplic, 

Arenic) in the World Reference Base. Soils of the upper 

slope unit were classified as Eutric Haplustent and Haplic 

Leptisols (Eutric, Arenic) in the World Reference Base. 

Differences in soil properties were caused by removal, 

transport, deposition, and accumulation of eroded materials 

and mobile chemical constituents by erosion and runoff. Soil 

variability with slope position was caused not only by 

pedogenic processes but also by leaching and soil moisture 

regimes. Further studies are recommended to determine 

whether topography is the only factor responsible for soil 

variability in the study area. 
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