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ABSTRACT 

Land suitability assessment for sustainable cultivation of sweet potato was carried out on a 

toposequence at Ovim, Isiukwuato LGA, Abia State, Nigeria. A stratified random sampling 

technique was adopted and following the attributes of the terrain, the toposequence was delin-

eated into upper, middle, lower slopes and valley bottom. Four profile pits (OVA, OVB, OVC 

and OVD) were then excavated; one on each of upper slope, middle slope, lower slope and 

valley bottom respectively. The pits were described and soil samples taken from genetic hori-

zons were analyzed for physical and chemical properties.  Results showed that OVA and OVB 

were deep (>18 cm) and well drained. Soil unit OVC was deep (165cm) but imperfectly while 

OVD was moderately deep (85cm) and poorly drained. The soils were strongly to moderately 

acidic (pH 5.3-5.9) with high base saturation (71.05 - 85.16). Organic matter contents were 

high for epipedons and low for the subsoils. The soils were low in ECEC averaging (6.26, 6.89, 

7.65 and 6.55 cmolkg-1), available P (12.551, 12.88, 5.75 and 12.40 mgkg-1) and total N. (0.09, 

0.06, 0.07 and 0.08 gkg-1), for OVA, OVB, OVC and OVD respectively. The suitability as-

sessment by simple limitation confirmed that all the soil units were currently not suitable (N1) 

as the optimal performance were constrained by fertility (N1-f). In addition, OVD is limited by 

poorly drained condition (N1-fw) for the cultivation of sweet potato in the area. Adequate man-

agement of the soils through organic manuring and split application of NPK should be adopted. 

More so, proper drainage of OVD is necessary to control the inflow and outflow of water into 

the field. Otherwise, the unit could be devoted to cultivation of lowland rice.  
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INTRODUCTION 

Topography is an important factor for the analysis and mapping of landforms (Reddy, 

2018; Adesemuyi et al., 2019). This is because it influences surface flow, soil properties, water 

content and the erosion potential of a given area. Local topography is often referred to as 

toposequence. As a general rule, soil profile on the convex upper slope in a toposequence are 

shallower and have less distinct sub surface horizons than soils at lower slope. As such, varia-

tions in most soil properties could be closely related to their landscape position (Surwase et al., 

2023).   

Studies of various geomorphological processes provide inferences to understand land-

scape evolution, pedology, hydrology (Manjare et al., 2022) and status of land degradation 

(Reddy, 2018). Soil survey provides an accurate and scientific inventory of different soils, their 

kinds, nature, and extent of distribution so that one can make predictions about their characters 

and potentialities (Nwaoba and Lekwa, 2016).  

Studies relating to soil and site characteristics and crop requirements form the basis for 

soil suitability evaluation (Osinuga et al., 2020). Land evaluation provides information on the 

constraints and opportunities for the use of the land and also guides decisions on potential and 

optimal utilization of resources, whose knowledge is an essential pre-condition for land use 

planning and development (AbdelRahman et al., 2016). Moreover, such analysis allows iden-

tification of the main limiting factors for the agricultural production.  This enables decision 

makers such as land users, land use planners, and agricultural support services to develop crop 
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management practices able to overcome such constraints and increase productivity. Land suit-

ability of a particular land is a function of matching the land characteristics with the crop re-

quirements (Mustafa et al., 2011: Nwaoba et al., 2021). 

Sweet potato is an important food security and early maturity crop that can be inter-

cropped with crops like maize and yam. In Nigeria, more than 85% of the sweet potato pro-

duction is done by farmers who maintain small scale farming and carry out their operation 

manually with traditional farm tools (FAO, 2019). Optimal sweet potato production of soils on 

a toposequence in Ovim area is possible through a systematic survey of the soils, evaluating 

their potentials for a wide range of land use options and formulating land use plans which are 

environmentally, socially and economically acceptable and viable (Addeo et al., 2001; Sathish 

and Niranjana, 2010).  

The current shortage of food and increasing demand for food in the rapidly expanding 

population necessitate thatsoils on topographic positions be brought under intensive agricul-

tural land use. Available information about soils on toposequence is insufficient for efficient 

scientific planning for the future use of the soils for agriculture in Ovim area of Abia State. 

This has led to indiscriminate application of mineral fertilizers which poses more risk on the 

fragile soils. A clear understanding of the characteristics and suitability evaluation of soils of 

the various topographic positions is essential for efficient management and increased produc-

tivity of the soils especially for sweet potato cultivation. Therefore, the specific objectives of 

this study were to characterize and evaluate the suitability of soils on a toposequence for sweet 

potato production in Ovim area of South East Nigeria.  

 

MATERIALS AND METHODS 

The Study area 

The study was carried out at Ovim, Isiukwuato LGA, Abia State, South-eastern Nigeria. 

The area located between Latitudes 5o40ꞌ N - 6o30ꞌ N and Longitudes 7o 20ꞌ E - 7o 35ꞌ E (Fig. 

1). The area, underlain mainly by lower coal measures is typical rainforest vegetation in south-

eastern agro-ecological zone of Nigeria (IITA, 1996). The general climate is sub-humid tropi-

cal, having distinct rainy season that begins from April to October and dry season from No-

vember to March. The total annual rainfall is 2200 mm, the mean annual temperature is about 

31 oC and the annual relative humidity is about 75 %. The average minimum and maximum 

temperatures are about 22 oC and 30 oC, respectively (Abia GIS, 2020).  The relief is moder-

ately to strongly sloping (4-7 %). The area records the deposition of fluvio-deltaic sediments 

which consists mainly of clastic rocks (claystones, shales, siltstones, sandstones, conglomer-

ates) interstratified with the beds of coal. Coal was discovered in the Mamu Formation (for-

merly called the ‘Lower Coal Measures’) of the Anambra Sedimentary Basin of south-eastern 

Nigeria (Abia GIS, 2020).  

The major land use of the area is arable cropping which includes cassava (Manihot spp.), 

sweet potato (Ipomea batatas), yam (Dioscorea spp.), maize (Zea mays), cocoyam (Colocasia 

esculentus). Also, palm trees, native pear (Dacryodes edulis), mango (Magnifera indica), or-

ange, grape, lemon (Citrus spp.) etc are grown. Melon and garden vegetables which include 

fluted pumpkin (Telferia occidentalis), pepper (Capsicum spp.) are the vegetable crops. 
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Figure 1: Location map of the study area 

 

Field Work and soil sampling 

A stratified random sampling technique based on topograghic attributes of the terrain was 

adopted for use in the study. The toposequence was stratified into upper slope, middle slope, 

lower slope and valley bottom. Four profile pits were excavated, one on each at the upper, 

middle, lower and valley bottom slopes. A hand-held geographic positioning system (GPS) 

was used to determine the coordinates of the toposequence. The representative soil profiles 

designated as OV/A, OV/B, OV/C and OV/D for the four slopes respectively were described 

and horizons were designed in-situ according the guidelines of FAO (2014). Soil samples were 

collected from the identifiable horizons of the profile pits in each of the topographic units for 

physical and chemical analysis. 

Laboratory studies 

Particle size distribution was determined by Bouyoucous hydrometer method according 

to the procedure of Gee and Or (2002) where sodium hexametaphosphate (calgon) solution was 

used as a dispersing agent. Bulk density was determined by core sampler method according to 

the procedure of Grossman and Reinsch (2002). 

Bulk Density = 
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑜𝑣𝑒𝑛 𝑑𝑟𝑦 𝑠𝑜𝑖𝑙

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑐𝑜𝑟𝑒 𝑠𝑎𝑚𝑝𝑙𝑒𝑟
            …(1) 

It was expressed in g/cm3 (Brady and Weil, 2002) 

Total porosity was calculated from the result of bulk density and particle density. 
𝐷𝑏

𝐷𝑝
 x 

100 

1
                 …(2) 

Where P = Porosity Db = Bulk density (gcm-3) Dp = Particle density (assumed to be 2.65g/cm3) 

Soil reaction (pH) was measured in a suspension as soil/water ratio of 1:2:5 and 1:1 soil 

for H2O and in KCl respectively. Standardization of pH meter was done using buffer solutions 

of pH 7.0 (water) and 4.0 (in KCl) and determined using glass electrode pH meter as described 

by Thomas (1996). Organic carbon was determined by the wet oxidation procedure (Nelson 

and Sommers, 1982). Total nitrogen was determined using the modified micro kjeldahl method 

according to the procedure of Bremner (1996). Available phosphorus was done using the mo-

lybdenum blue color Bray II method (Olsen and Sommers, 1982). In which P was extracted by 
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adding 40.0ML of 0.5NNaHCO3 as extracting solution, including a method of blank and stand-

ard quality control samples. Exchangeable basic cations were determined with Ammonium 

Acetate (NH4OAc) leachate of the soil (Thomas, 1996). Exchangeable calcium and magnesium 

was determined by the EDTA (Ethylene diamine tetra-acetic Acid) titration method where Ca 

and Mg indicator (EBT) complex were dissociated by titrating with standard EDTA solution. 

While exchangeable sodium and potassium was determined by flame photometer method. Ex-

changeable acidity (Al + H) was determined by titration as described by (Thomas, 1996). It 

was extracted with one normal potassium chloride solution. The exchangeable hydrogen was 

obtained by subtracting exchangeable aluminum from the exchangeable acidity. Exchangeable 

acidity (Al + H) - Exchangeable Al =Exchangeable H. Effective cation exchange capacity 

(ECEC) was derived by the summation of the total exchangeable bases (TEB) and exchangea-

ble acidity (TEA) (Brady and Weil, 2002).  

Percentage base saturation (%BS) was calculated as: %BS =   
TEB

ECEC
 x 

100

1
      …(3) 

Where % BS = Percentage base saturation, TEB = Total exchangeable basic cations, ECEC = 

Effective Cation Exchange Capacity. 

 

Land Suitability Evaluation 

 The suitability of the pedons for potato production was evaluated by limitation (non-

parametric) method (Ezeaku, 2009). The pedons was placed in suitability classes by matching 

their characteristics with the land use requirements of the test crop (sweet potato). The suita-

bility class of the pedons are indicated by an Arabic number attached to the letter indicator such 

as highly suitable (S1), moderately suitable (S2), marginally suitable (S3), currently not suita-

ble (N1) and permanently not suitable (N2) (Ezeaku, 2009). Table 1 below shows the land use 

requirement for sweet potato cultivation. 

Table 1: Land Use Requirements for sweet potato 
Land qualities  Land characteristics  Unit S1 

100-95 

S2 

94-85 

S3 

84-40 

N1 

39-20 

Climate (c)        

Water Availability Mean annual Rainfall (mm) 1600-1100 1100-900 900-500 <500 

Temperature regime  Mean annual Temp.  (OC) 21-30 >18 >12 <12 

Wetness (w)       

Oxygen Availability Soil drainage   Well drained Moderate or Im-

perfectly drained 

 Poorly         

drained 

Very  

poorly 

drained 

Fertility (f)       

Nutrient  Availability Total N (gkg-1) >0.2 0.1-0.2 <0.1 - 

 Avail P (mgkg-1) >25 6-25. <6 - 

 Exch. K (cmol/kg) >6 3.-6. <3 - 

 Ph  6.1-7.3 7.4-7.8or 4.8-6.0 >8.4or <4.0 - 

Nutrient retention CEC (cmol/kg) >16 3-16. <3 - 

 Base saturation  (%) >35 20.35 <20 - 

Soil physical characteristics (s)      

Water retention Capacity Soil texture   L, SC, SL LS, SiC,  

SL 

S, SCL C 

Rooting Condition Soil depth  (cm) >100 100-75 75-50 <50 

Topography (t) Slope  (%) 0-5 5-12 12-20  >20 

(Modified from Sys et al., 1993) 

Key: S1 = highly suitable, S2 = moderately suitable, S3 = marginally suitable, N1 = currently not suitable, C = 

Clay, CL= clay loam, L = loam, SiC = silty clay, LS = loamy sand, SL= sandy loam, SCL = sandy clay loam, S 

= sand, SC = sandy clay, EC = electrical conductivity  
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RESULTS AND DISCUSSION 

Morphological Characteristics 

The morphological characteristics of the soils are presented in table 2. Under moist con-

ditions, OVA had reddish black (5YR 4/1) surface colour over Reddish (10 R 4/6) sub surface 

colour (Table 2). Soil unit OVB had dark reddish brown (2.5 YR 2/4) to reddish Brown (2.5 

YR 4/4) surface colours over reddish (10 R 4/8) sub surface colour. Soils colour at soil unit 

(OVC) had dark grey (5 YR 4/1) to weak red (10 YR 4/4) surface soils over reddish brown (2.5 

YR 4/4) to reddish (10 R 4/6) sub surface soils while soil unit OV/D had very pale brown 

(10YR 8/4) to brown (7.5 YR 5/4). This agreed with the findings of Obi (2018) in her study of 

wetland soils in Abia state agricultural zone south Eastern, Nigeria. Mottles were observed 

both at the top of soil unit OV/D and sub soils of OV/C and OV/D. It ranged from few faint 

yellow (10YR 8/6) to reddish yellow (7.5 YR 5/6) which is evidence of gleization. The mottling 

could be attributed to cyclic oxidation reduction of iron compounds associated with fluctuation 

of water table that contains dissolved iron products.  The soil colours observed in the study 

area are in conformity with the findings of Nsor et al. (2016) who worked on topographic soils 

of Ohiya Autonomous community in Abia State, Nigeria.  

The drainage condition, parent material and physiographic position may have influenced 

the soil colour matrix of the mapping units studied, the effect of colour variation also further 

agrees with the findings of (Esu et al., 2008).The texture of the soils of the study area indicated 

that soil unit OV/A had sandy loam surface and sub-surface texture, sandy loam to sandy clay 

loam surface and subsurface texture for soil unit OV/B. Soil unit OV/C had sandy loam surface 

and sandy loam to sandy clay loam sub-surface textures. Soil unit OV/D had sandy clay loam 

surface soils over sandy clay subsurface soils. The structure of the soils in the study area indi-

cated that Soil unit OV/A had moderate medium granular structure occurring over moderate 

medium sub angular blocky structure. Soil unit’s OV/B and OV/C were characterized by mod-

erate medium granular structure occurring over moderate medium sub angular blocky struc-

tures while for soil unit OV/D, the surface soils were characterized with moderate medium sub 

angular blocky structures and strong medium sub angular blocky structures at the subsurface 

soils. Few fine pores were observed on the surface horizons and few medium and large pores 

were on the subsoils as water slowly drips from the pores through capillary action because of 

high water table. Obi (2018) made similar observation in her study of land capability and suit-

ability studies in Okoko Item, Bende LGA, Abia state.  

The consistence of soils unit OV/A indicated a loose (dry and moist), non-sticky to non- 

plastic (wet) surface soils over soft (dry), firm (moist), slightly sticky to non-plastic (wet) sub 

surface soils. Soil unit OV/B indicated a soft (dry), very friable (moist), non-sticky to non-

plastic (wet) to soft (dry), friable (moist) and slightly sticky to slightly plastic (wet) surface 

soils over hard (dry), firm to very firm (moist), very sticky to very plastic subsurface soils. 

Soils of unit OV/C indicated a soft (dry), friable (moist), slightly-sticky to non-plastic (wet) 

surface soils over hard to very had (dry) firm to very firm (moist), slightly- sticky to plastic 

(wet) to sub surface soils while soil unit OV/D indicated hard and firm (dry and moist), slightly 

sticky to slightly plastic (wet) consistence.  Nsor et al. (2016) also encountered similar mor-

phological characteristics in soils on a toposequence around Ohiya Autonomous community, 

south Eastern Nigeria. The horizon boundary in all the pedons studied indicated clear wavy 

horizons over gradual wavy and clear smooth sub soil horizons.
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Table 2: Morphological properties of the soil units 
Horizon Desig-

nation 

Horizon (cm) Colour Mottles Texture Consistence 

Dry 

 

Moist 

Wet Structure Horizon Boundary 

OV/A          

AP 0-18 5YR 4/1; RB None SL l fr ns-sp 2mg cw 

AB 18-59 2.5YR 4/4; RB None SL s fr ns-p 2mg gw 

B 59-98 10R 4/6; R None SL s vfr ns-np 3msbk gw 

BC 98-182 10 R 4/6; R None SL s f s-vp 2msbk  

OV/B          

Ap 0-11 2.5YR 2/4; DRB None SL s vfr ns-np 2mg gw 

AB 11-53 2.5YR 4/4; RB None SL s fr ss-sp 2msbk gw 

B 53-92 2.5YR 4/6; R None SL sh f ss-sp 2msbk gw 

Bt1     92- 121 10R 4/6; R None SCL h  f ss-sp 3msbk gw 

Bt2 121- 180 10R 4/8; R None SCL h  vf s-vp 2msbk  

OV/C          

Ap 0-12 5YR 4/1; DG None SL l fr ss-np 2mg cw 

AB 12-58 10YR 4/4; WR None SL s fr ns-sp 2mg gw 

Bt 58-93 2.5YR 4/4; RB None SCL h f ss-sp 3msbk gw 

BCg 93-165 10R 4/6; R 2.5YR5/6fff; Bb SL vh vf vs-p 2msbk  

          

OV/D          

Apg 0-15 10Y R8/4 (PB) 10 YR 8/6 fff:Y SCL sh fm ss-sp 2msbk cw 

Btg 15-36 10YR 7/3 (VPB) 10YR 6/3 fmd: PB SC h fm ss-sp 2msbk cs 

BC 36-85 7.5 YR 5/4 (B) 7.5 YR 5/6 fff; RY SC h fm ss-sp 2msbk  

key 
1. Colour: RB= Reddish brown, DRB= Dark reddish brown, R= Red, DG= Dark Gray, WR=Weak Red, Bb= Brownish Black, VPB=Very Pale Brown Mottles: FFF= 

Few fine faint, Fmd= Few medium distinct. 

2. Texture: SL= sandy loam, SCL sandy clay loam 

3. Consistence: s= soft, sh= slightly hard, l= loose, h= hard, vh= very hard, vfr= very friable, fr= friable, f= firm, vh= very firm, ns-sp= non sticky-slightly plastic, ss-p= 

slightly sticky to plastic, ns-np= non sticky to non-plastic, ss-sp= slightly sticky to slightly plastic 

4. Structure: 1= weak, 2= moderate, 3= strong, f= fine, m= medium, g= granular, sbk= sub angular blocky, msbk= medium sub angular blocky 

5. Boundary: gw=gradual wavy, cw = clear wavy, cs= clear smooth. 
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Physical Characteristics 

The physical characteristics of the study area is shown in Table 3. Sand content was 

observed to dominate silt and clay contents. Clay contents generally increased down the profile 

suggesting clay illuviation while sand content decreased down the profile. This could be due 

to their coastal plain sand materials as reported by Nwaoba and Lekwa (2016). The bulk density 

values ranged from 1.53gcm-3 to 1.57 gcm-3, 1.39gcm-3 to 1.53gcm-3, 1.53 gcm-3 to 1.60 gcm-3 

and 1.45 gcm-3 for surface soils but 1.78 gcm-1, 1.75 gcm-1, 1.68 gcm-1 and 1.67 gcm-3 for sub-

surface soils of soil units OV/A, OV/B, OV/C and OV/D respectively. The subsurface soils 

have values very close to the critical value for root penetration contrary to the values for the 

surface soils, this could be attributed to soil compaction at the root zone primarily from topo-

graphic effect (Oti and Mbe, 2020). Least bulk density values were recorded at the surface soils 

with corresponding high organic matter revealing the influence of organic matter on soil com-

paction (Nsor and Okonkwo, 2014). 

Table 3: Physical Properties of the Soil Units 
Pedon Horizon Depth Sand Silt Clay TC Bulk 

Density 

Total Po-

rosity 

         (cm)                                  %   gcm-3 % 

OV/A AP 0-18 75.20 11.8 13.0 SL 1.53 42.26 

(Upper AB 18-59 73.20 12.8 14.0 SL 1.57 40.75 

Slope) B 59-98 71.20 12.8 16.0 SL 1.78 32.45 

 BC 98-182 71.20 12.8 16.0 SL 1.79 32.83 

 Mean    72.70  12.50   14.75  1.66 37.07 

 

OV/B Ap 0-11 75.20 12.80 12.0 SL 1.39 47.54 

(Middle AB 11-53 71.20 12.80 16.0 SL 1.53 42.26 

Slope) B 53-92 70.20 11.80 18.0 SL 1.71 35.47 

 Bt1     92- 121 63.20 11.80 25.0 SCL 1.75 33.96 

 Bt2 121- 180 65.20 11.80 23.0 SCL 1.75 33.96 

 Mean  69.00 12.20 18.80  1.63 38.64 

         

OV/C Ap 0-12 75.20 13.80 11.0 SL 1.53 42.26 

(Lower AB 12-58 70.20 15.80 14.0 SL 1.60 39.62 

Slope) Bt 58-93 67.20 12.80 20.0 SCL 1.61 39.24 

 BCg 93-165 68.20 14.80 17.0 SL 1.68 36.60 

 Mean  70.20 11.53 15.50  1.61 39.43 

         

OV/D      Apg       0-15 50.00 26.00 24.00    SCL    1.45  45.28 

(Valley       Btg      15-36 46.00 16.00 40.00     SC    1.57 40.75 

bottom)       BC      36-85 44.00 16.00 38.00      SC    1.67 36.98 

 Mean        

Key: TC= Textural Class; SL= Sandy Loam; SCL= Sandy Clay Loam; CL= Clay Loam; SC= Sandy Clay 

 

Chemical Characteristics 

The chemical characteristics of the study area are presented in Table 4. The soil pH in 

the study area ranged from 4.30 – 5.70 averaging 5.45 in soil unit OV/A, 5.60 in OV/B, 5.75 

in OV/C and 5.10 in soil unit OV/D.  These values were rated strongly to moderately acidic. 

The acidic nature of the soils may be due to high intensity of rainfall in the area. Enwezor et 

al., (1990) stated that leaching of Ca and Mg is responsible for development of acidity. The 

values of total Nitrogen in the study area ranged from 0.02 – 0.11 gkg-1, averaging 0.09 gkg-1, 

0.06 gkg-1, 0.07 gkg-1 and 0.08 gkg-1 for soil units OV/A, OV/B, OV/C and OV/D respectively. 

The values were rated low to moderately low. This could be attributed to the high intensity of 

agricultural activities such as continuous cultivation of field and rapid turnover (mineraliza-

tion) of organic substrates derived from crop residue (Nsor and Okonkwo, 2014).  
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The organic carbon contents are high for epipedons and low (<2.0 %) for the subsoils 

based on organic carbon rating of the South-eastern Nigerian soils by Enwezor et al. (1989). 

This is evidence of organic material incorporation into the soils. In all soil units, the values of 

organic carbon content decreased with soil depth below the critical level. The low values of 

organic carbon in the subsoils would encourage a rapid leaching of cations into the subsoils 

from the surface. Thus, the soils are low in ECEC (<12.04 cmol kg-1) and low in available P 

and total N. According to Chikezie et al. (2009), the environment of eastern Nigeria is charac-

terized by high temperature and relative humidity conditions that favour rapid decomposition 

and mineralization of organic matter. Therefore, organic matter content has to be substantially 

increased through effective crop residue management.  

The available phosphorus varied from 5.75 mgkg-1 to 12.88 mgkg-1. The values were low 

to moderately low. This observation agreed with Chikezie et al. (2009) who observed that most 

Nigerian soils are moderately low in phosphorus partly due to the existence of parent rocks low 

in phosphorus but complicated by high phosphate fixing capacity of the soil. Considering the 

critical value for phosphorus, the soils may require phosphate fertilizer application for a sus-

tainable crop yield. The exchangeable cations were very low for Na (0.17 – 0.29 cmolkg-1); K 

was very low to moderate (0.15– 0.26 cmolkg-1); Mg was low to moderate (0.80 – 2.40 cmolkg-

1) and Ca was low (2.60 – 4.80 cmolkg-1) in all the soil units. These observations are similar to 

the findings of Nsor et al. (2016) around Ohiya community South Eastern Nigeria who at-

tributed low exchangeable bases to high leaching arising from the coarse textured nature of the 

soil. The exchangeable acidity of the soil units averaged (0.97 cmolkg-1) H- (0.50 cmolkg-1) 

Al3- for soil unit OV/A, (0.92 cmolkg-1) H- and (0.49 cmolkg-1) Al3- for soil unit OV/B, (0.62 

cmolkg-1) H-, (0.48 cmolkg-1) Al3- for soil unit OV/C and (1.16 cmolkg-1) H- (0.47 cmolkg-1) 

Al3- for soil unit OV/D. 

The ECEC in the study area ranged from 5.25 – 9.09 cmolkg-1 averaging 6.26 cmolkg-1 

at OV/A, 6.89 cmolkg-1 at OV/B, 7.65 (cmolkg-1) for soil unit OV/C and 6.55 (cmolkg-1) for 

soil unit OV/D these were rated low (Enwezor et al., 1990). The low values of ECEC encoun-

tered in the study area might be due to the medium to coarse texture soils of the area this agreed 

with the findings of Nsor et al., (2016). The low ECEC content of the soil could likely be 

attributed to high rate of weathering. The values of the silt/clay ratio of the soils were above 

0.25 at the top soils, an indication that the soils are not old soils derived from old parent mate-

rials and are of intense degree of weathering; as old soils usually have silt/clay ratio less than 

0.15, with low degree of weathering. Brady and Weil (1999) pointed out that the cation ex-

change capacity (ECEC) of most soils increases with pH; thus at very low pH values, the ECEC 

is also generally low.Base saturation by sum of cations ranged between 71.05 and 85.16 % 

which is rated very high (Enwezor et al., 1990). The high base status showed that the soils had 

high native fertility, which is confirmed by the luxuriant growth of the vegetation of the soil. 

This agreed with findings of Igomu and Idoga, (2017); Oti and Mbe, (2020). 
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Table 4: Chemical Properties of the soil Units 
 

pedon 

 

 

Horizon 

 

Depth 

(cm) 

 

        

          pH 

 

Total      OC      OM 

     N                               

%   

 

 

TEA 

     

        EA 

   cmol/kg 

 

Avail 

P. 

mgkg-1 

        Exchangeable cation 

Ca            Mg           K            

Na 

                                                   

 

  ECEC 

  

 

  BS 

   % 

   H20 KCL  H+ Al3+                         cmolkg-1    

OV/A AP      0-24 5.50 4.60 0.11 1.11 1.91 1.48 0.99 0.49 14.80 3.20 1.80 0.25 0.27     7.00 78.86 

(Upper AB     24-53 5.70 4.60 0.10 1.08 1.86 1.38 0.90 0.48 15.30 3.80 1.80 0.26 0.28 7.51 81.62 

Slope) B     53-85 5.20 4.30 0.06 0.67 1.15 1.52 1.00 0.52 10.30 2.60 0.80 0.18 0.18 5.28 71.21 

 BC    85-150 5.40 4.20 0.06 0.62 1.07 1.52 1.00 0.52 9.80 2.60 0.80 0.16 0.17 5.25 71.05 

 MEAN  5.45 4.43 0.09 0.87 1.23 1.48 0.97  0.50   12.55  3.05  0.40  0.21  0.23  6.26  75.69 

                  

OV/B Ap 0-11 6.00 5.40 0.12 1.38 2.38 1.28 0.84 0.44 15.80 4.80 2.20 0.28 0.29 8.86 85.55 

(Middle AB 11-53 5.80 5.20 0.08 0.88  1.52 1.36 0.90 0.46 15.40 3.80 2.00 0.27 0.28 7.71 82.36 

Slope) B 53-92 5.50 4.60 0.05 0.55  0.95 1.44 0.94 0.50 12.60 3.00 1.80 0.20 0.21 6.65 78.34 

 Bt1     92- 121 5.30 4.40 0.02 0.23  0.40 1.48 0.96 0.52 10.50 2.80 1.20 0.15 0.18 5.81 74.53 

 Bt2 121- 180 5.40 4.10 0.02 0.21  0.36 1.48 0.96 0.52 10.10 2.60 1.00 0.15 0.17 5.40 72.59 

 MEAN  5.60  5.93  0.06 0.65 1.12   1.41 0.92  0.49   12.88   3.40   1.64  0.21 0.23  6.89   78.67 

                  

OV/C Ap 0-12 5.70 5.20 0.12 1.30 2.24 1.42 0.94 0.48 15.20 4.40 2.10 0.28 0.28 8.48 83.25 

(Lower AB 12-58 5.90 5.50 0.11 1.11 1.91 1.32 0.86 0.46 16.30 4.60 2.40 0.29 0.29 8.90 85.16 

Slope) Bt 58-93 5.80 5.20 0.05 0.28 0.48 1.36 1.92 0.46 13.60 3.00 1.80 0.21 0.22 6.58 79.33 

 BCg 93-165 5.60 4.70 0.03 0.25 0.43 1.52 1.14 0.52 12.40 3.00   1.80 0.17 0.18 6.67 77.21 

 MEAN  5.75  5.13  0.07   0.73 1.27   1.41 0.62  0.48 5.75   3.75   2.03  0.95  0.24 7.65  81.24 

 

OV/D 

 

Apg 

 

      0-15 

 

5.80 

 

5.30 

 

0.05 

 

1.84 

 

3.17 

 

1.42 

 

1.38 

 

0.40 

 

16.40 

 

5.20 

 

2.00 

 

0.24 

 

0.22 

 

9.09 

 

84.37 

(Valley Btg 15-36 5.20 4.10 0.04 0.57 0.98 1.52 1.04 0.48 11.60 3.10 1.40 0.11 0.10 6.24 75.64 

Bottom) BC 36-85 4.30 3.90 0.04 0.57 0.98 1.60 1.06 0.54 9.20 2.00 0.60 0.06 0.06 4.33 63.04 

 Mean  5.10 4.40 0.08 0.99 1.71 1.51 1.16 0.47 12.40 3.43 1.33 0.14 0.13 6.55 74.35 

Key: O.C= Organic carbon, O.M= Organic matter, N= Nitrogen, TEA= Total Exchangeable Acidity, EA-= Exchangeable Acidity, P= Phosphorus, ECEC= Effective 

Cation Exchange Capacity, BS= Base Saturation
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Suitability Evaluation of Soils in the Study Area 

The suitability evaluation of soils in the study area was obtained by matching the land character-

istics of the area studied (Table 5) with the agronomic requirement of sweet potato (Table 1) to obtain 

suitability class scores of sweet potatoes in the study area (Table 6). Aggregate suitability scores and 

suitability classification indicating limiting characteristics is presented in (Table 7). This was achieved 

by using the guidelines suggested by FAO (1976) and Sys et al. (1993). 

Table 5: Land Characteristics/Quality of the Study Area 
Soil Units land characteristics OV/A OV/B OV/C OV/D 

Rainfall (mm) 1900 – 2200  1900 – 2200  1900 – 2200  1900 – 2200  
Temperature (0C) 27 – 28  27 – 28  27 – 28  27 – 28 

Organic Carbon 1.23 1.12 1.27 0.99 

Total N 0.09 0.06 0.07 0.08 
Avail. P 12.55 12.58 14.38 12.40 

Exch. Ca2+ (cmol/kg) 3.05 3.40 3.75 3.43 

Exch. Mg2+ (cmol/kg) 0.40 1.64 2.03 1.33 
Exch. K2+ (cmol/kg) 0.21 0.21 0.95 0.14 

Exch. Na2+ (cmol/kg) 0.23 0.23 0.24  

TEA     
H+ 0.97 0.92 0.62 1.16 

Al3+ 0.50 0.49 0. 48 0.47 

B.S 75.69 78.67 81.24 0.13 
CEC 6.26 6.89 7.65 6.55 

Texture (Surface) LS LS LS/SCL SCL/SC 

Soil Drainage Well Well Moderate poor 
Bulk density 1.66 1.63 1.61 1.56 

slope (%) 0 – 2  2 – 4  0 – 2  0-2 

Soil depth 180 182 165 85 

 

Table 6: Suitability Class Scores of Soil Units for Sweet Potato Cultivation 
Soil Units OV/A OV/B OV/C OV/D 

Land characteristics     

Climate 

Rainfall (mm) 
 
S1 

 
S1 

 
S1 

 
S1 

Topography 

Slope gradient 

 

S1 

 

S1 

 

S1 

 

S1 
Wetness (w) 

Soil drainage 

 

S1 

 

S1 

 

S2 

 

N1 

 
Fertility (f)     

Organic carbon S3 S3 S3 S3 
Total Nitrogen (gkg-1) N1 N1 N1 N1 

Available phosphorus (gkg-1) S2 S2 S2 S2 

Base saturation (%) S1 S1 S1 S1 
Exch. K (cmolkg-1) N1 N1 N1 N1 

Soil physical characteristics 

Soil texture  

 

 
S1 

 

 
S1 

 

 
S3 

 

 
S2 

Soil depth S1 S1 S1 S2 

Aggregate suitability N1 – f  N1 – f  N1 – f N1-wf 

Key S1 = Highly suitable; S2 = Moderate suitable; S3 = Marginally suitable; N1 = Currently unsuitable; N1 = 

Potentially unsuitable 

 
CONCLUSION AND RECOMMENDATIONS 

The study site was characterized by poorly, imperfectly and well drained moisture conditions. 

The soils were strongly to moderately acidic in reaction with moderately low and low values of available 

P, total N and exchangeable potassium. The suitability assessment by simple limitation confirmed that 

climate, topography and base saturation are optimum for the cultivation of sweet potato. All the soil 

units were currently unsuitable (N1) as the optimal performance was constrained by fertility (f) thus 

(N1-F). Soil unit OV/D is also limited by poorly drained condition (w) thus, (N1-fw) for the cultivation 

of sweet potato in the area. It was recommended that adequate and proper drainage of soil unit OV/D 

is necessary through construction of drainage channels to control the inflow and outflow of water into 

the field. Otherwise, the unit could be devoted to cultivation of lowland rice. Consequent upon the 
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fragility of the soils, heavy equipment such as bulldozer should not be used to carry out any farm oper-

ation like stumping rather, manual stumping should be encouraged. The strongly acid nature of the soils 

will require proper liming for adequate availability of nutrients to crops.  
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