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ABSTRACT 

The study was carried out in 2022 with the objective to assess selected physical and chemical properties 

of soil in three different locations at the Teaching and Research Farm of Federal College of Education 

(Technical), Potiskum, Yobe State. The study locations were at the North, Middle and Southern part of 

the Research Farm. The experimental treatments consisted of 2 (cultivated and un-cultivated soils) by 3 

(North, Middle and South) factorials that were laid out in a Randomized Complete Block Design (RCBD) 

and replicated three times. Soil depth (0- 30 cm) was collected from each of the location while the 

adjacent uncultivated soil to each location was used as the control. All the soil samples collected were 

analyzed at the laboratory for particle size distribution, pH, organic carbon, total nitrogen, available 

phosphorus, organic matter and exchangeable cations as well as cation exchange capacity, bulk density, 

total porosity and saturated hydraulic conductivity. The data generated from the study was subjected to 

Analysis of Variance (ANOVA) using Genstat Release 10.3 DE after which significant means was 

separated using Least Significant Difference (LSD) at 5 % level of probability. The results of the study 

revealed that soils of the experimental site were inherently poor in essential plant nutrients and other 

important soil attributes such as organic matter, hence there is need for appropriate fertilizer applications. 

The un-cultivated plots had more essential soil nutrient when compared with that of cultivated plots. 

There is need for application of both organic and inorganic fertilizers in order to improve crop yield 

across the locations. There is also need for incorporation of organic matter and proper soil management 

practices for increased permeability, root penetration, aeration and water infiltration/water holding 

capacity. 

Keywords: Assessment, Soil physical and chemical properties and Potiskum. 

 

INTRODUCTION 

Agricultural practices require sustainable use and management of soil resources. The soils may easily lose 

their nutrients and qualities within a short period of time under poor management and land use (Idris and 

Usman, 2008; Usman, 2021a). Soil properties describe the physical and chemical characteristic behaviour 

of soils including the nutrient status (Usman, 2015; Ali et al., 2021). The need for basic knowledge and 

assessment of changes in soil properties and their fertility status with time to evaluate the impact of 

various soil management practices has become necessary for sustainable agriculture in Nigerian savanna 

zones. Similarly, for sustainable soil nutrient management in any research farm, there is also need for an 

understanding of how soil responds to agricultural practices over time (Adeniyan, 2008).  

One of the major important components of agricultural management and sustainability as well, a goal of 

most farmers in the tropics is the maintenance of soil nutrients and qualities. This according to Usman 

(2018) provides avenue for measuring levels of crop productivity. Soil properties reveal soil quality 

which measures the levels of soil fertility. This means that assessing soil quality also involves measuring 
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and evaluating soil properties for optimum crop yield. Soil properties may have influence on various 

processes that are suitable for agricultural practices (Okunomo et al., 2006), though the dynamic soil 

nature describes the condition of a specific soil due to management practices. Soil physical and chemical 

properties play an important role in the establishment and growth of crop plants (Ali et al., 2020a). Soil 

bulk density, mechanical resistance, porosity and infiltration rate are all affected by farming activities.  

Survey reports by various researchers in Nigeria (Usman, 2021b; Usman et al., 2021b; Ali et al., 2022a) 

showed that there is no adequate data on soil physical and chemical properties for optimum crop 

production in the Northeastern Nigeria. Therefore, there is lack of information on the physical and 

chemical properties of the soils in the study locations specifically with reference to availability of 

nitrogen, phosphorus and potassium which are known to limit performance of most crops and are often 

not supplied adequately by inorganic fertilizer. This problem has adversely affected optimum crop yield 

in the area since many crops are grown by farmers without knowing the fertility status of their soils 

(Busari et al., 2018). Therefore, this research was undertaken to assess the physical and chemical 

properties of soil at the Teaching and Research Farm of Federal College of Education (Technical), 

Potiskum with the objective to establish soil fertility status and recommend appropriate crops that will 

give optimum yield in the study area. 

 

MATERIALS AND METHODS 

Experimental Site and Design  
The study was carried out in 2022 with the objective to assess selected physical and chemical properties 

of soil in three different locations at the Teaching and Research Farm of Federal College of Education 

(Technical), Potiskum, Yobe State. The study locations were at the North, Middle and Southern part of 

the Research Farm. The study location falls between latitude 11° 42ꞌ N to 11° 43ꞌ N and longitude 11° 04ꞌ 

E to 11° 06ꞌ E (YSGN, 2008; Yunusa et al., 2019).   

The experimental treatments consisted of 2 (cultivated and un-cultivated soils) by 3 (North, Middle and 

South) factorials that were laid out in a Randomized Complete Block Design (RCBD) and replicated three 

times. Soil depth (0- 30 cm) was collected from each of the location while the adjacent uncultivated soil 

to each location was used as the control. The soil samples collected were analyzed at the laboratory for 

particle size distribution, pH, organic carbon, total nitrogen, available phosphorus, organic matter and 

exchangeable cations as well as cation exchange capacity, bulk density, total porosity and saturated 

hydraulic conductivity.  

Soil Laboratory Analysis 

Bulk density (g cm-3) was determined by oven drying the soil (in soil core) to a constant weight and 

divided this by the total volume of the soil in the cylindrical soil core. Total porosity (%) was estimated 

from bulk density and particle density values. Saturated hydraulic conductivity (cm hr-1) was determined 

using constant head method.  

Particle size distribution 

The particle size analysis was determined by the hydrometer method (Bouyoucos, 1951) which involves 

the suspension of soil samples with sodium Hexametaphosphate. The reading on the hydrometer was 

taken at 40 seconds and after three hours. The particle size was then calculated using the following 

formula: 

Sand: 100 - [H1 + 0.2 (T1 - 68) – 2.0]2 

Clay: [H2 + 0.2 (T2 - 68) – 2.0]2 

Silt: 100 – (% sand +% clay) (Bouyoucos, 1951). -------------------------- (1) 

Soil pH 

This was determined both in water and in CaCl2. The Glass Electrode method was used to determine the 

soil pH (Active). The electrode of the pH meter was placed in 1:1 soil suspension with water to determine 

the active acidity in water while for that of active pH in CaCl2, the suspension [i.e. 1:2 (soil: 0.01 

MCacl2)] was then allowed to stand for about 30 minutes and stirred occasionally with a glass rod, after 

which the electrode of the pH meter was inserted to measure the active pH of soil. 
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Organic carbon 

The organic carbon was determined by the Walkley and Black (1934) method as cited in Usman et al., 

2021c). This involved oxidation of the soil with Dichromate and Tetraoxosulphate (VI) acid (H2SO4). The 

organic carbon was then calculated using the following formula: % Organic Carbon in soil = (mek2Cr2 O7 

–me FesO4) X 0.003 X 100 X F of air-dry soil. --------------------------- (2)  

The percentage organic matter was calculated by multiplying the value of organic carbon by 1.724, which 

is based on the assumption that in the tropics, soil organic matter contains 58 % organic Carbon. 

Total nitrogen 

The total nitrogen was determined using the Macro-Kjeldahl digestion method as cited in Gani et al., 

(2022). Five grams of soil sample that has passed through 0.5 mm sieve was used. This was mixed with 

10 ml of deionized water into a 500 ml Kjeldahl flask and one tablet of mercury catalyst was added as 

indicator. Potassium sulphate (K2SO4) and 30 ml of concentrated H2SO4 were added. The mixture was 

heated continuously to ensure a complete digestion, the digested material was allowed to cool and 100 ml 

of deionized water was slowly added. The sand residue was washed with 50 ml of deionized water into 75 

ml macro-Kjeldahl flask. Fifty (50 ml) of 2 % H3BO3 solution with 150 ml of 10 N NaOH were measured 

into a 500 ml Erlenmeyer flask and distilled. The distillate was titrated with 0.01 N standards H2SO4 to 

determine the amount of NH4-N.  

Available phosphorus 

Bray 1 method was used to determine available Phosphorus. This involved centrifuging the soil 

suspension at 2000 revolutions per minute for fifteen minutes. The clear supernatant was then mixed with 

distilled water; ammonium solution and Sncl2 dilute solution. Then, the percentage transmittance on the 

electro photometer at 660 nm wavelength was measured. The Optical Density (OD) of the standard 

solution was plotted against the Phosphorus (in ppm) and then the extractable Phosphorus in the soil was 

calculated. 

Exchangeable cations and cation exchange capacity 

The Cation Exchange Capacity (CEC) was determined using Ammonium Acetate (NH4OC) method. 

Exchangeable cations were determined by Melhlic-3 extraction solution. The extracted solutions of these 

exchangeable cations were determined by Atomic Absorption Spectrophotometer (AAS) To prepare 

Melhlic-3 extraction solution, 250 ml deionized water was poured into 500 ml polythene bottle, 

thereafter, 69.45 g NH4F and 36.75 g of EDTA were dissolved and diluted to 500 ml. To a 10 liter jug 

was added about 8 liters of water and 200 g NH4NO3, 40 ml of NH4F solution, 115 ml acetic acid and 8.2 

ml of 70 % nitric acid were added and diluted to 10 liters. 

The pH of the solution was between 2.5±0.1 which was adjusted by using NH4OH, 3 g of soil sample 

weighed into 50 ml centrifuge tube which has been acid washed in order to avoid impurity contamination. 

Thirty (30) ml of Melhlic-3 extractant was added to the soil sample that was capped in the centrifuge 

tube. The samples were then put in the mechanical shaker for 5 minutes. The samples were then filtered 

with clean filter paper. After centrifugation, the extracts were transferred into the tubes to minimize 

contamination and the exchangeable cations in the extract were determined by AAS. 

Soil Data Analysis 
Soil data collected from the farmland were subjected to the Analysis of Variance (ANOVA) using 

Genstat Release 10.3 DE after which significant means were separated using Least Significant Difference 

(LSD) at 5 % level of probability.  

 

RESULTS AND DISCUSSION 

Soil Physical and Chemical Properties of Experimental Site 
Soil Physical and chemical properties of the experimental sites (cultivated and un-cultivated soils) 

indicated that both soils are sandy clay loam in texture (Table 1). This textural class (sand- 65, silt- 14.10 

and clay- 20.90 %) is ideal for most crop production as many crops require soils that are well drained for 

maximum yield. The high sand content of the soils (65.00 %) was an indication of the low clay content 

which could be attributed to the soil separates, sorting activities by organisms and clay eluviations as well 

as surface soil erosion or parent materials (Usman et al., 2020). Percentage organic matter and total 
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nitrogen are 0.98 and 0.19 % respectively. However, available P was 3.30 as well as moderate values for 

exchangeable cation. The slightly acidic pH of the soils (6.70) is also an indication that the soils are 

suitable for most production as this pH range is the optimum pH for most crops and microbial activities in 

soil. Very low pH values have a drastic effect on growth, whereas some crops can tolerate a pH value up 

to 8 (Usman, 2015; Ibrahim et al., 2018 and Usman et al., 2021a). 

The results of soil analysis revealed that soils are low in essential plant nutrients and organic carbon with 

the exception of sodium which was moderate when compared with soil fertility ratings by Esu (1991). 

The poor nutrient status of this soil is a characteristic of many tropical soils where the slash and burn 

practice coupled with high insolation and rainfall prevents the build-up of organic matter which is the 

store house of most nutrients. This is in line with earlier observations by Ali et al. (2020b), Usman et al. 

(2022) who reported that Nigeria soils are deficient in most nutrients.  

Other factors responsible for the low nutrient status may include intensive and continuous cropping 

without corresponding fertilizer application, weathering, and erosion/leaching losses. The low Phosphorus 

content could be as a result of high P fixing capacity of most tropical soils (Ibrahim et al., 2022a). The 

low nutrient status of the soil indicates a high probability of getting a response to the application of 

fertilizers when the soil is cultivated, otherwise partial or total crop failure is probable (Ibrahim et al., 

2022b). 

Effects of Cultivation on Soil Physical and Chemical Properties 

The results revealed no significance effect on soil properties with respect to all soils (cultivated and un-

cultivated soils). This is an indication that both soils are capable of taking up nutrients almost equally 

(See Table 2a-d). However, for some soil parameters such as calcium, potassium, magnesium, sodium 

and phosphorus, the cultivated soils had lower nutrient values compared with un-cultivated soils. This is 

probably due to high infiltration rate in cultivated soils (Ali et al., 2020c). 

Farming operations are known to influence both the release and conservation of soil nutrients (Ali et al., 

2019). The effects of cultivation on soil nutrients indicated that the un-cultivated soils had higher 

nutrients while the cultivated plots had lower available soil nutrients. The higher nutrient status of un-

cultivated soils can be attributed to the presence of mulch on the surface due to decomposed plant 

residues, which led to enhanced soil organic matter status and associated availability of nutrients (Usman 

et al., 2018). Farming systems that reduce soil disturbance and residue incorporation have generally been 

observed to increase soil organic matter content (Ali et al., 2017a). Uzun et al. (2012) concluded that 

conservation tillage systems results in significant and positive effects on several chemical soil properties. 

Soil organic matter largely contributes to nutrient cycling and thus supplies of N, S and other elements as 

well (Saleque et al., 2009; Ali et al., 2022b). 

Several researchers observed an increase of soil organic matter and carbon with conservation tillage 

practices in the top soil layer (Bronick and Lal, 2005; Vogeler et al., 2009; Powlson et al., 2012; 

Schjonning and Tomson, 2013). In general, soil cultivation improves the decomposition of crop residues 

by facilitating contact between plant tissue and soil aggregate surfaces, the primary biome of soil 

microorganisms (Bronick and Lal, 2005). In addition, tillage organic matter in the soil and thus improves 

the availability of nutrients for plant growth through the formation of clay humus complexes and the 

increase of charged surfaces for nutrient binding. Accumulation of considerable amounts of total nitrogen, 

phosphorus (P), and potassium with conservation tillage was observed (Calegari et al., 2013). This may 

be due to the fact that the land was not disturbed which increased the buildup of soil organic matter, 

resulting in high organic carbon which reflects a reduced rate of leaching in the soil profile in the soil 

studied. Farming systems (zero tillage/uncultivated soils) that reduce soil disturbance and residue 

incorporation have generally been observed to increase organic C (Yunusa et al., 2019).  

Cultivation also stimulates soil carbon losses due to accelerated oxidation of soil carbon by microbial 

action. Hence when organic matter is lost the associated nutrients are also lost. Yin and Vyn (2002) also 

observed more soil nutrients in case of uncultivated soils as compared with cultivated soils. The least 

values of essential nutrients recorded by the cultivated plots compared with the un-cultivated plots could 

be due to inversion of top soil during soil preparation, which brought less fertile subsoil to the surface in 
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addition to possible leaching (Ali et al., 2017b) as well as rapid mineralization and uptake of nutrients by 

the crops (Usman, 2020). 

Ali et al., (2017b) reported that soil cultivation showed positive effect on soil properties and crop yields. 

The highest total N, P, K and S in their available forms was recorded in un-cultivated soils. The effects of 

cultivation on soil physical and chemical properties are importance to agricultural sustainability and to 

increase crop yield (Ayoola, 2006; Oloworeke, 2014). The physical and chemical properties of a soil are 

one of the fundamental factors affecting crop growth, development and yield. This is because these 

properties have very high degree of correlation with crop production and have high influence on soil 

fertility and crop performance (Adeniyan, 2008; Onwudiwe et al., 2014 and Oyetola et al., 2018; Oroka 

and Ureigho, 2019). For the study under consideration more focus was on the soil properties and results 

revealed that the soil properties were improved as a result of improved soil aeration, infiltration and 

porosity in cultivated soils, though no significant difference was observed in the interaction effects of 

most of the soil parameters studied (See Table 3a-c). 

In improving soil condition, tillage is a key factor and plays a significant role in improving crop growth 

and yield (Wasaya et al., 2011). However, the success or failure of crop production systems depends on 

seedbed environment. Tillage improves soil bulk density, water storage capacity and soil penetration. 

Tillage operations and soil disturbance can generally cause an increase in soil aeration and nutrient 

mineralization for crop use. 

 

CONCLUSION AND RECOMMENDATIONS 

The soils of the experimental site were inherently poor in essential plant nutrients and other important soil 

attributes such as organic matter, hence there is need for appropriate fertilizer applications. The un-

cultivated plots had more essential soil nutrient when compared with that of cultivated plots. There is 

need for application of both organic and inorganic fertilizers in order to improve crop yield across the 

locations. There is also need for incorporation of organic matter and proper soil management practices for 

increased permeability, root penetration, aeration and water infiltration/water holding capacity. 
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Table 1: Soil Physical and Chemical Properties of the Experimental Site 

Property  

        

    Values 

      

Chemical Property   

pH        6.70 

Organic Matter (%)       0.98 

Total Nitrogen (%)       0.19 

Available P (mgkg-1)       3.30 

Exchangeable Cation (Cmol kg-1)   

Ca       2.83 

Mg                           2.60 

K                           0.22 

Na 

EB 

                          0.02 

     5.67 

EA 

CEC 

 

     0.18 

                         5.85 

Base Saturation (%)       96.92 

Particle Size Distribution    

Sand (%)        65.00 

Silt (%)       14.10 

Clay (%)       20.90 

Textural Class     Sandy clay loam 
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         Table 2a: Main Effects of Cultivation on Soil Properties  

 

FLC 1               pH              Sand 

             (%) 

            Clay 

             (%) 

             Silt 

              (%) 

        

CTS  6.61  71.72  15.37  12.92 

UCTS  6.57  71.10  15.42  13.48 

LSD 

(P≤0.05) 

 NS  NS  NS  NS 

         

FLC 2         

CTS  6.57  71.78  15.07  13.15 

UCTS  6.56  72.60  14.54  12.86 

LSD 

(P≤0.05) 

 NS  1.59  0.74  NS 

         

FLC 3         

CTS  6.55  72.02  15.06  12.92 

UCTS  6.60  71.26  15.49  13.26 

LSD 

(P≤0.05) 

 NS  NS  NS  NS 

CTS = Cultivated Soils, UCTS = Un-Cultivated Soils, FLC = Farm location, NS = Non Significant 

 

 

Table 2b: Main Effects of Cultivation on Soil Properties  

 

FLC 1         BD        (gcm-

3) 

             Pt 

             (%) 

         Ks 

          (cm hr-1) 

 

        

CTS  1.90  62.70  11.60   

UCTS  1.81  60.56  13.44   

LSD 

(P≤0.05) 

 0.28  4.77  1.96   

         

FLC 2         

CTS  1.68  74.20  15.07   

UCTS  1.60  72.60  14.54   

LSD 

(P≤0.05) 

 NS  1.19  0.63   

         

FLC 3         

CTS  1.57  72.02  15.06   

UCTS  1.61  71.26  15.49   

LSD 

(P≤0.05) 

 0.093  NS  NS   

CTS = Cultivated Soils, UCTS = Un-Cultivated Soils, FLC = Farm location, NS = Non Significant, BD= 

Bulk Density, Pt= Total Porosity, Ks= Saturated Hydraulic Conductivity 
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Table 2c: Main Effects of Cultivation on Soil Properties 

FLC 1           Mg 

       (cmol kg-1) 

            N 

          (%) 

         Na 

(cmol kg-1) 

         OM 

          (%) 

     P 

(mg kg-1) 

 

CTS  1.60  0.081  0.65  1.57  3.50 

UCTS  1.90  0.084  0.63  1.60  3.49 

LSD 

(P≤0.05) 

 NS  0.003  NS  0.05  NS 

FLC 2           

CTS  1.58  0.085  0.64  1.54  3.31 

UCTS  1.55  0.079  0.58  1.53  3.95 

LSD 

(P≤0.05) 

 NS  0.003  0.004  NS  0.312 

FLC 3           

CTS  1.54  0.085  0.63  1.54  3.48 

UCTS  1.54  0.084  0.63  1.52  3.42 

LSD 

(P≤0.05) 

 NS  NS  NS  NS  NS 

CTS = Cultivated Soils, UCTS = Un-Cultivated Soils, FLC = Farm location, NS = Non Significant
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Table 2d: Main Effects of Cultivation on Soil Properties 

FLC 1         BS 

       (%) 

      CEC 

     (cmol kg-1) 

   Ca 

    (cmol kg-1) 

  EA 

      (cmol kg-1) 

     EB 

    (cmol kg-1) 

    K 

      (cmol kg-1) 

 

CTS  90.12  6.34  3.48  0.47  5.88  0.25 

UCTS  87.12  6.49  3.58  0.48  6.00  0.28 

LSD 

(P≤0.05) 

 NS  NS  NS  NS  NS  NS 

LC 2             

CTS  88.18  6.46  3.58  0.48  5.95  0.28 

UCTS  89.23  6.26  3.39  0.57  5.56  0.25 

LSD 

(P≤0.05) 

 NS  NS  0.22  0.06  0.309  NS 

LC 3             

CTS  88.42  6.45  3.47  0.55  5.87  0.25 

UCTS  88.61  6.37  3.67  0.44  5.85  0.27 

LSD 

(P≤0.05) 

 NS  NS  NS  NS  NS  NS 

CTS = Cultivated Soils, UCTS = Un-Cultivated Soils, FLC = Farm location, NS = Non Significant
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Table 3a: Interaction of Cultivated and Un-cultivated Effects on Soil Properties  

Soil Location             BS 

           (%) 

           CEC 

            (cmol kg-1) 

            Ca 

            (cmol kg-1) 

             EA 

            (cmol kg-1) 

        EB 

        (cmol kg-1) 

      K 

    (cmol kg-1) 

 

CTS FLC1  88.50  6.317  3.46  0.66  5.73  0.27 

 FLC2  88.40  6.415  3.71  0.35  6.07  0.27 

 FLC3  87.62  6.475  3.55  0.46  6.01  0.27 

UCTS FLC1  90.02  6.370  3.58  0.30  6.07  0.28 

 FLC2  87.95  6.258  3.29  0.72  5.53  0.25 

 FLC3  89.80  5.837  3.06  0.69  5.08  0.21 

LSD (P≤0.05)  2.11  0.91  0.36  0.13  0.65  0.07 

CTS = Cultivated Soils, UCTS = Un-Cultivated Soils, FLC = Farm location, NS = Non Significant 

 

Table 3b: Interaction of Cultivated and Un-cultivated Effects on Soil Properties 

Soil Location            Mg 

         (cmol kg-1) 

           N 

            (%) 

          Na 

         (cmol kg-1) 

            OM 

             (%) 

             P 

          (mg kg-1) 

 

CTS FLC1  1.44  0.075  0.610  1.63  3.30 

 FLC2  1.48  0.091  0.608  1.51  3.30 

 FLC3  1.56  0.079  0.640  1.44  3.38 

UCTS FLC1  1.55  0.084  0.620  1.52  4.00 

 FLC2  1.43  0.074  0.608  1.46  3.83 

 FLC3  1.33  0.078  0.640  1.45  3.91 

LSD (P≤0.05)  0.02  0.022  0.17  0.08  0.52 

CTS = Cultivated Soils, UCTS = Un-Cultivated Soils, FLC = Farm location, NS = Non Significant 

 

Table 3c: Interaction of Cultivated and Un-cultivated Effects on Soil Properties 

Soil Location                 pH                 Sand 

                 (%) 

             Clay 

             (%) 

              Silt 

              (%) 

 

CTS FLC1  6.17  73.25  14.30  11.75 

 FLC2  6.56  70.87  14.82  14.30 

 FLC3  6.51  71.02  15.67  13.40 

UCTS FLC1  6.57  70.17  16.22  13.60 

 FLC2  6.55  73.07  14.60  12.43 

 FLC3  6.71  74.45  12.80  12.55 

LSD (P≤0.05)  NS  2.58  1.29  1.22 

CTS = Cultivated Soils, UCTS = Un-Cultivated Soils, FLC = Farm location, NS = Non Significant 
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