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Abstract: Physical soil fertility is seldom emphasized beyond particle size distribution in soil 

fertility studies. A study assessed the soil physical fertility status of a Typic Plinthustalfs 

sustaining farms and ranches in Abuja, the Federal Capital Territory of Nigeria.  The main 

objective of the study was to measure the soil physical properties and prescribe soil husbandry 

practice for sustainable management of the soils. Soil samples were collected from eleven fields 

cultivated to pasture crops. The samples were processed and analyzed for particle size distribution 

(PSD), bulk density, soil organic carbon (SOC), saturated hydraulic conductivity (SHC), soil pH, 

clay flocculation index (CFI), field capacity (FC) and permanent wilting point (PWP). Total 

porosity and soil organic matter (SOM) was inferred from bulk density and SOC, respectively. All 

the cultivated fields were sandy loam in texture with predominantly sand fractions (sand > 700 g 

kg-1). The porosity values were 45 % fitting the field into “satisfactory soil” class for crop 

production. The pH ranged from 5.9 to 6.2. The CFI revealed the soils micro-stability are low ≤ 

43 %. The   FC was low and ranged from 13 to 15 %, this is against standard values of 15 to 25 % 

for sandy soils. This implies crop in the field will readily suffer from incipient wilting. The SHC 

ranged from 6.5 to 8 cm hr-1 putting the soil in the “moderately rapid” conductivity class. The 

SOC and SOM were rated as low for tropical soils. With predominantly sand in the soil, low SOM 

and moderately rapid SHC, the retention of water and applied plant nutrients will be a challenge. 

Mulching and recycling of processed farmyard manure and other ruminant waste that abound on 

the farm should be a practice. The organic inputs will help rebuild the soil structure, improve soil 

water and plant nutrient retention. 

Keywords: Soil physical fertility, soil physical property, cultivated Typic Plinthustalfs, soil 
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1. Introduction 

In the quest to increase crop yields and achieve 

food security (SDG 2) and alleviate poverty (SDG 1), 

governments in Africa puts policy emphases  on 

fertilizer production and impor (Bonilla Cedrez  et al., 

2020; Ciceri and Allanore, 2019; Gil et al., 2019; 

McGowan et al., 2019). This is because crop 

production and soil productivity were majorly linked 

to chemical fertility of the soil. In the past, the 

contributions of soil physical properties to plant 

growth was not given the recognition it deserves in 

soil fertility studies (Adjei-Nsiah, 2019; Schjoerring 

et al., 2019; Stewart et al., 2019; Yadav and Soni, 

2019). Recently, there seems to be growing 

recognition that yields are also limited by physical 

conditions rather than only chemical status of the soil 

(Carciochi et al., 2020; Liu et al., 2015; Oku et al., 

2015). It is known that chemical and biological 

processes in the soil that work to enhance the soil and 

crop productivity operates on the foundation laid by 

soil “physical block” (Mangi et al., 2018). The 

particle size fraction of the soil can be referred to as 

“soil skeleton”. The role as a “skeleton” can be 

likened to the supporting role of the skeleton of the 

human body. It holds in place water and supply same 
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water to plants and other organisms in the soil 

(Kelting et al., 1999; Schoenholtz et al., 2000). 

Additionally, the “soil skeleton” provides an 

environment for biological activities in the soil and 

sequester carbon. Plants require water for its growth 

and field performance such as the yield. Whereas, the 

water holding capacity of the soil is tied to the 

particle size fraction and organic matter content, the 

retention of water in the soil for plant use and growth 

is governed by the soil water potential (Letey, 1991). 

The soil organic carbon (SOC) is an important 

makeup of the soil structure and a major determinant 

of soil productivity. The building up of soil organic 

matter (SOM) is linked with the SOC, soil moisture, 

soil temperature as well as vegetation and land use 

(Pendall et al., 2004). It has been reported that for 

Ultisols, Alfisols as well as Oxisols that soil organic 

carbon (SOC) values of ≤ 1 % (low) will have a 

strong negative impact on soil productivity (Anue and 

Lal, 1997).  The severity of both wind and water 

erosion on a soil is governed by the physical 

condition of the soil such as particle size, bulk density 

or compaction, aggregate stability among others. The 

ease of root penetration into the soil, promotion of 

root growth, geochemical processes in the soil are 

tied to the soil physical condition. Soil bulk density 

controls pore spaces available for water and air in the 

soil, infiltration of water within the rooting zone of 

plants (Oku et al., 2015; Almendro-Candel et al., 

2018). A soil with a good structure   allows adequate 

entry of air and water into the soil and control its 

circulation for healthy plant growth. Without some 

physical properties, existing at optimum level in the 

soil, the soil will suffer from anaerobic condition, 

waterlogging and plant nutrients will be locked up. 

With high bulk density plants will either be unable to 

penetrate such soils or will die as a result of inability 

to take up nutrients. The ability of the soil to retain 

water and nutrients is critical for crop production and 

this relates to SOM and soil structural properties. 

Soils with high bulk density will have poor 

infiltration rate and high runoff.  Aside, washing 

away carbon, and essential plant nutrients, runoff will 

induce negative changes in soil chemical and physical 

properties (Oku and Babalola, 2009). Therefore, the 

specific objectives of the study were to: (1) quantify 

the soil physical properties within the farms and 

ranches, (2) compare the field measured values with 

soil physical fertility standards required for tropical 

soils and (3) prescribe soil husbandry practices that 

would rebuild the soil fertility over time and restore 

soil productivity. 

2. Materials and Methods 

The study was conducted during the dry season of 

late 2019 within a land sustaining Farms and Ranches 

in Abuja, the Federal Capital Territory (FCT) of 

Nigeria as in Fig. 1. 

 
Fig. 1. Location of the study area in Nigeria, West Africa 
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Table 1.  Ratings for interpreting selected soil properties for tropical soils 

Parameter Range / Rating  Source 

 

Organic matter (%) 

Low < 2 Udo et al., (2009) 

Moderate 2 - 3 

High > 3 

Very High > 6 

 

Porosity (%) 

Poor agricultural soils < 40 Kachinskii, (1970) 

Satisfactory agricultural soil 41 - 45 

Good agricultural soils 46 - 50 

Best agricultural soils > 50 

Coefficient of variability 

(%) 

Low < 15 Wildings, (1985) 

Moderate 16 - 35 

High > 35 

 

 

Saturated hydraulic 

conductivity (cm/hr) 

,0.8 Very slow  

 

FAO, (1963) 

0.8 – 2 Slow 

2.1 – 6.00 Moderately slow 

6.1 – 8.00 Moderately rapid 

8.1 – 12.50 Rapid 

>  12.50 Very rapid 

 

Organic carbon (%) 

 < 1 Low  

Udo et al., 2009  1 – 1.5 Moderate 

>  1.5 High  
 

The FCT falls within the Southern Guinean 

Savanna zone of the West Africa. The soils of Abuja 

are classified as Alfisols and sub order of Ustalfs with 

Ustic moisture regime, a characteristic of the sub 

humid climate regime. There is a dominant 

occurrence of plinthite layers or continuous 

concretionary layers precisely within 24 cm and 39 

cm and at times 150 cm depth. At the great-order 

group of Plinthustalfs, another sub-group as Typic 

Plinthustalfs exist (Lawal et al., 2012). Soils of Abuja 

are underlain predominantly by basement complex 

rocks dominated by granites, gneisses, migmatites, 

quartzites and schist. (Bennett et al., 1979).  This 

gives rise to a wide variety of soils.  The upland soils 

under the basement complex formation are generally 

deep, weakly to moderately structured, sand to sandy 

clay in texture with gravel and concretionary layers in 

the upper or beneath the surface layers (Ojanuga, 

2006). Quartz is observed to be the prominent mineral 

constituents of the soils with high kaolinite clay 

content which is responsible for the relatively low 

plasticity of the soils (Alhassan et al., 2012). The 

weather of FCT includes a warm, humid, rainy season 

and a scorching dry season. The highest annual 

rainfall within the Territory, is about 1632 mm.  It 

records relative humidity in the dry season, goes as 

high as 20 % in the afternoons at the northern high 

elevations and about 30 % in the extreme south.  

The Farm was stratified into eleven fields 

according to land use, stage of vegetation and 

landform.  Eleven fields cultivated to pasture crops 

within the farms and ranches were sampled to 

investigate the soil hydro-physical properties. 

Undisturbed core samples were collected at a depth of 

0–30 cm from randomly selected positions in the 

different fields using a cylindrical core of 30 cm in 

length. The samples were bulked to get composite 

samples for each land use. Particle size analysis (PSA) 

was done using the hydrometer method (Gee and 

Bauder, 1986). Bulk density was determined by the 

core method (Burke et al., 1986). Porosity was 

calculated as the function of total volume not 

occupied by soil solids, assuming a particle density of 

2.65 Mg m-3 (Danielson and Sutherland, 1986) Soil 

organic matter (SOM) content was calculated using 

the function given below.  

Clay Flocculation Index (CFI) = 
T(c) – WD(c) 

Clay
× 100 as 

used by Igwe, and Udegbunam, (2008) 

Where WD (Si) = Water dispersed silt value 

WD (c) = Water displaced clay value 

T(c) = Total clay value 

Soil pH was determined (1:2.5 soil, water 

suspension) using the pH meter (IITA, 1982). Soil 

organic carbon was determined by the wet oxidation 

method (Nelson and Sommers, 1982). Percentage (%) 

SOM = % organic carbon×1.724 (Walkley, 1934). 

The parameters determined were compared with 

standard ratings for tropical soil presented in Table 1.  
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3. Results and Discussion   

Table 2 shows the particle size distribution (PSD) 

in eleven fields within the farms and ranches studied.  

The soil in all the cultivated fields sampled are sand (> 

700 g kg-1 of soil).  The silt fraction ranged from 81 g 

kg-1 to 186 g kg-1, clay proportion ranged from 62 g 

kg-1 to 86 g kg-1. The texture was predominantly 

loamy sand. With the predominant sand fraction, the 

specific surface area of the soil is small. 

This implies that, the site for exchange of cation is 

equally small. It is expected that the cation exchange 

capacity of the soil will be low (Oku and Edicha, 

2009). The retention of plant nutrients and water in 

the soil for crop growth will be a challenge. The 

dominance of sand in the soil is one indicator of poor 

aggregate state of the soil. This implies the soil will 

be readily detached on receiving erosive downpour 

(rainfall) (Oku and Babalola, 2009). However, the 

transportation of the detached soil sediment will be 

low because of the large particle diameter typical of 

sand fractions. The pH in water of the fields ranged 

from 5.9 to 6.2 as in Table 3. This indicates the soils 

are between moderately acidic and slightly acidic 

(Udo et al., 2009). A difference existed between pH 

in water and pH in KCl indicating the potentials for 

cation exchange if the soils are amended with inputs 

particularly of organic origin (McCauley et al., 2009). 

The SOC values and the clay fractions obtained in 

the study were lower than those reported by Adeboye 

et al. (2009) and Alhassan et al. (2012) for similar 

soils in the same agroecological zone.  This could be 

attributed to the de-surfacing of the native surface 

soils in the area for the establishment of the farms and 

ranch.  

Table 2. Particle Size Distribution (PSD) of a Farm 

and Ranch in Abuja, Nigeria  

Pasture Field 

 

Sand Silt Clay Texture 

 g kg-1 

1 744 186 70 Sandy loam 

2 810 108 82 loamy sand 

3 770 144 86 Sandy loam 

4 788 130 82 loamy sand 

5 814 118 68 loamy sand 

6 804 134 62 loamy sand 

7 794 132 74 loamy sand 

8 840 81 79 loamy sand 

9 794 138 68 loamy sand 

10 784 140 76 loamy sand 

11 774 152 74 loamy sand 

Mean 792 133 75 

 CV % 3 20 10 

 

Table 3. Soil pH and organic carbon content of a 

Farm and Ranch in Abuja, Nigeria  

Pasture 

Field 
pH in water pH in KCl 

OC SOM 

g kg-1 

1 6.10 5.80 9.00 15.66 

2 6.20 5.80 9.20 16.00 

3 6.00 5.60 9.50 16.53 

4 5.30 5.00 10.20 17.70 

5 6.00 5.60 7.80 13.57 

6 6.10 5.70 9.40 16.35 

7 6.00 5.50 9.40 16.36 

8 5.90 5.30 8.80 15.31 

9 6.20 5.70 9.20 16.00 

10 5.90 5.40 10.80 18.79 

11 6.10 5.50 8.80 15.31 

Mean 6 5.5 9.28 16.14 

CV % 4 4 10 10 

Table 4 shows some structural and hydrological 

properties determined. Bulk density gives a fair idea 

of the extent of compaction of a soil. The total soil 

porosity inferred from bulk density indicates the soils 

fall into the “satisfactory agricultural” class (porosity 

= 41 to 45 %) using Kachenskii, (1970) rating for 

tropical soils. This is expected as the fields were 

ploughed and harrowed before the planting of pasture 

crops. The clay flocculation index (CFI) is one of the 

indices used in assessing micro-aggregate stability of 

agricultural soils. The higher the CFI values the 

higher the stability of the soil to erosion. The CFI 

values were low ≤ 43 %, except in one field where the 

value of 63 % was recorded. The FC ranged from 13 

to 15 %. This is considered low as sandy soils are 

expected to possess FC values of 15 to 25 % and 

loam soils 35 to 45 % (Cornell University, 2018). 

Permanent wilting point (PWP) of the soils as 

presented in Table 4, lies between 6 and 7 % of the 

soil volume. Sandy soils and loamy soils are expected 

to have PWP of 10 to 15 % and 15 to 20 %, 

respectively (Cornell University, 2018). This 

indicates planted crops will suffer frequently from 

incipient wilting and would enter permanent wilting 

stage under a short dry spell or delayed irrigation. 

Initial wilting is likely to cause reduction in the yields 

of crops and pastures. The saturated hydraulic 

conductivity (SHC) of the soils ranged from 6.5 to 8 

cm h-1 (Table 4). With this SHC values, the soils fall 

into the “moderately rapid conductivity class (FAO, 

1963). With this conductivity rating and the 

predominant sand fraction as shown in Table 2, plant 

nutrients applied in the form of inorganic fertilizers 

will flow down the soil fast beyond crop rooting 

zones. 
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This SHC class combined with the coarse nature 

of the soil is likely to create a moisture stress 

condition in the soil when the atmosphere is dry, 

relative humidity low and evaporative demand of the 

atmosphere is high (Dorner et al., 2010; Gwenzi et al., 

2011). Abundant application of processed farmyard 

manure improves aggregation of the soil as well as 

retention of water and nutrients in the soil for crop 

uptake (Eden et al., 2017; Paradelo et al., 2019; 

Sharma et al., 2019). Split application of inorganic 

fertilizer would be the best practice. Split fertilizer 

application potentially reduce nutrient losses per 

fertilizer application and increase plant nutrient 

uptake (Jiang et al., 2018; Sitthaphanit et al., 2009). 

Table 4.  Some structural and hydrological 

properties of a Farm and Ranch in Abuja, Nigeria  
Pasture 

Field 

Bulk 

density Porosity CFI FC PWP SHC 

 

g cm-3 % % % Vol 

cm 

hr-1 

1 1.45 45 21 14 6 745 

2 1.45 45 40 13 7 7.26 

3 1.46 45 43 15 7 6.55 

4 1.45 45 40 14 7 7.35 

5 1.45 45 28 13 6 8.25 

6 1.44 46 63 13 6 8.87 

7 1.45 45 34 13 6 8.02 

8 1.45 45 38 13 7 7.88 

9 1.45 45 28 13 6 8.02 

10 1.45 45 36 14 7 7.558 

11 1.45 45 26 14 6 7.79 

Mean 1.50 45.10 36 13.6 6.5 7.73 

CV % 0.31 0.67 32 5.28 7.06 7.79 

3.1. Prescribed soil husbandry for improving the 

soil physical fertility in relation to crop 

production 

The “engine of the soil” (soil structure) is poor 

and weak and require large organic inputs to rebuild 

the soil structure. At the same time the native soil 

fertility is low and requires a large amount of macro 

and micro nutrients to give meaningful crop yield. 

Therefore, integrated nutrient management should be 

the practice in the farm.  Cropping systems that 

include cover crops, soil re-building and water 

conservation crops as legumes should be included. 

The farm produces large quantity of cow-dung aside 

other ruminant animal waste. The waste should be 

processed and recycled to improve the SOC and SOM.  

The increase in SOM will cause aggregation of 

sand that in turn will improve the water and plant 

nutrient retention capacity of the soil. High SOM will 

lead to an increase in the buffering of soil pH against 

fluctuations. Though the bulk density and the total 

porosity are “satisfactory” for crop production,   

organic inputs into the soil will further reduce the 

bulk density and increase the porosity shifting the soil 

into “good agricultural soil” (porosity ≥ 46 to 50 %) 

and “best agricultural soil” (porosity > 50 %). 

Organic inputs will further improve both the macro 

and micro stability of the soil. Mulching of the soil 

surface is a recommended practice to reduce 

evaporation of water from the soil surface and for 

conservation of water in the soil for crop use.                                       

4. Conclusion  

The continuous tillage gives soil porosity values 

that make the soil “satisfactory” for crops and pasture 

crop production. However, the “soil skeleton” 

(particle size dominated sand fractions) indicates that 

soil has little “flesh” covering the skeleton and 

requires management practices that would promote 

accumulation of more “flesh”. The SOM, content of 

the soil also indicates the “soil engine” (structure) is 

weak, therefore, will be unable to sustain crop 

production for a long time without heavy external 

inputs.  Inputs to be applied should include organic 

materials to increase soil biological activities, 

improve the soil structure, soil aeration as well as 

retention of nutrients for good plant performance. 

There is a critical need to increase the SOM content 

of the soils by incorporation of well processed 

farmyard manure abundantly produced on the farm 

and ranch. 

List of Abbreviations: PSA – particle size analysis, 

PSD – particle size distribution, SOC: soil organic 

carbon; SOM: soil organic matter; CFI, clay 

flocculation index; FC: field capacity; PWP: 

permanent wilting point; SHC: saturated hydraulic 

conductivity. 
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