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 11 

ABSTRACT 12 

The soils studied comprise four series namely; Adio, Jago, Matako and 13 

Oshun series. Particle size analysis, textural classes, bulk density and 14 

saturated hydraulic conductivity were measured. Interestingly, the results 15 

showed that the soils texture ranged between loamy sand to sand down the 16 

profile for all the soil series. Bulk density increased with soil depth and 17 

averaged 1.78, 1.79, 1.87 and 1.71 g/cm
3
 in Adio, Jago, Matako and Oshun 18 

series respectively. Water tables were < 75 cm, < 80 cm, < 120 cm, < 50 cm 19 

in Adio, Jago, Matako, and Oshun series, respectively. Saturated hydraulic 20 

conducting (Ks) decreased sharply with depth in the four soil series 21 

considered. The inland valleys ranged   texturally from loamy sand to sandy 22 

loam and would be very suitable for vegetable production because of their 23 

densely packed structures and lower bulk density at the top-soil.  24 
 25 

INTRODUCTION 26 

One of the most serious problem affecting soil systems and their productivity today in the 27 

tropical and developing country like Nigeria is the in effective and unplanned use of scarce 28 

land. This in a way has affected agricultural productivity. Biazin et al (2011) argued that 29 

African agriculture has the lowest rate of productivity increase in the world. The primary and 30 

most effective land conservation method is appropriate allocation of lands for uses for which 31 

they are most suitable. This became very imperative owing to the fact that abuses of land 32 

management should attract land use restrictions, (Horn et al. 2000; Horn et al. 2005). Although 33 

these management practices have been a subject of increasing interest in other regions of the 34 

World (Kodesova et al. 2011, Pagaliai et al 2004,,Lother et al. 2013; Van; Alvarez and 35 

Steinbach 2009, Hemmat et al. 2010). Nigeria is not particular about land management as 36 

individual uses any available land. 37 
 38 

Unfortunately, the expansion of development and uncontrolled increase in population and 39 

demand for land for various uses (Akinbola, 1993, Inyang et al. 2012). Inland valley soils have 40 

high agricultural potential because of their high inherent fertility, reduced or non-existence 41 

erosion threat, availability of water even during the dry season (Akinbola, 2001). There is a 42 

positive correlation between soil physical properties and related crop yields (Alvarez and 43 

Steinbach (2009) therefore knowledge of soil physical properties is important because 44 

structure, bulk density and texture influence root development (De Kimpe and Mehuys, 1979).  45 
 46 

Sustainable wetland management requires basic understanding of the resources to be managed 47 

(Okusami, 1997). The soil of the inland valley is greatly influenced by seasonal or perennial 48 

high ground water which affects soil as a growing medium for plants, land use possibilities and 49 

soil formation (Van Diepen, 1985).  Soil wetness, may be attributed to rainfall or impeded 50 

hydraulic conductivity or low permeability/drainage. In soils influenced by a fluctuating water 51 

table, hydraulic conductivity directly affects the rate of recession of the water table, together 52 
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with the rainfall. It is an important parameter in design and functional efficiency of the drainage 53 

system (Edminster, 1957).  54 
 55 

The soil of valley bottom land is unique in their characteristics. These attributes are greatly 56 

influenced by the dynamic nature of the ground water table and parent materials of the land 57 

(Akinbola, 2001).   The intensive use of wetlands soil for agriculture purpose is bound to 58 

produce some adverse environmental impact, Salau, 1992, Oliver and Berdowski (1997).  59 

However, a detailed study and assessment of land for relevant utilization types may release 60 

them for agricultural uses. 61 
 62 

This study was conducted to assess the physical properties and saturated hydraulic conductivity 63 

levels of valley bottom land on the basement complex of a typical tropical forest. 64 

 65 

METHODS 66 

Study site description 67 

The study was done on an area situated in the central part of the University of Ibadan, South 68 

western Nigeria. The co-ordinates of the location range from latitude 7
0 

15’N to 7
0 

3
0
’N and 69 

longitude 3
0
 45’E and 4

0 
1’E.  The valley is saucer shaped at the eastern part resulting from the 70 

convergence of three slopes, and open v-shaped at western part. It covers an approximate area 71 

of about 2 ha. 72 
 73 

Ibadan, the capital city of Oyo State is characterized by hot humid tropical climate like the rest 74 

of the southwestern Nigeria with two distinct seasons in a year (rainy and dry season) as 75 

influenced by the movement of the Inter-Tropical Discontinuity (ITD). The valley understudy 76 

is typically swampy in most part of the western end while the eastern end has drier edges which 77 

are well drained. Tree such as Oil palm, Mango, Flamboyant and Obeche trees are found 78 

growing randomly on the land. The stream sides are dominated by the elephant grass while 79 

guinea grass, sedges and spear grass dominated the drier part of the land. Banana and Plantain 80 

trees are found now at the eastern part of the valley while some few stands are scattered on 81 

other parts of the valley. 82 
 83 

Field Study and Soil Sampling 84 

A reconnaissance survey of the land was first done to know the major biophysical features of 85 

the land in terms of land terrain, topography, evidence of erosion, drainage, and pattern of 86 

cultivation. The soils that were identified by Okusami (1986) as Jago series (JAS-1), Matako 87 

series (MAS-2), Adio Series (ADS-3) and Oshun Series (OSH-4), were sampled at different 88 

soil depths. 89 
 90 

A total of four profile pits were dug with each soil series having one profile pit. Depth of 91 

profile pit was measured with a tape, soil texture by hand feel, soil boundaries by visual 92 

observation.  Upon description, soil sample from each horizon of the profile were collected for 93 

particle size analysis. Also, undisturbed core samples were collected for the determination of 94 

bulk density and saturated hydraulic conductivity. 95 

 96 

Analysis of Physical Properties of Soil 97 

Soil samples brought from field were air dried and sieved through a 2 mm sieve for particle 98 

size analysis. Particle size analysis was performed according to Bouyoucos (1962) and the 99 

method by Kohn (Hartge and Horn, 1992). Also, Soil Taxonomy (Soil Survey Staff, 1975) was 100 

used to designate the textural classes. Bulk density was measured using core method (Blake, 101 

1965).  102 
 103 

Determination of Saturated Hydraulic Conductivity of Soil 104 

Saturated hydraulic conductivity was determined using the modified Klute (1965) constant 105 

head method. The undisturbed core samples collected in duplicates from each horizon were 106 
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slowly saturated for 48 hours and saturated hydraulic conductivity was measured. The 107 

following relationship was used in calculating:  
dh

dz

At

Q
K =  108 

Where:  K = Saturated hydraulic conductivity (cm/hr); Q = the steady state volume flow from 109 

the entire soil column (cm
3
); A = cross sectional area (cm

2
); t = the time interval (hr); dz = 110 

length of sample ( cm); dh = hydraulic head change (cm).  111 

 112 

RESULTS AND DISCUSSION 113 

The results of the physical properties (Table 1) and analysis of the particle size distribution of 114 

soils from the valley bottom ranges between sandy loam to loamy sand. Only pedon JAS-2 had 115 

a sandy texture for the sub-surface horizons. The sub-surface horizons for others varied 116 

between sandy loam to loamy sand. 117 

With the exception of Osh-4 that had total sand contents that increased with an increase soil 118 

depth, the sandy status of the soil ranged between 560.6 g/kg to 835.3g/kg for soil depth that 119 

falls between 0-50 cm, the other soil series had their total sand content fluctuated with depth. 120 

Table 1: Particle size distribution and texture of the sampled soils 121 

Soil Series Soil 
Depth 
(cm) 

Fine 
sand 
g/kg 

Coarse 
sand 
g/kg  

Total 
sand 
g/kg 

Silt 
g/kg 

Clay 
g/kg 

Silt/Cl
ay 
g/kg 

Texture  

ADIO 0-17 
17-30 

30-50 
50-75 

300.0 
109.8 

168.6 
139.2 

574.5 
705.9 

627.5 
754.9 

874.5 
815.7 

756.1 
894.1 

78.4 
117.6 

117.6 
39.2 

86.3 
66.7 

86.3 
66.7 

0.91 
1.76 

1.36 
0.59 

Sand  
Loamy sand 

Loam sand 
Sand 

JAGO 0-23 
23-35 
35-50 
50-80 

145.1 
113.7 
58.8 
33.3 

690.2 
819.6 
854.9 
900.0 

835.3 
933.3 
913.7 
933.3 

117.6 
19.6 
39.2 
19.6 

47.1 
47.1 
47.1 
47.1 

2.50 
0.42 
0.83 
0.42 

Loamy sand 
Sand 
Sand 
Sand 

MATAKO 0-12 
12-42 

42-75 
75-120 

96.1 
135.3 

64.7 
74.5 

73.9 
739.2 

770.6 
682.4 

913.7 
933.3 

835.3 
756.5 

117.6 
39.2 

78.4 
58.8 

47.1 
86.3 

86.3 
184.3 

2.5 
0.45 

0.91 
0.32 

Loamy sand 
Sand 

Sandy loam 
Sandy loam 

OSHUN 0-10 
10-20 
20-50 

186.3 
333.4 
200.0 

374.5 
443.1 
635.3 

560.6 
776.9 
835.3 

333.3 
117.6 
98.0 

105.9 
105.9 
66.7 

3.15 
1.11 
1.47 

Sandy loam 
Loamy sand 
Loamy sand. 

 122 

The surface horizon for all the pedons considered had a total sand fraction ranging between 123 

560.6 g/kg and 87.45 g/kg with an average of 776.4 g/kg while sub-soil horizon had value 124 

between 756.1 g/kg and 933.3g/kg with an average of 847.7 g/kg. All the soils can be described 125 

as light texture soils because of their predominated sand related texture, this texture account for 126 

the high permeability of the inland valleys. The result of the texture obtained in this study is 127 

contrary to what Brinkman et al., (1986) observed that inland valley soil could have texture 128 

ranging from sand to clay soil but the latter predominate. The clay content in ADS – 1   was 129 

irregularly distributed while that of Osh-4 decreased in clay content with increase in soil depth. 130 

The clay content in MAS-2 increased with increase in clay content. This is an indication of clay 131 

migration by lessivage to produce illuviation. The clay content for all the pedons considered 132 

were generally low and ranged between 47.1 g/kg and 183.0 g/kg. This may be due to the 133 

position the inland valley land occupies in the topography. This observation   was also noted by 134 

Fagbami et. al., (1982). Average silt/clay ratio for all the soil series were 2.27 and 0.88   for 135 

top-soil and sub-soil respectively, this means that this kind of top-soil has higher susceptibility 136 

to erosion, Wischmeier, 1969). 137 
 138 

The results of bulk density and saturated hydraulic conductivity of the soil samples are given in 139 

Table 2. The bulk density ranged between 1.33 g/cm
3 
and 1.54 g/cm

3
 with mean of 1.54 g/cm

3
. 140 

Sub-soil horizon values ranged between 1.60 g/cm
3
 and 2.10 g/cm

3
 with mean value of 1.89 141 
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g/cm
3
. It is apparent that the bulk density of the surface horizons is ideal for agronomic practice 142 

(Ahn, 1993).  Similar findings have been reported by Jewitt et. al., (1979), who stated that the 143 

bulk density of wet land soils vary between 1.0 g/cm
3
 to 2.0 g/cm

3
 and increase with depth. 144 

Result from all the profiles showed a general trend of an increase in bulk density with soil 145 

depth. This may partly be ascribed to organic matter content in the surface layer and partly due 146 

to cultivation which is usually carried out on the surface layer. 147 
 148 

All the soils sampled, except surface layers of Adio series (1.54 g/cm
3  

) and Oshun series (1.33 149 

g/cm
3
) that  had critical values that fall below the 1.63 g/cm

3
 have problems of high bulk 150 

density that can pose hindrance to root penetration, De-Geus (1973). Ahnn (1993), observed 151 

that more favourable are the results of the tropical horizon that are lower than 1.6 g/cm
3
 since 152 

soil with values of 1.6g/cm
3
 to 1.8g/cm

3
 indicate poor aeration and water movement will be too 153 

low for optimum root growth. 154 

Table 2: Bulk Density and Saturated hydraulic conductivity of the Soils 155 

Soil Series Depth (cm) Bulk-Density 
(g/cm3) 

Saturated hydraulic 
conductivity (cm/h) 

ADIO 0-17 
17-30 
30-50 
50-75 

1.54 
1.65 
1.86 
2.06 

35.47 
26.75 
14.34 
5.23 

JAGO 0-23 
23-35 
35-50 
50-80 

1.60 
1.81 
1.81 
1.94 

45.64 
48.55 
27.24 
98.11 

MATAKO 0-12 
12-42 
42-75 
75-120 

1.67 
2.01 
2.10 
1.70 

22.26 
15.06 
2.42 
3.53 

OSHUN 0-10 
10-20 
20-50 

1.33 
1.71 
2.09 

312.45 
32.46 
5.94 

 156 

Saturated hydraulic conductivity of top-soil for the four soil series ranged between 22.26 cm/h 157 

and 312.45 cm/h with an average of 103.96 cm/h. while sub-soil horizons had values that 158 

ranged between 2.42 cm/h and 98.11 cm/h with mean of 25.42 cm/h (Table 2).  The reason for 159 

higher mean saturated hydraulic conductivity of top soil when compared with sub-soil levels 160 

might be due to the stable granular structure of the former. Similar observations had earlier 161 

been reported by Nyle et al., (1999).  Soils with stable granular structure are known to conduct 162 

water much more rapidly than those with unstable structure units, which break down upon 163 

being wetted.  Except JAS – 2 that had fluctuating saturated hydraulic conductivity, all other 164 

soils series had values that decreased with increase in soil depth. 165 

CONCLUSION AND RECOMMENDATION 166 

Proper soil management required a pre tillage experiments to ascertain the proper use of the 167 

scarce land in the tropics where there is an ever uncontrolled population expansion.  This study 168 

has revealed a water table of <75, <80, <120, <150 cm in Adio, Jago and Matako and Oshun 169 

series respectively. The soil texture ranged between loamy sand and sandy loam down the 170 

profile for all the soil series where the bulk density increased with soil depth and averages of 171 

1.78, 1.79, 1.87 and 1.71 g/cm
3
 in Adio, Jago, Matako and Oshun series respectively.  Saturated 172 

hydraulic conductivity (ks) was higher on the surface soil layer and decreased sharply with 173 

depth. The inland valleys ranged texturally from loamy sand to sandy loam and would be very 174 

suitable for vegetable production because of their densely packed structures and lower bulk 175 

density at the top- soil. Following their physiography, soils of this nature will be suitable for 176 



Shittu
 
et al.: Analysis of soil physical properties and saturated hydrualic conductivity 

 levels of valley bottom land on the basement  complex. 

World Journal of Applied Science and Technology, Vol. 6  No.1  (2014). 26 - 31  30 

dry season farming since on their irrigation those probable problems  are of moisture retention 177 

or soil erodibility would be reduced to minimal.    178 

 179 
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