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A study of some soil properties that influence infiltration under different land use types 
and slope positions in sandstone-derived soils was carried out in Akwa Ibom State, 
Southern Nigeria. Soil samples were collected in triplicate for laboratory analyses and 
infiltration tests were conducted using the double ring infiltrometer method. Analysis 
of variance, correlation and regression analyses were used to assess the data Oil Palm 
Plantation and Fallow Land increased the organic matter content of the soil, reduced 
bulk density, increased the soil porosity and aggregate stability over Continuously 
Cultivated Land. Downslope soil movement caused the upper slopes to lose their clay 
and organic matter to the middle and lower slope soils. Initial infiltration rate, final 
infiltration rate, cumulative infiltration, sorptivity and transmissivity varied highly 
across the studied locations but were not significantly (P ≤ 0.05) affected by land use, 
slope position and their interactions.  Apparently higher infiltration rates were 
observed in all slope positions under Oil Palm Plantation and Fallow Land as a result of 
their apparently higher clay contents, total porosity, mean weight diameter, saturated 
hydraulic conductivity and organic matter contents over those of Continuously 
Cultivated Land. Heavier organic matter input will help to modify the upper slope soils 
for increased infiltration rates. Plantation agriculture should be adopted and continuous 
cultivation discouraged to increase water infiltration on sloppy terrains of the study 
area.  
 

Contribution/Originality: This study is one of very few studies which have investigated the combined effect of 

land use and slope position on infiltration characteristics and has demonstrated that infiltration tend to increase 

towards the lower slope position of vegetated lands compared to upper slopes rendered bare by continuous 

cultivation.  

 

1. INTRODUCTION 

Infiltration is a physical phenomenon and a major process of the hydrologic cycle occurring at the soil-

atmosphere interphase (Mbagwu, 1995). It is the process of water entry into the soil, generally by downward flow 

from the soil surface into the soil profile (Hillel, 2004; Lal, 1981) and through which water is made available in the 

soil for the survival and growth of plants and soil organisms. It is a key to soil and water conservation (Ogban et al., 

2012) because the amount of water infiltrating the soil surface has a direct influence on the magnitude of surface 

runoff, erosion, and the recharge of both soil and ground water (Liu et al., 2011). 

Factors that control infiltration rates include soil properties that strongly affect hydraulic conductivity, 

diffusivity and water holding capacity and these are soil texture, structure, composition, and degree of compaction, 

which also influence soil matric forces and pore space (Turner, 2006). While there are standard values of infiltration 
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rates available for different soil types, factors such as land and slope positions cover also have a documented 

influence on infiltration rates. This makes infiltration highly variable across spatiotemporal scales (Soderberg, 

2015). Generally, infiltration is highly variable because all factors that affect infiltration are spatially and temporally 

heterogeneous (Freeze & Cherry, 1979). This high variability and measurement uncertainties of infiltration make 

generalization of point data to larger areas dubious (Youngs, 1991) thus the need for continuous site-specific 

infiltration studies. 

Previous studies have reported the effects of different land use types on infiltration characteristics of soils. 

Osuji, Okon, Chukwuma, and Nwarie (2010) studied arable crop land, bush fallow, continuously cultivated land and 

pineapple orchard and found fallow land to have highest infiltration rates. Ogban and Utin (2015) studied oil palm 

plantation, fallowed land and cultivated land and found no significant (P ≤ 0.05) differences in initial infiltration (io), 

sorptivity  (S)  and  transmissivity  (A)  among  the  land  use  types. Significant (P<0.05) differences were observed 

in the final infiltration rate (if) in the order OPP>FLL>CFL. Cumulative infiltration (I) was similar in FFL and 

CFL but significantly lower than the value obtained in OPP.  

In the same vein, slope position has been observed by many authors to affect water infiltration into soils. Cerdia 

(1996) reported slope position as one of the factors that determine infiltration rates in Southeast Spain. In their 

study of landscape position effect on selected soil physical properties in south-central Iowa, Guzman and Al-Kaisi 

(2011) found infiltration rates to be much greater in the toe-slope than the summit.  Shukla, Lal, and Unkefer (2003) 

reported that among the parameters related to infiltration, it was only sorptivity that was significantly affected by 

slope position. Conversely, Yimer, Messing, Ledin, and ABdelkadir (2008) found no significant (P ≤ 0.05) 

differences in infiltration characteristics across different slope positions. 

Akwa Ibom State, located in the Southern Nigeria, has a variety of landforms and parent materials such as 

coastal plan sands which overs over 80 % of the state. Others are sandstone, beach ridge sands and alluvial deposits. 

Sandstones are found in Ini, Ikono and part of Itu areas of the State. They have lands of enchanting steep-sided 

hills, valleys and sharp-crested sandstone ridges separated by deep valleys and these lands are being put to a variety 

of agricultural uses. The present study is therefore aimed at determining the effect of land use and slope position on 

infiltration characteristics on sandstone soils in Akwa Ibom State, Nigeria, the knowledge of which will help in 

making proper soil management decisions aimed at engendering soil health and productivity in the study area. 

 

2. MATERIALS AND METHODS 

2.1. The Study Area 

The study was conducted in Ini area of northern Akwa Ibom State, which bears soils underlain by the 

sandstone parent material. Akwa Ibom State lies between latitudes 4° 30´ and 5°30´ N and longitudes 7° 27´ and 8° 

27´ E. It is located in the hot humid tropics, with a uniform climate which varies slightly from the coastal areas in 

the south to the north. The area experiences the wet season which takes place between April and October and the 

dry season which occurs between November and March. Rainfall ranges from about 3000 mm along the coast to 

2000 mm in northern fringes. The rainfall is bimodal with peaks in July and September (Petters, Adighije, Essang, 

& Ekpo, 1989). Relative humidity varies between 75 and 90 % with an average of 70%. The mean annual 

temperature ranges from 26° C to 28° C. 

Alluvial sands and clays cover over 80 percent of the state and constitute the Benin Formation, otherwise 

known as the Coastal Plain Sands. A belt of shale associated with sandstone and limestone stretches from the north 

to the north-east of the State. The soils are derived from the sandy parent materials and are highly weathered and 

dominated by low activity clay minerals (Petters et al., 1989). The soils have low contents of organic matter, base 

status and water storage capacity, and are highly susceptible to accelerated erosion and degradation (Enwezor, Udo, 

& Sobulo, 1981; Petters et al., 1989). 
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The native tropical rainforest vegetation has been almost completely replaced by secondary forest of 

predominantly wild oil palm trees of various densities of coverage, and woody shrubs such as Chromolaena odorata 

(siam weed) and various grass undergrowth. The predominant land use in the area as in most of the south-east is 

the cropping-bush fallow-cropping closed system and the major food crops grown are yams, cassava, maize and 

vegetables.  

 

2.2. Field Methods 

Soil samples were collected in triplicates based on nine combinations of land use and slope position as follows: 

continuously cultivated farmland (CFL) + upper slope (US), CFL + middle (MS), CFL + lower slope (LS), fallow 

land (FLL) + US, FLL+MS, FLL+LS, oil palm plantation (OPP) + US, OPP + MS and OPP + LS. This gave a 

total of twenty-seven (27) observation points. 

At each observation point, three random auger samples were collected at the depth of 0 – 20 cm. The samples 

were bulked and put into a polythene bag and labelled appropriately and were used for particle size and chemical 

analyses. Core samples were also collected using metal cylinders measuring 7.2 cm long and 6.8 cm internal 

diameter. The soil samples were held in the cylinders with cloth and rubber band and were used for the 

determination of saturated hydraulic conductivity and bulk density. Soil samples used in the determination mean 

weight diameter (MWD) was collected using spade and were carefully protected from structural degradation. 

Infiltration was also measured at each observation point using the double ring infiltrometer method (Food and 

Agriculture Organization, 1979). The infiltrometer, with an outer ring of 55 cm diameter and an inner ring of 30 

cm diameter was driven into the soil with the aid of a driving plate to a depth of 10 cm. The soil surface within the 

rings was covered with leaves to protect against direct water splash which could disrupt the surface structure and 

alter the infiltration results. Water was added to a depth of 15 cm and infiltration or the one-dimensional vertical 

flow of water was measured with aid of a plastic ruler in the inner ring while the outer ring served as a buffer 

against lateral flow of water.   

Measurements were taken only from the inner ring at 1 minute till a cumulative time of 10 minutes was 

reached, then at an interval of 2 minutes till a cumulative time of 20 minutes, then at every 5 minutes till a 

cumulative time of 50 minutes was reached and then at every 10 minutes till the end of the test at cumulative time 

of 120 minutes. The data generated were used to calculate the initial infiltration rate (io), the final infiltration rate 

(if) and cumulative infiltration. Sorptivity (S) and transmissivity (A) were determined using the mathematical and 

physical analysis of the infiltration process developed by Philip (1957) as follows: 

…………………………………………………………………………………………………...Eqn. 1 

where, 

I = cumulative infiltration or equivalent depth of water (cm), S = sorptivity, A = transmissivity, t = time. The 

constants A and S were determined by plotting a graph of di/dt against t-1/2; A is the intercept and S is the slope. 

 

2.3. Laboratory Methods 

Soil analyses were carried out at the University of Uyo Soil Laboratory. Particle size analysis was determined 

using the Bouyoucos hydrometer method (Dane & Topp, 2002).  Bulk density and saturated hydraulic conductivity 

were determined as described in Dane and Topp (2002). Total porosity was calculated from bulk density value.  Soil 

organic carbon was determined using the Walkley and Black wet oxidation method (Nelson & Sommers, 1996). 

Organic matter was calculated from values of organic carbon. Mean weight diameter (MWD) was calculated after 

the determination of aggregate size distribution with 4, 2, 1, 0.5 and >0.25 mm sieve size (Kemper & Rosenau, 

1986). Mean weight diameter (MWD) of water stable aggregates was therefore calculated thus: 
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 …………………………………………………………………………………………….Eqn. 2

  

where Xi is the mean diameter of the ith sieve size and Wi is the proportion of the total mass of aggregates in the 

ith fraction.      

 

2.4. Data Analysis 

Data were assessed using the analysis of variance at 95 % confidence level and mean separated using the least 

significant different (LSD). Associations between soil properties and infiltration characteristics were determined 

using correlation analysis, while the simple linear regression was used to find the relationship between cumulative 

infiltration and soil properties. Data analyses were achieved with the aid of the Genstat Discovery Edition and IBM 

SPSS Statistical packages.  

 

3. RESULTS AND DISCUSSION  

3.1. Effect of Land Use on Some Soil Properties   

Effect of land use on some soil properties are presented in Table 1. The results show that continuous farmland 

(CFL) contained significantly (P≤0.05) higher coarse sand than fallow land (FLL) and oil palm plantation (OPP), 

while the reverse was the case with fine sand and clay contents. The higher concentration of coarse sand in CFL 

may be due to the frequent tillage, which may have disrupted the structural integrity of the soil and accelerated 

surface runoff and soil erosion (Al-Kaisi, 2019) through which most of the fine soil particles were lost, leaving the 

coarse sand to dominate. Conversely, the FLL and OPP experienced no frequent structural degradation, this 

reduced the ease of detachment and movement of fine sand and clay particles when compared with CFL. 

 
Table-1. Effect of land use and slope position on soil properties. 

 
CS FS Silt Clay BD TP MWD Ksat OM 

 
g kg-1 Mg m-3 M3 m-3 Mm cm h-1 % 

CFL 651 190 66 93 1.58 0.40 0.65 4.51 2.49 
FLL 604 226 56 114 1.42 0.46 1.17 8.98 3.15 
OPP 614 214 59 113 1.45 0.45 1.18 8.17 3.12 

Sig 0.00 0.00 0.35 <.001 <.001 <.001 <.001 0.01 <.001 

LSD(0.05) 25 17 ns 10 0.05 0.02 0.11 2.80 0.25 
Note: CS – coarse sand, FS – fine sand, BD – bulk density, TP – total porosity, MWD – mean weight diameter, Ksat – saturated hydraulic conductivity, 
OM – organic matter, ns – not significant. 

 

Bulk density observed in CFL was significantly (P ≤ 0.05) higher than those of FLL and OPP Table 1. This 

could be attributed to the fact that management practice involved in CFL reduced soil cover, organic matter 

content, destroyed soil structure and promoted soil compaction (USDA, 2014) as against the cases of FLL and OPP 

that witnessed no such frequent disturbances. The contents of coarse sand, fine sand, clay and bulk density observed 

in FLL and OPP were not significantly (P≤0.05) different. 

In the cases of total porosity, mean weight diameter of water stable aggregates, saturated hydraulic 

conductivity and organic matter content Table 1 FLL and OPP were similar but significantly (P ≤ 0.05) higher 

than what were observed in CFL. The increased input of vegetal debris and absence of soil disturbance which 

characterize soils of FLL and OPP over that of CFL were responsible for these results. The increased input of 

vegetal debris improved the organic matter status of soils (Bot & Benites, 2005) under FLL and OPP. The reduced 

bulk density, increased total porosity, soil aggregation and saturated hydraulic conductivity in FLL and OPP is 

suggestive of improved soil structural conditions (Blanco & Lal, 2008; Carrizo, Alesso, Cosentino, & Imhoff, 2014) 

under FLL and OPP as opposed to CFL. Cooperband (2002) had reported that organic matter, despite its small 

percentage in soil is the foundation of a healthy and productive soil. Other research works agree that organic matter 
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reduces bulk density, increases total porosity (Chaudhari, Ahire, Ahire, Chkravarty, & Maity, 2013) improves soil 

aggregation as one of the main abiotic binding agents (the other being clay) in the formation and stabilization of 

aggregates (Chenu, Le Bissonnais, & Arrouays, 2000; Duchicela et al., 2012; Liu et al., 2017; Portella, Guimarães, 

Feller, Fonseca, & Tavares Filho, 2012). 

 

3.2. Effect of Slope Position on Some Soil Properties   

Effect of slope position on coarse sand (CS), fine sand (FS), silt, bulk density (BD), total porosity (TP), mean 

weight diameter of water stable aggregates (MWD) and saturated hydraulic conductivity (Ksat)  were not 

significantly (P ≤ 0.05) affected by slope position Table 2. Previous research works have equally reported non-

significant difference in sand content (Yeshaneh, 2015) bulk density and total porosity (Moges & Holden, 2008) and 

saturated hydraulic conductivity (Rivera, 2010) among different slope positions.  

 
Table-2. Effect of slope position on some soil properties. 

 
CS FS Silt Clay BD TP MWD Ksat OM 

 
g kg-1 Mg m-3 M3 m-3 Mm cm h-1 % 

US 635 210 56 99 1.51 0.43 1.02 7.95 2.72 
MS 627 208 56 108 1.49 0.44 0.99 7.06 2.96 
LS 606 211 69 114 1.46 0.45 0.98 6.65 3.09 

Sig 0.07 0.94 0.10 0.02 0.20 0.20 0.66 0.61 0.02 

LSD(0.05) ns ns ns 10 ns ns ns ns 0.25 
Note: CS – coarse sand, FS – fine sand, BD – bulk density, TP – total porosity, MWD – mean weight diameter, Ksat – saturated hydraulic conductivity, OM 
– organic matter, ns – not significant. 

 

Clay was significantly (P ≤ 0.05) affected by slope position with LS having the highest clay content, which was 

equal with that of MS but significantly (P ≤ 0.05) higher than that of US. A similar trend as that of clay was 

observed with organic matter Table 2. The higher clay and organic matter contents in middle and lower slopes 

compared with upper slope can be linked to the loss of soil and movement from the upslope regions by runoff and 

eventual deposition at the middle and lower slope regions. Jenny (1994) mentioned slope as a factor influencing the 

extent of soil loss due to erosion. Soils can also be slowly moved downslope through gravitational force (Blanco & 

Lal, 2008) this is called creep (Lal, 1981). When soils particles are detached and transported from their original 

place, they move with materials such as organic matter, clay, nutrients, etc. and are deposited elsewhere. This is 

possibly the reason for the higher content of clay and organic matter at the MS and LS positions compared with the 

US position. Yeshaneh (2015) similarly reported highest clay content at the lower and middle slopes than at the 

upper slope while Bot and Benites (2005) asserted that organic matter accumulation is often favoured at the lower 

slope regions. 

 

3.3. Interactive Effect of Land Use and Slope Position on Some Soil Properties   

The influence of land use on studied soil properties were greater than that of slope position while the 

interactive effect of both (land use and slope position) did not have significant (P ≤ 0.05) effects on the studied soil 

properties Table 3. This means that no particular slope position under the studied land use types was quite different 

from others in terms of the soil properties studied. However, apparent differences in clay, BD, TP, MWD, Ksat and 

OM were observed between in different slope positions of CFL, FLL and OPP Table 3. The least of clay contents, 

TP, MWD, Ksat and OM were observed in the slope positions of CFL compared to those of FLL and OPP. This is 

suggestive of the low structural stability of soils at all slope positions of CFL as compared with those of OPP and 

FLL. 
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Table-3. Interactive effect of land use and slope position on some soil properties. 

  
CS FS Silt Clay BD TP MWD Ksat OM 

  
g kg-1 Mg m-3 M3 m-3 Mm cm h-1 % 

CFL US 660 199 53 88 1.62 0.39 0.65 5.14 2.36 

 
MS 642 189 72 97 1.57 0.41 0.67 4.07 2.59 

 
LS 652 181 72 95 1.57 0.41 0.65 4.32 2.53 

FLL US 607 229 55 108 1.44 0.46 1.20 8.19 3.01 

 
MS 626 220 43 110 1.42 0.46 1.19 8.35 3.06 

 
LS 577 229 69 125 1.41 0.47 1.11 10.39 3.39 

OPP US 638 203 60 99 1.46 0.45 1.22 10.54 2.79 

 
MS 614 216 52 118 1.47 0.45 1.13 8.75 3.23 

 
LS 590 223 65 122 1.41 0.47 1.18 5.23 3.34 

Sig.  0.27 0.41 0.31 0.42 0.76 0.76 0.77 0.25 0.48 

LSD(0.05)  ns ns ns ns ns ns ns ns ns 
Note: CS – coarse sand, FS – fine sand, BD – bulk density, TP – total porosity, MWD – mean weight diameter, Ksat – saturated hydraulic conductivity, OM – 
organic matter, ns – not significant. 

 

3.4. Effect of Land Use on Infiltration Characteristics 

Infiltration characteristics were not significantly (P ≤ 0.05) affected by land use Table 4 but apparent 

considerations show that CFL had the lowest initial infiltration rate (io) of 0.61 cm min-1, lowest final infiltration 

rate (if) of 0.26 cm min-1, lowest cumulative infiltration (I) of 30.59 cm, lowest sorptivity (S) of 0.25 cm min-1/2 and 

lowest transmissivity (A) of 0.53 cm min-1. Infiltration characteristics of FLL were apparently next to those of CFL 

while those of OPP were the highest with values of 1.19 cm min-1, 0.61 cm min-1, 73.59 cm, 0.51 cm min-1/2and 1.00 

cm min-1 for io, if, I, S and A, respectively. This apparent higher infiltration rates in OPP and FLL over CFL can be 

attributed to the significantly (P ≤ 0.05) higher organic matter content observed in OPP and FLL than in CFL. The 

higher organic matter content may have reduced compaction and increased porosity (Cooperband, 2002) thus the 

increased infiltration of OPP and FLL soils over CFL soil in which continuous cultivation had burned up organic 

matter considerably, caused soil compaction and closure of pores (Gol & Dengiz, 2008).  

 
Table-4. Effect of land use on infiltration characteristics. 

 
io if I S A 

 
cm min-1 cm cm min-1/2 cm min-1 

CFL 0.61 0.26 30.59 0.25 0.53 
FLL 1.09 0.54 65.93 0.48 0.89 
OPP 1.19 0.61 73.59 0.51 1.00 

Sig. 0.17 0.09 0.08 0.32 0.26 

LSD(0.05) ns ns ns ns ns 
Note: io – initial infiltration rate, if – final infiltration rate, I – cumulative infiltration, S – sorptivity, A – transmissivity. 

 

3.5. Effect of Slope position on Infiltration Characteristics 

Table 5 presents the means of infiltration characteristics as affected by slope position. The respective mean 

values of io, if, I, S and A were 0.82 cm min-1, 0.41 cm min-1, 50.22 cm, 0.36 cm min-1/2 and 0.67 cm min-1 in the US 

soils; that of MS soils were 0.92 cm min-1, 0.47 cm min-1, 56.46 cm, 0.39 cm min-1/2 and 0.80 cm min-1 while those of 

LS were 1.15 cm min-1, 0.53 cm min-1, 63.43 cm min-1, 0.49 cm min-1/2 and 0.94 cm min-1. The general trend of 

infiltration characteristics on the basis of slope position was LS > MS > US Table 5. This downslope increase in 

infiltration can be linked to the increase in organic matter which was also observed in that direction. In addition, 

bulk density reduction and increase in total porosity, though not significantly (P ≤ 0.05) different among the 

different slope positions, were also observed downslope. The higher organic matter, lower bulk density and higher 

total porosity enhanced water infiltration (Bot & Benites, 2005; USDA, 2014).≤ 
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Table-5. Effect of slope position on infiltration characteristics. 

 
io if I S A 

 
cm min-1 cm cm min-1/2 cm min-1 

US 0.82 0.41 50.22 0.36 0.67 
MS 0.92 0.47 56.46 0.39 0.80 
LS 1.15 0.53 63.43 0.49 0.94 

Sig 0.56 0.77 0.79 0.77 0.65 

LSD(0.05) ns ns ns ns ns 
Note: io – initial infiltration rate, if – final infiltration rate, I – cumulative infiltration,  
S – sorptivity, A – transmissivity. 

 

3.6. Interactive Effect of Land Use and Slope Position on Infiltration Characteristics 

Soil infiltration characteristics were also not significantly (P ≤ 0.05) affected by the interactive effect of land use 

and slope position Table 6. This means that no particular slope position under any of the studied land use types was 

quite different from the others in infiltration characteristics. Apparent considerations however showed CFL+US to 

have the lowest io (0.37 cm min-1), if (0.12 cm min-1), I (14.37 cm), S (0.08 cm-1/2) and A (0.55 cm mi-1). Generally, 

higher infiltration rates were observed in all slope positions under OPP and FLL compared to those of CFL. The 

apparent lower clay contents, total porosity, mean weight diameter, saturated hydraulic conductivity and organic 

matter contents observed in all slope positions of CFL could be attributed to excessive tillage and suppressed  

vegetation and may have been responsible for the lower infiltration (Bot & Benites, 2005; USDA, 2014) observed in 

CFL than in OPP and FLL.  

Infiltration characteristics in the study area were highly variable (> 35%) Table 6. The high variability in 

infiltration characteristics decreased their significance and confidence levels, thus the non-significant (P ≤ 0.05) 

effect of land use and slope position on infiltration characteristics found in this study. Singh, Sihag, and Singh 

(2014) and Soderberg (2015) also reported high variability of infiltration characteristics. Freeze and Cherry (1979) 

attributed the high variability of infiltration to the spatial and temporal heterogeneity of factors that affect 

infiltration. Yimer et al. (2008) equally found no significant (P ≤ 0.05) differences in infiltration capacity across 

different slope positions and land use types. 

 
Table-6. Interactive effect of land use and slope position on infiltration characteristics. 

  

io if I S A 

  
cm min-1 cm cm min-1/2 cm min-1 

CFL US 0.37 0.12 14.30 0.08 0.55 

 
MS 0.73 0.29 34.34 0.34 0.63 

 
LS 0.73 0.30 43.07 0.31 0.41 

FLL US 0.66 0.38 46.89 0.22 0.57 

 
MS 1.02 0.51 62.04 0.39 1.03 

 
LS 1.58 0.74 88.86 0.83 1.06 

OPP US 1.44 0.74 89.39 0.78 0.89 

 
MS 1.00 0.61 73.00 0.43 0.76 

 
LS 1.13 0.49 58.37 0.32 1.35 

Sig  0.54 0.58 0.59 0.23 0.72 

LSD(0.05)  ns ns ns ns Ns 
CV (%)  66.12 73.17 72.87 98.08 71.41 

Note: io – initial infiltration rate, if – final infiltration rate, I – cumulative infiltration, S – sorptivity, A – transmissivity. 

 

3.7. Correlations of Soil Properties and Infiltration Characteristics 

Table 7 presents the correlations between some soil properties and infiltration characteristics. Initial 

infiltration rate correlated significantly and positively with total porosity (r = 0.620, P ≤ 0.01) and saturated 

hydraulic conductivity (r = 0.445, P ≤ 0.05). The correlation of initial infiltration with bulk density was negative (r 

= -0.620, P ≤ 0.01). Final infiltration rate and cumulative infiltration correlated significantly and positively total 
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porosity and saturated hydraulic conductivity while their correlations with bulk density were negative Table 3. 

These results show that infiltration rates were strongly associated with soil structural characteristics.  

Sorptivity correlated significantly and positively with total porosity (r = 0.544, P ≤ 0.01) because it is the 

gravity-free, capillary-induced absorption (Clothier & Scotter, 2002) thus its strong and positive association 

observed with total porosity, which are the soil “capillary tubes”.  Sorptivity also had a significant and positive 

correlation and saturated hydraulic conductivity (r = 0.430, P ≤ 0.05) because they are conceptually related 

constructs. Sorptivity is an integral soil-water property that contains information about the soil hydraulic 

conductivity (White & Perroux, 1987) and the two are not independent variables but the latter is roughly 

proportional to square of the former (Clothier & Scotter, 2002). The correlation between sorptivity and bulk density 

was negative (r = -0.544, P ≤ 0.01). Transmissivity correlated significantly and positively with fine sand (r = 0.392, 

P ≤ 0.05) and mean weight diameter (r = 0.476, P ≤ 0.01). Fine sand (a component of soil texture) and mean weight 

diameter, (index of soil aggregation) are directly related to soil porosity (Hillel, 2004). These explains the positive 

correlation between then and transmissivity observed in this study. The significant and positive correlation of 

transmissivity with fine Transmissivity is a gravity factor, which is due to the impact of pores on the flow of water 

through soil and is closely related to hydraulic conductivity.  

Initial and final infiltration rates, cumulative infiltration and sorptivity showed strong and negative 

associations with bulk density while their associations with total porosity were strong and positive. This is so 

because soil pores (large pores) are the conduits through which water passes and also serve as the storage spaces for 

soil water. Therefore, increase in such conduits and storage spaces must have a direct influence on infiltration while 

the reverse is obtained when the storage spaces are reduced as shown by an increase in bulk density. Negative 

correlation of infiltration rates or cumulative infiltration with bulk density had been reported in previous research 

works (Chen, Yuan, Shao, Wang, & Mu, 2014; Gebreselassie, Amdemariam, Haile, & Yamoah, 2009; Ogban & Utin, 

2015; Patle, Sikar, Rawat, & Singh, 2019).  

 

3.8. Regression of Cumulative Infiltration with Some Soil Properties 

Simple linear regression of cumulative infiltration with bulk density and saturated hydraulic conductivity were 

significant (P≤0.05) while the relationships with other soil properties were not significant (P≤0.05) Table 8. The 

relationship of cumulative infiltration with bulk density was negative whereas there was a positive relationship with 

saturated hydraulic conductivity. The negative relationship between bulk density and infiltration agrees with the 

works of Okon and Osuji (2014); Patle et al. (2019). 

 

4. CONCLUSION  

This study was aimed at determining the effect of land use and slope position on sandstone in Akwa Ibom 

State, Nigeria. The study showed that oil palm plantation and fallowed land encouraged the maintenance of soil 

cover, increased the organic matter content of the soil, reduced bulk density, increased the soil porosity, improved 

the stability of soils against forces of detachments and transportation as well as increased the infiltration capacity of 

the soil. Downslope movement of soil particles caused the upper slope region to lose most of its organic matter 

contents to the middle and lower slope regions. The practice of regular land fallowing and plantation agriculture on 

sloppy terrains therefore promises to help maximize the benefits of increased water infiltration which is necessary 

for improved soil health and productivity. Soil management options that encourage heavier input of organic 

materials in the upper slope soils are advocated. 
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Table-7. Associations (correlations) between soil properties and infiltration characteristics. 

 
io if I S A CS FS Silt Clay BD TP MWD Ksat OM 

io 1.000 
    

         if 0.892** 1.000 
   

         I 0.892** 1.000** 1.000 
  

         S 0.901** 0.825** 0.823** 1.000 
 

         A 0.594** 0.353 0.355 0.247 1.000 
         CS -0.256 -0.335 -0.335 -0.115 -0.246 1.000 

        FS 0.186 0.243 0.251 0.008 0.392* -0.755** 1.000 
       Silt 0.055 0.136 0.131 0.063 -0.238 -0.419* -0.139 1.000 

      Clay 0.255 0.261 0.256 0.185 0.253 -0.721** 0.412* 0.054 1.000 
     BD -0.620** -0.658** -0.662** -0.544** -0.310 .657** -0.555** -0.131 -0.549** 1.000 

    TP 0.620** 0.658** 0.662** 0.544** 0.310 -0.657** 0.555** 0.131 0.549** -1.000** 1.000 
   MWD 0.257 0.241 0.246 0.094 0.476* -0.503** 0.609** -0.312 0.608** -0.608** 0.608** 1.000 

  Ksat 0.445* 0.558** 0.559** 0.430* 0.231 -0.428* 0.510** -0.039 0.274 -0.456* 0.456* 0.448* 1.000 
 OM 0.270 0.272 0.269 0.181 0.304 -0.725** 0.467* -0.003 0.991** -0.589** 0.589** 0.707** 0.318 1.000 

Note: io – initial infiltration rate, if – final infiltration rate, I – cumulative infiltration, S – sorptivity, A – transmissivity, CS – coarse sand, FS – fine sand, BD – bulk density, TP – total porosity, MWD – mean weight diameter,  
Ksat – saturated hydraulic conductivity, OM – organic matter. 
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Table-8. Simple linear regression of cumulative infiltration with some soil properties. 

Dependent Variable Independent Variable Intercept Slope R2 n p 

Cumulative Infiltration 

CS 310.1 -0.407 0.112 27 0.09 
FS -4.272 0.471 0.063 27 0.21 
Silt 37.041 0.327 0.017 27 0.52 
Clay -20.829 0.725 0.066 27 0.20 
BD 508.386 -304.278 0.438 27 0.00 

MWD 19.061 37.669 0.06 27 0.22 
Ksat 8.556 6.67 0.313 27 0.02 
OM -22.576 27.131 0.072 27 0.18 

Note: CS – coarse sand, FS – fine sand, BD – bulk density, MWD – mean weight diameter, Ksat – saturated hydraulic conductivity, OM – organic matter. 
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