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Abstract 
The water intake characteristics of soils under different soil conditions were 

studied in Federal College of Forestry, Jos, Plateau State, Nigeria. The 

study aimed at examining the effects of different soil condition as it affect 

water intake characteristic. The Gravimetric and infiltration test was 

performed in three different condition of the soil, tilled, untilled and Tractor 

tracked soil. Double ring infiltrometer was used to study the infiltration 

characteristics of the soil on farm and Horton’s equation was adopted for 

the data analysis. From the analysis, the soil characteristics constant K 

obtained were 0.038, 0.020, and 0.023. The soil intake characteristic 

equation for all the three soil conditions were expressed as F=9.0t + 

2921.05[1-  F=1.56t + 3702[1-  F=4.44t+1335.65[1-

 The result shows that Tilled land had the highest average 

infiltration of 120cm/hr while Compacted land experienced the least 

average rate of 38 cm/hr which implies that most irrigation methods could 

be adopted on the Tilled plot while sprinkler and drip systems of irrigation 
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can best suit the non-tilled and compacted land.This study enable the 

comparison of the parameters obtained from all the soil conditions of the 

location. These results will guide farmers in designing a good and workable 

irrigation system in the future. 

 

Keywords: Infiltration capacity, infiltration rates, Soils, infiltrometer, 

Horton. 

 

Introduction 
The soil is an integral component of 

the hydrological cycle, directly 

influencing infiltration, storm runoff, 

evapotranspiration, interflow, and 

aquifer recharge. Understanding the 

nature of water movement in the soil 

and its quantification is essential to 

solving a variety of problems like 

prediction of runoff from given 

precipitation events for the purposes 

of erosion control; sediment transport 

and flood control; estimation of water 

availability for plant growth; 

estimation of water recharge to the 

underlying aquifer; and assessment of 

the potential for aquifer contamination 

due to migration of water soluble 

chemicals present in the soil (EPA, 

1998). Consequently, the study of 

soil-water movement has interested 

scientists from diverse disciplines 

such as soil science, hydrology, 

agriculture, civil engineering, and the 

environmental sciences for several 

years. In an attempt to address this 

problem Breckenridge et al. (1994), 

explained the techniques for 

characterizing soils for their chemical, 

physical, and hydraulic properties.  

Infiltration rate is the velocity at 

which water seeps into the soil profile, 

it is a measure of the rate at which soil 

is able to absorb rainfall or irrigation, 

measured in inches per hour or 

millimeters per hour; it decreases as 

the soil becomes saturated (Osuji, 

1984). The rate of infiltration can be 

measured using an infiltrometer, a 

relatively simple and accurate method 

(Barrow, 1987). The movement of 

water into the soil by infiltration may 

be limited by any restriction to the 

flow of water through the soil profile, 

the major factors affecting the 

infiltration of water into the soil are 

the initial moisture content, condition 

of the soil surface, hydraulic 

conductivity of the soil profile, 

texture, porosity, degree of swelling of 

soil colloids and organic matter, 

vegetative cover, duration of ponding 

water, irrigation or rainfall and 

http://en.wikipedia.org/wiki/Rainfall
http://en.wikipedia.org/wiki/Irrigation
http://en.wikipedia.org/wiki/Infiltrometer
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viscosity of water, it is affected by  ease of entry, storage capacity, soil texture; 

soil structure, vegetation types , water content of the soil, soil temperature, and 

rainfall intensity, all play a role in controlling infiltration rate and capacity. 

(Saxton et al., 1982; Sharma, 2007).  

Infiltration capacity is the maximum rate at which water can enter a particular 

soil; different soil types have different Infiltration capacities. If the arrival of 

the water at the soil surface is less than the infiltration capacity, all of the water 

will infiltrate. It is a known fact that the use of heavy machines on soil leads to 

soil compaction; compacted soils tend to have low infiltration rates and thus 

encourage high run off (Chancellor, 1977). If rainfall intensity at the soil surface 

occurs at a rate that exceeds the infiltration capacity, ponding begins and is 

followed by runoff over the ground surface, once depression storage is filled. 

This runoff is called Horton overland flow. High infiltration capacities will 

reduce run off and risks of water logging; any practice that degrades the 

structure of the soil will have an adverse effect on infiltration. Therefore, 

monitoring infiltration rates under different soil management regimes is a good 

indicator of how the practice will influence the rate at which water can move 

into the soil (Oosterbaan et al., 1994). Infiltration rates are generally lower in 

soils of heavy texture than on soils of light texture. The influence of water depth 

over soil on infiltration rate was investigated by many workers. It has been 

established by Horton’s (1940) and Green and Ampt (1911) that in surface 

irrigation, increased depth increases initial infiltration slightly but the head has 

negligible effect on prolonged irrigation. The purpose of this study is to develop 

the intake characteristics equation for the soils under conditions of tilled, non – 

tilled and tractor tracked soils using the Horton’s equation.   
 

MATERIALS AND METHODS 

Study Site: The experiment was carried out in biology Laboratory of Federal 

College of Forestry Jos, Plateau State, Nigeria. Jos is located in Northern 

Guinea savannah, between latitude 80 and 30’ and 100. 10 N and longitude 80 20’ 

and 90 30’ E. It has an average elavation of about 1250m above sea level and 

stands at aheight of about 600m above the surrounding plains. The average 

temperature in Jos ranges between 210C to 250C. The climate of the state is cool 

due to high altitude. The mean annual rainfall is 1260mm. The relative humidity 

increases from May to October and decreases gradually from November to 

April. Jos. The site is characterised by reduced tillage and intercopping system 

(Olowolafe, 2002). 

Field experimentation: The infiltration experiment was carried out using 

double ring infiltrometer and the data obtained were used to evaluate the soil 

characteristics constant K, infiltration rate and cumulative infiltration depth 

http://en.wikipedia.org/wiki/Soil_texture
http://en.wikipedia.org/wiki/Antecedent_soil_moisture
http://en.wikipedia.org/wiki/Temperature
http://en.wikipedia.org/wiki/Rainfall
http://en.wikipedia.org/wiki/Surface_runoff
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equations for the different conditions of the soils as described by Bertrand 

(1965).  

Soil sampling and Analysis: The containers for the collection of the soil 

samples were thoroughly washed and dried. This was done to maintain its 

moisture content. Three samples at three different depths were taken for each 

of the plots; tilled, non-tilled and tractor tracked respectively. The samples 

designated as T ( Tilled soil samples - T1, T2, T3), NT ( Non-tilled soil samples 

- NT1, NT2, NT3), TT ( Tractor tracked soil samples - TT1, TT2, TT3) and the 

points as A, B and C.  Soil Auger was used to collect the soil samples at 30m 

apart between points on each plot. The soil auger has a diameter of 6.5cm, radius 

of 3.25cm and height as 6.4cm; it was used for the whole experiment. The 

containers were covered and labeled after collection and then taken to the 

Laboratory, for analysis. The moisture depth was carried out at a depth of 0-

15cm, 15-30cm, 30-45cm, the volume of the sample cup used is 212.37cm3, a 

double ring infiltrometer of 30cm inner diameter and 60cm outer diameter was 

locally constructed and used with a thickness of 0.15cm, the time of refilling 

the inner and outer cylinder after every reading varies with about 2seconds, 

depth of installation of cylinders at different sites varies but it is assumed that 

the experiment are subjected to the same conditions for all plots, the soil 

moisture, texture and other properties varies at different plots under different 

conditions, the condition of the soil vary due to the history and cultural practices 

on the soil. The soil samples were weighed with digital weighing machine and 

oven dried for 24 hours at a constant temperature of 1050. The soil porosity, 

bulk density and moisture content were determined. 

 

RESULT AND DISCUSSION 

Presentation and Discussion of result: The results of the measured infiltration 

rates  showed that the infiltration rate is higher in tilled soil than the non tilled 

soil or compacted (tractor tacked) soils . This is attributed to the loss nature of 

the tilled soil and void spaces being created, the undisturbed nature of soil in 

the untilled soil and the increased soil strength in compacted soil. This will 

affect the water that will infiltrate into the soil at a given time, the rate of runoff 

will be high in soil of low infiltration and hence proper drainage is needed to 

curtail water logging problems. The graph for the Average infiltration rate 

versus ponding time, infiltration rate versus accumulated depth and plot of log 

f versus ponding time for all the plots (Tilled, Non-tilled and Compaction soils) 

are given in figure 1, 2 and 3. The soil characteristic constant k of the farm   

were; 0.038, 0.020, 0.023. The infiltration depth rate equation for the tilled, non-

tilled and compacted soils respectively are given below; 

 f = 9.0 + 111 ,      1 

 f = 1.56 + 74.04 ,     2 
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 f = 4.44 + 30.72 ,     3 

The cummulative infiltration depth equation for tilled, non-tilled and compacted 

soil were; 

 F =9.0t + 2921.05[1- ,     4 

 F =1.56t + 3702[1- ,     5 

 F =4.44t+1335.65[1-      6 

 The Soil moisture, Bulk density and Porosity were  determined at different 

depth as shown in  Tables 1, 2 and 3. The average moisture content are; 12.70, 

12.17 and 12.31% respectively. The soil moisture increases with an increase in 

the difference in weight obtained from the fresh and dry weight of soil samples. 

The average bulk density are; 0.64, 0.59 and 0.59g/cm3. The average bulk 

density obtained increases with decrease in the average moisture percentage. 

The average porosity are; 75.97, 77.74 and 77.61% respectively. The average 

porosity is observed to increase as the bulk density decreases. 

 

Table 1: Bulk density, Porosity and Moisture content of the soil for Plot A 

(Tilled Soil). 

Depth (cm) Bulk Density (g/cm3) Porosity (%) Moisture content in percent (%) 

0 – 15  0.65   75.47   16.19  
15 -30  0.63   76.23   11.91  
30 – 45  0.63   76.23   9.99  
Average   0.64     75.97     12.7   

   

Table 2: Bulk density, Porosity and Moisture content of the soil for Plot B 

(Non-Tilled Soil) 

Depth (cm) Bulk Density (g/cm3) Porosity (%) Moisture content in percent (%) 

0 – 15  0.58   78.24   13  
15 -30  0.57   78.36   12.36  
30 – 45  0.63   76.35   11.16  
Average   0.59     77.74     12.17   

 

Table 3: Bulk density, Porosity and Moisture content of the soil for Plot 

C(Compacted Soil)  

Depth (cm) Bulk Density (g/cm3) Porosity (%) Moisture content in percent (%) 

0 – 15  0.63   76.23   14.3  
15 -30  0.55   79.25   11.86  
30 – 45  0.61   76.86   10.78  
Average   0.59     77.61     12.31   



 

274  africanscholarpublications@gmail.com                                                                               

 2020 

 

 
                    

 
 

 

A
v
e
ra

g
e

 I
n

fi
lt

ra
ti

o
n

 R
a
te

 (
c
m

/h
r)

Time (Min)Fig 1: Average Infiltration Rate Versus Ponding Time 
for Tilled, Non -Tilled and Compacted Soil

Tilled

Non-Tilled

Compacted

In
fi

lt
ra

ti
o

n
 R

a
te

 (
c
m

/h
r)

Accumulated Depth (cm)
FIg 2: Infiltration Rate Versus Accumulated Depth

Tilled

Non-Tilled

Compacted

L
o

g
 f

TIme  (Min)

Fig 3: Plot of Log f Versus Ponding Time

Tilled

Non-Tilled

Compacted



 

275  africanscholarpublications@gmail.com                                                                               

 2020 

 

The results showed that the infiltration rate is higher in tilled soil with average 

infiltration of 120cm/hr than the non tilled soil (76cm/hr) and tractor tack 

(38cm/hr) soils. This is attributed to the loss nature of the tilled soil and void 

spaces being created, the undisturbed nature of soil in the untilled soil and the 

increased soil strength in compacted soil. This will affect the water that will 

infiltrate into the soil at a given time, the rate of runoff will be high in soil of 

low infiltration and hence proper drainage is needed to curtail water logging 

problems. This result agrees with a similar work done by Osuji et. al., (2010) 

on infitration characteristics of soils under selected Land use practices in 

Owerri, Southern Nigeria. The variation in the results is due the different 

geographical location of the two sites. The graphs of average infiltration rate 

versus ponding time at different conditions have their points scattered, a curved 

slope is obtained in this graph. From this graph it is observed that the scattered 

point is due to the difference in the soil bulk density, porosity and moisture. The 

value of the graphs for the tilled soil is higher than that of non tilled and 

compacted soil. The graphs of the infiltration rate versus accumulated depth 

have the same pattern but different values. This is due to the difference in 

moisture percentage bulk density and the different texture of soil. The physical 

properties and chemical properties of soil also vary. The high clay content of 

the soil makes the infiltration rate low.  

 

CONCLUSIONS 

The result shows that different land use practices affect water intake 

characteristic due to the effect on the intrinsic properties of the soil, from the 

characteristic equations derived, the design of any irrigation system on the farm 

should consider these equations, before implementing the design. Soil 

characteristic equations should be derived for other soils before it is considered 

for any irrigation operation.  
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