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INTRODUCTION 

Water infiltration into soils has become a very important 

topic of discussion in soil water conservative practices and 

soil water management (Adindu et al., 2014). Infiltration 

is a major component of the general mass hydrologic 

budget. It plays a crucial role in the hydrology of both soil 

surface and subsurface (Amin et al., 2017). It has gained 

the interest of many field workers and researchers in the 

plant and earth sciences (Adindu et al., 2014; Okon & 

Osuji, 2014 & Henry et al., 2016). 

Due to shortage in annual rainfall in many geographical 

areas, most farmers rely on irrigation for dry season crop 

production. Therefore, it becomes very necessary to 

quantify soil infiltration in order to determine water 

availability for crop growth and to calculate the irrigation 

water requirement (Zolfaghari et al., 2012).  
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 A B S T R A C T  

 Infiltration experiment involve the use of large volumes of water with 

heavy infiltrometer. This study evaluated Kostiakov and Phillip infiltration 

models on the coastal plain soils of Owerri, Imo State. Four land use types; 

Plantain Plantation (PP), Forestry Botanical Garden (FBG), Fallow Land 

(FL) and Vegetable Farm (VF) were selected for the study, and two 

infiltration tests were carried out in situ using a double ring infiltrometer 

method. Kostiakov and Phillip infiltration equations were fitted based on 

data generated from field measurements. Basic infiltration rates for the four 

land uses were also determined, and they were in this order: PP > FL > 

FBG > VF. Plantain Plantation had the highest basic infiltration rate with a 

mean value of 3.95 cm/min, followed by Fallow Land (3.93 cm/min) and 

Forestry Botanical Garden (2.38 cm/min), while Vegetable Farm (1.40 

cm/min) had the lowest basic infiltration rate. Kostiakov model generated 

these equations: I = 0.06t1.3,I = 0.30t1.2, I = 0.21t1.3 and I = 0.05t1.3 for PP, 

VF, FBG and FL while Philip model gave these equations: I = -0.90t1/2 + 

7.56t, I = -0.95t1/2 + 7.56t, I = -2.76t1/2 + 9.84t, I = -1.96t1/2 + 7.05t for FL, 

PP,FBG and VF respectively. Philip model recorded high negative sorptive 

values. Root Mean Square Error (RMSE) and Coefficient of determination 

(R2) were computed for each model to determine the best fit. The Kostiakov 

model gave higher R2 values and the least RMSE values; therefore, it is 

selected as the best fit model for the soils of the study area. 

 

Received: January 12, 2024 

Accepted: March 24, 2024 

Available online: March 31, 2024  

Peer-review: Externally peer-

reviewed  

 
Copyright: © 2024 Author(s) 

This is an open access article 

under the  licensed under Creative 

Commons Attribution 4.0 

International License (https:// 

creativecommons.org/licenses/by/ 

4.0/) which permits unrestricted use, 

distribution, and reproduction in any 

medium, provided the original 

author and source are credited. 

Conflict of Interest: The authors 

have no conflicts of interest to 

declare 

Financial Disclosure: The 

authors declared that this study 

has received no financial support 

  K E Y W O R D S :  Infiltration models, Infiltration rate, Land use types, Soil properties. 

mailto:michaelaokon@gmail.com
https://journals.unizik.edu.ng/afnrj
https://www.doi.org/10.5281/zenodo.13981475
https://journals.unizik.edu.ng/afnrj
https://journals.unizik.edu.ng/afnrj
https://orcid.org/0009-0007-3701-0017
https://orcid.org/0009-0005-9538-5541
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0


Okon & Nkwo (2024)     Agriculture, Food and Natural Resources Journal 3 (1) 147-153 

 

 

AFNRJ | https://www.doi.org/10.5281/zenodo.13981475    

Published by Faculty of Agriculture, Nnamdi Azikiwe University, Nigeria.  

148 

 

 

Infiltration is the movement of water into the soil from the 

soil surface (Dagadu & Nimbalker, 2012). The velocity at 

which water enters the soil at any given time is the 

infiltration rate and it is the capacity of the soil to absorb 

water (Adindu et al., 2014).  Land use types and soil types 

are some of the factors that can influence the infiltration 

rate of soil depending on the condition of the surface of 

the soil and its physical and chemical properties (Siyal et 

al., 2002). When lands are put into different uses, it results 

in a change in the soil’s intrinsic properties which also 

affects the hydrologic equilibrium of the soils (Osuji et al., 

2010). Parent materials also profoundly influences the 

properties of soils formed from them (Okon et al., 2014), 

as they affect their physical, chemical and mineralogical 

properties. 

The infiltration characteristics of soils are quantified when 

data of infiltration measurements in the field are fitted into 

infiltration models mathematically (Oku & Aiyelari, 

2011). These models can then be used in designing and 

optimizing irrigation projects (Adindu et al., 2014). Some 

of the benefits of using infiltration models are substantial 

reduction in time and cost of field measurement of field 

infiltration when designing and optimizing irrigation 

projects. The models are adequate in predicting water 

infiltration to a reasonable of level of accuracy (Adindu et 

al., 2014).  

Numerous infiltration models are available for the 

estimation of infiltration rates (Mohammad et al., 2016) 

and they are classified as; empirical, semi-empirical and 

physical based (Mishra et al., 1999). Infiltration models 

can be used to estimate final soil infiltration rate though 

the values for each model parameter have been observed 

to be different due to the fact that parameters are soil 

dependent (Adindu et al., 2015). Different researchers 

have evaluated different infiltration models to get the best 

fit infiltration model for different locations (Oku 

&Aiyelari, 2011; Adindu et al., 2014; Henry et al., 2016). 

This research work therefore evaluated Kostiakov and 

Philip infiltration models on the coastal plain soils of 

Owerri to get the better fit model for the area. 

MATERIALS AND METHODS 

Study Area 

This study was carried out in the Federal University of 

Technology Owerri Teaching and Research Farm, 

Southeastern Nigeria which is located between Latitude 

5◦25ꞌN and 5◦30ꞌN and Longitude 7◦00ꞌE and 7◦10ꞌE. The 

area  has a maximum and minimum temperature of 32◦C 

and 20◦C respectively with mean annual rainfall of 

2500mm (Okon & Osuji, 2014). The rainy season starts 

from the month of March and ends in November with a 

bimodal distribution having two prominent seasons; the 

rain/wet season and the dry/harmattan season, the rainy 

season lasts from March to November while the 

dry/harmattan season lasts from December to February. 

Vegetation type of the area is a typical lowland rainforest 

nd the climate is humid tropics (Okon et al., 2021)Soils of 

the study area are derived from Coastal plain sands 

(Onweremadu et al., 2012).  

Sampling procedure and Data collection 

Reconnaissance visit was made to the study area and four 

land use types were selected for this study. They were; 

Plantain plantation (PP), Forestry Botanical Garden 

(FBG), Fallow land (FL) and Vegetable farm (VF). 

Infiltration rates and cumulative infiltration of these soils 

were determined in-situ randomly in different land use 

types and this was replicated twice. 

Determination of infiltration rate 

Infiltration rates were determined in situ using a double 

ring infiltrometer as described by Bertrand (1965). Two 

infiltration tests were carried out on each of the four land 

use types. The double ring infiltrometer measuring 30 cm 

and 60 cm respectively for inner and outer ring were 

driven into the ground to a depth of 7cm. Dried grasses 

and leaves were spread at the bottom of the rings to a 

depth of 5 cm to minimize soil surface disturbance when 

pouring water into the compartments. 

To ensure that water inside the inner ring flows vertically, 

water was first filled in the outer ring before filling the 

inner ring. This was done to ensure that the soil profile 

around the inner ring would be wet. Water intake or 

infiltrations of soils were read off with the help of a ruler 

attached. Water levels of the outer and the inner rings 

were maintained at same level and repeated readings of 

the water in the inner ring were taken at the interval of 2 

minutes and each experiment lasted for 20 minutes. 

(Brady & Weil, 1999) 

Kostiakov model equation 

Kostiakov infiltration model (Kostiakov, 1932) can be 

estimated using data derived from the field measurements 

or laboratory. The model proposes a simplified empirical 

equation of infiltration using the field data curve fitting. 

The relationship between I (cumulative infiltration), and t 

(time), is given by the equation  

I = Kta     (1) 

Where  I = cumulative infiltration, t = time from the start 

of infiltration, ‘K’ and ‘a’ are empirical constants which 

are to be estimated. 

To determine the parameters ‘K’ and ‘a’, the log of both 

sides of equation (1) were taken. The slope of this graph 

gave the value of a, while log K gave the intercept. The 
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value of K was obtained from the antilog K (Henry et al., 

2016). 

Phillip model equation 

The mathematical and physical analysis of the infiltration 

process developed by Philip (1957) separated the process 

into two components which are; that caused by sorptivity 

factors and that influenced by gravity. The Philip model 

takes the form of a power series but in practice an 

adequate description is given by the two-parameter 

equation.  

I = St1/2 + At  (2) 

Where I = Cumulative infiltration, S = Sorptivity, A = 

Transmissivity or permeability co-efficient (Henry et al., 

2016). 

The constant values A and S were determined by plotting 

a graph of  i against t1/2. 

Model Evaluation  

Best fit Infiltration model for the soils of the study area 

was ascertained through Testing the Goodness of fit. Root 

Mean Square Error (RMSE) and Co-efficient of 

determination (R2) were calculated and the model with 

least RMSE value and highest R2 was selected as best 

model. 

RMSE= √(∑( actual – predicted)^2/n)  (3) 

Where: Actual = actual values, Predicted=predicted 

values, n= number of data points 

R2= Regression SS÷Total SS  (4) 

Where, R2 = Coefficient of determination, SS= sum of 

squares. 

RESULTS AND DISCUSSION 

Infiltration Rate 

Table 1 shows the field measurements of infiltration rates 

(i) and cumulative infiltration (I) for replications 1 and 2 

respectively for the different land use types studied. The 

results showed that infiltration rates were highest at the 

onset of irrigation as shown in Figure 2 and started to 

reduce till it got to a constant or near constant state called 

steady state or basic infiltration rate (Brady & Weil, 

1999), while the cumulative infiltration increased as the 

water continued to accumulate as shown in Figure 1. The 

infiltration rates were high which can be due to the sandy 

nature of the soils since the soils were formed from coastal 

plain sands (Okon et al., 2017). 

The highest infiltration rate at the onset of irrigation was 

recorded in the Fallow Land (6.50cm/min) followed by 

Plantain Plantation (6.00cm/min), then Forestry Botanical 

Garden (3.00cm/min) and the least was in the Vegetable 

Farm (2.40cm/min). The least infiltration rate recorded in 

the Vegetable Farm could be attributed to soil compaction 

due to anthropogenic activities. The Run 2 also had 

similar result as the Vegetable Farm also had the least 

infiltration rate at the onset of irrigation (1.25cm/min) but 

the highest was recorded in the Plantain Plantation 

97.75cm/min). 

Cumulative infiltration at the onset of irrigation was also 

highest in Fallow Land (13.00cm), followed by Plantain 

Plantation (12.00cm) and then Forestry Botanical Garden 

(6.00cm) while the least was seen in Vegetable Farm 

(4.80cm) for Run 1. 

Run 2 had the highest cumulative infiltration in Plantain 

Plantation (15.50cm) at the onset of irrigation, followed 

by Fallow Land (11.90cm) then Forestry Botanical 

Garden (9.30cm) and the least in Vegetable Farm 

(2.50cm). The low cumulative infiltration of the 

Vegetable Farm suggests compaction of the area. 

Kostiakov Infiltration Model  

Table 2 shows the summary of Kostiakov parameters, 

Kostiakov equations, R2 and RMSE obtained for the 

various land uses. From the result, the K (a constant 

signifying initial infiltration rate) values obtained ranged 

from 0.05 - 0.3 and 0.02 - 0.56 for Runs 1 and 2 

respectively. The ‘a’ values (infiltration decay constants) 

obtained were all positive indicating that the soils were 

not saturated at the time of the experiment. This result 

obtained is in contrast with that of Adindu et al. (2014) 

who obtained negative (a) values and attributed it to the 

fact that the soils were saturated at the time when the 

experiment was conducted. Ahaneku, (2011) also 

reported that the figures obtained for the calculated 

infiltration in his work were negative under the Kostiakov 

equation and attributed it to the fact that water was being 

given off in his experimental farm during the rainy season. 

The different soils studied showed high R2 values and low 

RMSE values for both replications showing that 

Kostiakov equation was an appropriate equation for 

predicting infiltration rate in the area as the values of R2 

ranged from 0.969 to 0.999 for replication 1 and 0.974 to 

0.9993 for replication 2 while the values of RMSE ranged 

from 0.3225 to 0.9965 for replication 1 and 0.4729 to 

3.7872 for replication 2 indicating an excellent model. 

This corroborated with the findings of (Adindu et al., 

2014) who also discovered that Kostiakov infiltration 

model was a good model for coastal plain soils in 

Southeastern Nigeria.  
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Table 1. Field measured cumulative infiltration (I) and infiltration rate (i)  

Ru

n 

t 

(min

) 

I PP 

(cm) 

i PP 

(cm/min

) 

I FL 

(cm) 

i FL 

(cm/min

) 

I VF 

(cm) 

i VF 

(cm/min

) 

I FBG 

(cm) 

i FBG 

(cm/min

) 

1 2 12.00 6.00 13.00 6.50 4.80 2.40 6.00 3.00 

 4 22.50 5.63 24.80 6.20 9.30 2.33 10.30 2.58 

 6 32.50 5.42 35.30 5.88 13.50 2.3 13.80 2.30 

 8 42.20 5.23 45.50 5.69 17.50 2.19 18.10 2.26 

 10 46.40 4.64 49.60 4.96 20.50 2.05 21.60 2.16 

 12 50.90 4.24 53.90 4.49 23.50 1.96 24.60 2.05 

 14 54.40 3.89 58.10 4.15 26.50 1.89 27.40 1.96 

 16 57.60 3.60 62.30 3.89 29.50 1.84 30.90 1.93 

 18 60.40 3.36 66.50 3.69 32.50 1.81 33.90 1.88 

 20 63.10 3.16 70.70 3.54 35.50 1.78 36.60 1.83 

2 2 15.50 7.75 11.90 5.95 2.50 1.25 9.30 4.65 

 4 24.00 6.00 21.90 5.48 4.00 1.00 18.10 4.53 

 6 33.10 5.52 25.20 4.20 5.50 0.917 26.40 4.40 

 8 41.50 5.19 28.30 3.54 6.90 0.863 34.60 4.33 

 10 48.40 4.84 31.60 3.16 8.00 0.800 41.20 4.12 

 12 54.50 4.54 34.70 2.89 9.00 0.750 44.40 3.70 

 14 60.50 4.32 37.80 2.70 10.00 0.714 47.40 3.39 

 16 66.50 4.16 40.90 2.56 11.00 0.688 49.90 3.12 

 18 72.50 4.03 44.00 2.44 12.00 0.667 52.80 2.93 

 20 78.50 3.93 47.10 2.36 13.00 0.650 55.70 2.79 
Where: t = Time, I PP = Cumulative infiltration of Plantain Plantation, i PP = Infiltration rate of Plantain 

Plantation, I FL = Cumulative infiltration of Fallow Land, i FL = Infiltration rate of Fallow Land, I VF = 
Cumulative infiltration of Vegetable Farm, i VF = Infiltration rate of Vegetable Farm, I FBG = Cumulative 

infiltration of Forestry Botanical Garden, i FBG = Infiltration of Forestry Botanical Garden. Run 1=first 
replication 

 

  

A B 
Figure 1: Graph of accumulated infiltration against time for Run1 and Run 2 

Where: I(cm) PP =Cumulative infiltration of Plantain Plantation, I(cm) FL =Cumulative infiltration of Fallow Land, 

I(cm) VF =Cumulative infiltration of Vegetable Farm, I(cm) FBG =Cumulative infiltration of Forestry Botanical 

Garden. 
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A B 

Figure 2: Graph of infiltration rate against time for Run1and Run 2 

Where: i(cm/min) PP =Infiltration rate of Plantain Plantation, i(cm/min) FL =Infiltration rate of Fallow Land, 

i(cm/min) VF =Infiltration rate of Vegetable Farm, i(cm/min) FBG =Infiltration rate of Forestry Botanical Garden. 

Table 2: Summary of Kostiakov parameters equations, R2 and RMSE  

Rep. Land 

use 

K a Kostiakov 

equation 

(I = Kta) 

R2 RMSE Ranking 

of R2  

Ranking 

of RMSE 

1 PP 0.06 1.3 I = 0.06t1.3 0.969 0.3701 4 2 

 FL 0.05 1.3 I = 0.05t1.3 0.975 0.3225 3 1 

 VF 0.30 1.2 I = 0.30t1.2 0.997 0.9969 2 4 

 FBG 0.21 1.3 I = 0.21t1.3 0.999 0.9408 1 3 

2 PP 0.04 1.4 I = 0.04t1.4 0.998 0.3044 2 1 

 FL 0.02 1.8 I = 0.02t1.8 0.980 0.4633 3 2 

 VF 0.56 1.4 I = 0.56t1.4 0.9993 3.7872 1 4 

 FBG 0.10 1.3 I = 0.10t1.3 0.974 0.4729 4 3 

PP = Plantain Plantation, FL = Fallow Land, VF = Vegetable Farm, FBG = Forestry Botanical 

Garden, I = Cumulative Infiltration, K and a are Kostiakov empirical constants that were 

estimated, R2 = Co-efficient of determination, RMSE = Root Mean Square Error 

Phillip's Infiltration Model 

Table 3 shows the summary of Philip parameters, 

equations, R2 and RMSE obtained for the various land 

uses. Results of the experiment shows that S (sorptivity 

which embodies the influence of soil water relation, that 

is, matric suction and conductivity in the wetting process) 

values ranged from (-0.90) to (-2.78) and (-0.75) to (-5.18) 

for Reps 1 and 2 respectively. The A (Transmissivity, that 

is, hydraulic conductivity which represents the effect of 

gravity) ranged from 7.05 to 9.32 and 5.84 to 8.37 in Reps 

1 and 2 respectively. Sorptive forces of the soil largely 

govern the initial water infiltration rate (Oku & Aiyelari, 

2011). The sorptive values obtained in this study were all 

negative. The high negative values recorded could be 

attributed to the fact that the soils were unsaturated at the 

onset of irrigation and had high matric potential gradient 

and also due to their sandy nature.  This result is in 

contrast to that obtained by Oku & Aiyelari (2011) who 

obtained positive sorptive values that are high with low 

transmissivity values that ranged from 0.14 to 1.29 which 

invariably put the soil conductivity class between "very 

slow" and "slow" (FAO, 1963; Oku & Aiyelari, 2011). 

The values of R2 and RMSE for Philip infiltration model 

showed that the model had high R2 values but not as high 

as that of Kostiakov model. High R2 values reveals better 

fit model. The model predicted R2 values ranging from 

0.4967 to 0.967 for the first replication and 0.906 to 

0.9335 for the second replication which showed that 

Philip model was also a good model to measure 

infiltration rate in the area. This corroborated with the 

findings of Adindu et al., (2015) who also got similar 

results of R2 values greater than 0.8. The RMSE values 

were moderate showing that it was also a good fit model 

for use in the area but the Kostiakov model was a better 

model since it had lower RMSE values. The RMSE values 

for Philip model ranged from 12.8959 to 17.0016 for the 

first replication and 10.9464 to 15.5952 for the second 

replication.  It was observed that Kostiakov model gave 

the lowest RMSE values and the highest R2 values; 

therefore, it is selected as the best fit model. 
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Table 3: Summary of Philip parameters equations, R2 and RMSE 

Run Land 

use 

S A Philip equation 

(I = St1/2 + At) 

R2 RMSE Ranking 

of R2 

Ranking 

of RMSE 

1 PP -0.95 7.56 I = -0.95t1/2  + 7.56t 0.885 14.1642 3 2 

 FL -0.90 7.56 I = -0.90t1/2 + 7.56t 0.967 14.2034 1 3 

 VF -1.96 7.05 I = -1.96t1/2 + 7.05t 0.4967 12.8956 4 1 

 FBG -2.78 9.32 I = -2.78t1/2 + 9.32t 0.932 17.0016 2 4 

2 PP -0.81 7.22 I = -0.81t1/2 + 7.22t 0.906 13.5669 4 3 

 FL -0.75 5.84 I = -0.75t1/2 + 5.84t 0.929 10.9465 2 1 

 VF -5.18 7.48 I = -5.18t1/2 + 7.48t 0.9335 12.7000 1 2 

 FBG -1.37 8.37 I = -1.37t1/2 + 8.37t 0.913 15.5952 3 4 

PP = Plantain Plantation, FL = Fallow Land, VF = Vegetable Farm, FBG = Forestry Botanical Garden, 

I = Cumulative infiltration, S = Sorptivity, A = Transmissivity or permeability co-efficient, R2 = Co-

efficient of determination, RMSE = Root Mean Square Error 

CONCLUSION AND RECOMMENDATION 

The study revealed that Kostiakov model gave the highest 

R2 values and the least RMSE values, From the results of 

this research work, Kostiakov infiltration model was more 

suitable than Philip infiltration model for predicting water 

infiltration in the Coastal plain soils of Owerri, Imo State, 

Southeastern Nigeria.  
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