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Abstract:A major step in the design and evaluation of furrow irrigation system is the determination of 
infiltration function. The purpose of this study is to compare infiltration measurement results, using 
double ring and inflow-outflow method following consecutive irrigation events. Study of bulk density 
variation after each irrigation was another aim of this investigation. Experiments were conducted on a 
site near agriculture faculty of Shaheed Chamran University in Ahwaz. Results indicate that correlation 
coefficient in the first irrigation period is low in comparison with the others periods. Cumulative 
infiltration is reduced in the second irrigation in comparison with the first irrigation 180 minutes after 
irrigation started. Cumulative infiltration is also reduced in the third irrigation in comparison with the 
second irrigation. During the fourth irrigation, cumulative infiltration increased in comparison with the 
third irrigation which was due to weed growth in the furrows. Results show that calculated basic 
infiltration rate using inflow-outflow method is 4.4 times greater than double ring method.Results also 
show that for short time periods (less than 180 minutes), Kostiakov method is in a better agreement 
with Kostiakov-Lewis method. Cumulative infiltration was shown to be higher using kostiakov-lewis 
method in comparison to actual measurement for long time periods (more than 180 minutes). 
 
Key words: Furrow irrigation, Infiltration, inflow-out flow method, double rings, kostiakov and 

kostiakov-lewisequations. 
 

INTRODUCTION 
 

 With the application of infiltration equation modeling of surface flow and the process of surface irrigation 
design and evaluation becomes an easier task.In order to find the relationship between equation coefficients in 
different soils under different surface soil conditions, it is essential to conduct field tests.Infiltration equations 
under different soil conditions are classified into 3 major groups i.e., theoretical, physical and empirical 
equations. Authors such as Clements (1), Walker and Wilardson (5) have suggested using empirical infiltration 
equations for design and evaluation of surface irrigation systems. In this study empirical model of Kostiakov 
and Kostiakov-Lewis have been applied to a series of inflow-outflow and double ring method of measuring soil 
infiltration. Kostiakov (1939) presented the following equation for determining cumulative depth of infiltration 
into soils. 
 

nKT             (1) 
 
Where: 
 Z=cumulative infiltration depth. 
 T=elapsed time.  
 K, n=empirical constants. 
  
 Equation (1) is widely used due to its simplicity and ease of application. However infiltration rate estimated 
with this equation at large times tends to zero which is not realistic.In order to resolve this, the following 
Kostiakov-Lewis equation was presented.  
 

TfKTZ n
0           (2) 

 
Where: 

0f Basic infiltration rate. 

 
MATERIALS AND METHODS 

 
 Infiltration experiments were conducted at Shaheed Chamran University research plots during fall of 1998, 
using inflow-outflow and double ring method. Relevant information about the experiments is as follows: 
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 Soil texture for 0-25 cm layer was “clay loam “and for 25-100 cm layer was loam. 
 Number of furrows 15. 
 Length of furrows 80m. 
 Width of furrows 75cm. 
 Number of irrigation tests 4. 
 Number of double ring tests 30. 
 
 The amount of water used in each irrigation was based on readily available moisture and non-erosive inflow 
rate to furrows (1.1-1.5 lit/s), considering soil texture and furrow slope.Infiltration coefficients for Kostiakov 
and Kostiakov-Lewis equations in the double ring method were derived using the methods of Garcia and 
Walker. In the inflow-outflow method however the volume balance method was used as given in table (1). The 
measured and estimated values of infiltration rate and cumulative infiltration depths are given in table (2) for 
comparison. 
 

RESULTS AND DISCUSSION 
 

 Results indicate that correlation coefficient in the first irrigation period is low in comparison with the other 
periods. Cumulative infiltration is reduced in the second irrigation in comparison with the first irrigation 180 
minutes after irrigation started. Also cumulative infiltration is reduced in the third irrigation in comparison with 
the second irrigation. During the fourth irrigation, cumulative infiltration increased in comparison with the third 
irrigation which was due to weed growth in the furrows. Results show that calculated basic infiltration rate using 
inflow-outflow method is 4.4 times greater than double ring method. The results also show that for short time 
periods (less than 180 minutes), Kostiakov method is in a better agreement with Kostiakov-Lewis method. 
Cumulative infiltration was shown to be higher using Kostiakov-Lewis method compared to actual measurement 
for long time periods (more than 180 minutes). 
 
Table 1: Kostiakov and Kostiakov -Lewis Coefficients for Furrows Inflow-Outflow and Double Ring Methods. 

 

Kostiakov -Lewis Kostiakov 
Number Furrow 

 
Description 

)
min

(0

cm
f n 

)
min

(
n

cm
k n  

)
min

(
n

cm
k 

     F1 

First 
Irrigation 

     F2 
0.1212 0.747 0.00373 0.996 0.124 F3 
0.1003 0.301 0.177 0.937 0.143 F4 
0.09173 0.61 0.0826 0.915 0.1516 F5 
0.1044 0.553 0.0877 0.949 0.1395 Average 
0.0964 0.106 1.779 0.739 0.413 F1 

Second Irrigation 

0.1174 0.138 2.397 0.714 0.603 F2 
0. 0988 0.279 1.176 0.705 0.539 F3 
0.0971 0.559 0.0542 0.956 0.125 F4 
0.0679 0.439 0.222 0.828 0.181 F5 
0.09572 0.304 1.1246 0.788 0.372 Average 
0.0477 0.488 0.178 0.82 0.1425 F1 

Third Irrigation 

0.07438 0.679 0.0514 0.96 0.1044 F2 
0.0931 0.247 0.466 0.849 0.215 F3 
0.089 0.666 0.0264 0.965 0.125 F4 
0.0438 0.52 0.2603 0.7048 0.258 F5 
0.06959 0.52 0.19655 0.859 0.169 Average 
0.0546 0.55 0.253 0.916 0.1504 F1 

Fourth Irrigation 

0.1071 0.419 0.241 0.88 0.2105 F2 
0.0995 0.255 0.89 0.777 0.3586 F3 
0.0923 0.697 0.063 0.913 0.1536 F4 
0.0613 0.492 0.2014 0.776 0.2069 F5 
0.0829 0.482 0.3297 0.852 0.216 Average 
0.0158 0.433 0.372 0.565 0.331 F1 

Double 
Rings 

0.0195 0.466 0.322 0.614 0.288 F2 
0.0159 0.41 0.429 0.542 0.377 F3 
0.0197 0.387 0.467 0.551 0.395 F4 
0.0258 0.513 0.208 0.715 0.187 F5 
0.0193 0.436 0.36 0.597 0.316 Average 
0.088 0.464 0.435 0.862 0.224 Irrigation Average  
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Table 2: The comparison of cumulative average depth of infiltration at different times (average depth of infiltration (cm) and time 
(minutes)).  

 
 Unsimilar letters indicate significant differences at one percent level. 
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Fig. 1: The comparison of cumulative average depth of infiltration at different times (average depth of 

infiltration (Cm) and Elapsed Time (Minutes). 
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Fig. 2: Basic Infiltration Rate (Cm/Min) For Irrigation No 1, 2, 3, 4 And Double Rings. 
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Cumulative average depth of infiltration at different times 
Description 

300 240 180 150 120 90 60 30 10 

28.88ab 23.25ab 17.56ab 14.74ab 11.86ab 9.008ab 6.13ab 3.204b 1.23b 
First 

Irrigation 

32.36a 26.33a 20.45a 17.44a 14.41a 11.34a 8.24a 5.01a 2.67a 
Second 

Irrigation 
22.58b 19.1b 14.6b 12.34b 10.04b 7.75b  5.38bc 2.95a 1.21b Third Irrigation 

28.67ab 23.29ab 17.89ab 15.25ab 12.4ab 9.6ab 6.76ab 3.79ab 1.64ab 
Fourth 

Irrigation 

9.22c 8.1c 6.78c 6.08c 5.2c 4.31c 3.43c 2.3b 1.27b 
Double 
Rings 
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