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2- Integral Simpson Rule 
3- Absolute Error 
4- Root Mean Square Error 
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� n  
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S0  
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8/2  45-  44/0  21/0  43/0  62/0  15/1  19  
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       �� @��^%� 2� ���=� 2��� @��^%� �� 	  ���� .  �T8��     2��,    ��,� #,�� ��
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  ���_�  N��!$)����" .            #��,$�a ��,� �,a ��� 2�_," .�)�Z,R B��'
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��)M�NH ���� �� ���%&� �/��(  

 ���%&� K�<L
<=����> ��  h0  hf  �n  �s  �0  Ks  ��W 

7/0  
8/0  
9/0  

9/0-  
6/0-  
3/0-  

1/8-  
4/5-  
7/2-  

21/0-  
14/0-  
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7/20-  
8/13-  
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4/11-  
5/7-  
7/3-  
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2/12-  
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6/0  
9/0  

7/2  
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9/6  
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  h�)�     6��1 N��!$)� .)� ���^�%   ��!" ��-� 	� ��� ) �,8��-� 1(   �,�

      �1 �*��/ B��7 ���^�% pq��a �8��-� <� .     �,� +��,� 2� ��    2��,

 �,,&t�	 �,,� �,H� �,,!" ����,,=� 6?�,,/ �,,��^�% .,,%�� �	� ��,,* �� �� �
?�,,/ ��,,a ��	��,,� �,,8��-� #,,�� �,,� 
,,�$e� ��,,* . �� b�,,5�� #,,��

@*	t\ ��* ���� �)��� ���� ��-� .%�& �*��/.   

  
Z4�[�  

1- Abbasi F., Adamsen F.J., Hunsaker D.J., Feyen J., Shouse P., and Van Genuchten M.Th. 2003. Effects of flow 
depth on water flow and solute transport in furrow irrigation: Field data analysis. J. Irrig. Drain. Eng., 129(4): 237-
246. 

2- Abbasi F., Feyen J., and Van Genuchten M.Th. 2004. Two-dimensional simulation of water flow and solute 
transport below furrows: model calibration and validation. Journal of Hydrology, 290: 63–79. 

3- Bautista E., Clemmens A.J., Strelkoff T.S., Schlegel J. 2009. Modern analysis of surface irrigation systems with 
WinSRFR. Agric. Water Manage., 96: 1146-1154.  

4- Butters G.L., Benjamin J.G., Ahuja L.R., and Ruan H. 2000. Bromide and atrazine leaching in furrow- and 
sprinkler-irrigated corn. Soil Sci. Soc. Am. J., 64(5): 1723–1732. 

5- Enciso-Medina J., Martin D., and Eisenhauer D. 1998. Infiltration model for furrow irrigation. J. Irrig. Drain. Eng., 
124(2): 73–80.  

6- Fok Y.S., and Chiang S.H. 1984. 2-D infiltration equations for furrow irrigation. Rev. Quant. Finance Account., 
110(2): 208–217. 

7- Haverkamp R., Ross P.J., Smettem P.J., and Parlange J.Y. 1994. Three-dimensional analysis of infiltration from 
the disc infiltrometer. 2: Physically based infiltration equation. Water Resour. Res., 30 (11): 2931–2935. 

8- Kostiakov A.V. 1932. On the dynamics of the coefficient of water percolation in soils and on the necessity for 
studying it from a dynamics point of view for purposes of amelioration. Transactions of the Sixth Commission of 
International Society of Soil Science, part A, pp: 17-21. 

9- Lazarovitch N., Warrick A.W., Furman A., and Zerihun D. 2009. Subsurface water distribution from furrows 
described by moment analysis. J. Irrig. Drain. Eng, 135(1): 7-12. 

10- Lewis M.R. 1937. The rate of infiltration of water in irrigation practice. Trans. Am. Geophys. Union., 18: 361-368. 
11- Mailhol J.C., Crevoisier D., and Triki K. 2007. Impact of water application conditions on nitrogen leaching under 

furrow irrigation: experimental and modelling approaches. Agric. Water Manage., 87: 275–284. 
12- Mailhol J.C. 2003. A validation of a predictive form of Horton infiltration for simulating furrow irrigation. J. Irrig. 

Drain.Eng., 129: 412–421. 
13- Mualem Y. 1976. A New Model for Predicting the Hydraulic Conductivity of Unsaturated Porous Media. Water 

Resourr. Res., 12(6): 513-522. 
14- Perea H., Strelkoff T.S., Šim!nek J., Bautista E., and Clemmens A.J. 2003. Unsteady furrow infiltration in the light 

of the Richards Equation. p. 625–636. Proceedings of the 2nd Int. Conf. on Irrigation and Drainage: Water for a 
Sustainable World Limited Supplies and Expanding Demand, United States Committee of Irrigation and Drainage 
Engineering, Denver.  

15- Rassam D., Šim!nek J., and Van Genuchten M.T. 2003. Modeling variably saturated flow with HYDRUS-2D. ND 
consult, Brisbane, Australia. 

16- Schaap M.G., Leij F.J., Van Genuchten M.Th. 2001. ROSETTA: a computer program for estimating soil hydraulic 
parameters with hierarchical pedotransfer functions. J. Hydrol., 251: 163–176. 

17- Schmitz G.H. 1993. Transient infiltration from cavities. I: Theory. J. Irrig. Drain. Eng., 119(3): 443–457. 
18- Schmitz G.H. 1993. Transient infiltration from cavities. II: Analysis and application. J. Irrig. Drain. Eng., 119(3): 

458–470. 
19- Simunek J., Sejna M., and Van Genuchten M.Th. 1998. The HYDRUS-1D software package for simulating the 

two-dimensional movement of water, heat, and multiple solutes in variably-saturated media, version 2.0, U.S. 
Salinity Laboratory, Riverside, Calif. 

20- Simunek J., Sejna M., and Van Genuchten M.Th. 1999. The HYDRUS-2D software package for simulating the 
two-dimensional movement of water, heat, and multiple solutes in variably-saturated media, version 2.0, U.S. 
Salinity Laboratory, Riverside, Calif. 

21- Singh D.K., Rajput T.B.S., Singh D.K., Sikarwar H.S., Sahoo R.N., and Ahmad T. 2006. Simulation of soil wetting 
pattern with subsurface drip irrigation from line source. Agric. Water Manage., 8 3:1 30 – 134. 

22- Singh V.P., He Y.C., and Yu F.X. 1987. 1-D, 2-D, and 3-D infiltration and irrigation. J. Irrig. Drain. Eng., 113(2), 
266–278. 

23- Skonard C.J. 2002. A field-scale furrow irrigation model. PhD Dissertation. University of Nebraska, Lincoln.  



&!����$ '�*  �+! 
, /�"� 7��$
�8��� ��:!� ;�$�� $�! $...      1411  

24- Strelkoff T.S., Clemmens A.J., and Bautista E. 2009. Field properties in surface irrigation management and design 
J. Irrig. Drain. Eng., 135(5): 525-536. 

25- Vogel T., and Hopmans J.W. 1992. Two-dimensional analysis of furrow infiltration. J. Irrig. Drain. Eng., 118(5): 
791–806. 

26- Walker W., and Skogerboe V. 1987. Surface irrigation theory and practice. Prentice Hall, Nj: 1-386. 
27- Warrick A.W. 2003. Soil Water Dynamics. Oxford University Press, NewYork. 
28- Warrick A.W., and Lazarovitch N. 2007. infiltration from a strip source. Water Resour. Res., 43(3). 
29- Warrick A.W., Lazarovitch N., Furman A., and Zerihun D. 2007. Explicit infiltration function for furrows. J. Irrig. 

and Drain. Eng., 133(4):307-313. 
30- Wöhling Th., Schmitz G.H., and Maihol J.C. 2004. Modeling two-dimensional infiltration from irrigation furrows. 

J. Irrig. Drain. Eng., 130(4): 296–303. 
31- Wöhling Th., Singh R., and Schmitz G.H. 2004. Physically based modeling of interacting surface-subsurface flow 

during furrow irrigation advance. J. Irrig. Drain. Eng., 130(5): 349–356. 



1412      ����� ��� ���	 
 ��25����� � 6  ���! �- ��"#$ 1390  
�������	 
 �� ) ��
��� ����� 
 ����(  

���25� �����6 � ���!-��"#$  1390�%.1412-1404 
Journal of Water and Soil 
Vol. 25, No. 6, Jan-Feb 2012, p. 1404-1412 

 
Evaluation of a Two Dimensional Infiltration Function for Irrigated Furrows 

 
M. Panahi1- S.M. Mirlatifi2*- F. Abbasi2 

Received:7-3-2011 
Accepted:18-9-2011 

 
Abstract 

This study addresses two dimensional infiltration from irrigated furrows. The basic approach is to develop a 
two-dimensional infiltration as a combination of the corresponding one-dimensional vertical and an edge effect. 
The edge effect is the difference between the cumulative infiltration per unit of adjusted wetting perimeter and 
the corresponding one-dimensional infiltration. This approach was evaluated using field measured furrow 
experiments and double ring infiltration tests. In this study, two series of experiments was conducted in 2010 on 
a clay loam soil. The first series of the tests included five experiments with inflow rate (0.3-0.8 ls-1) on free 
draining furrows having 110 meters in length, 75 cm wide and general slope of 0.008 m m-1. The second series 
of the experiments were carried out using double ring. A general conclusion was that the edge effect was linearly 
related to time. Using minimizing root mean square error (RMSE) the two empirical coefficients of the model 
including �  and W*/W were determined. The values of 0.62 and 1.15 were determined for the two empirical 
parameters in the clay loam soil studied. The results showed that the RMSE and the absolute error (AE) were 
0.0031 and5.9 %, respectively. Model sensitivity analysis showed that the lowest sensitivity was to initial water 
content and the highest sensitivity was to saturation water content. The approach leads to an infiltration function 
for irrigation furrows without the need to perform a fully two-dimensional simulation. 
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