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Abstract

Most strategic crops such as sugarcane, sugar beet, and others are irrigated using the furrow method. The
most important factors affecting water infiltration in the furrows include the wetted perimeter, flow cross-
section, and so on. Evaluating the wetted perimeter and flow cross-section in furrow irrigation requires
measuring parameters such as the cross-section, wetted perimeter, and others.At the farmlands of the Faculty
of Agriculture, Islamic Azad University of Sanandaj, 2020 meter grid was implemented to determine the
land slope, and a topographical map was prepared. The furrows were created using a ridger with an
approximately parabolic cross-section, spaced 0.75 meters apart and 80 meters long. A total of five
measurement furrows and ten buffer furrows were created in one block for four consecutive irrigations, and
the necessary experiments were conducted.The data were analyzed using MSTAT-C, SPSS, software.The
Analysis of Variance results showed a significant difference at the one percent (1%) level between the mean
wetted perimeter values in measurement furrows one to five and the cross-section meter and parabola
equation. The coefficient of variation for this data was 0.03 percent. The mean wetted perimeter values for
the cross-section meter and parabola equation methods were 48.36 cm and 48.31 cm, respectively.The results
showed a significant difference at the one percent (1%) level between the mean flow cross-section values in
furrows one to five and the two measurement methods. The coefficient of variation for this data was 2.18
percent. The mean flow cross-section values for the cross-section meter and parabola equation methods were
306.28 cm? and 347.43 cm?, respectively.The fitted line equation and the correlation coefficient derived from
the mean wetted perimeter values using the cross-section meter and parabola equation methods showed that
the correlation coefficient for the wetted perimeter obtained equal to one and for the flow cross-section, it
was approximately 0.99.

Introduction

Li et al (2023) surface irrigation is one of the most common irrigation methods in Iran and the
world. Many strategic crops such as sugarcane, sugar beet, and corn are irrigated using the furrow
method. The wetted perimeter, flow cross-section, infiltration opportunity time, furrow length,
inflow rate, geometric shape, and furrow slope are among the most important factors affecting
water infiltration in furrows. Behzad (1996 ) by definition, the length of the water-soil interface in
the cross-section of the furrow is called the “wetted perimeter.” Water infiltration in furrows is
more complex due to the water-soil contact area, the effect of adjacent furrows, the geometric shape
of the furrows, etc., on the amount of infiltration. Philip (1984) showed theoretically and
experimentally that water infiltration from a curved surface is significantly greater than from a flat
surface.
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Woahling et al. (2004) in order to study the effect of the wetted perimeter on water infiltration
in furrows, performed infiltration tests using inflow and outflow methods, a circulating
infiltrometer, and blocked furrows with constant and variable depths, and investigated equations.
The results of the analysis of variance of the predicted infiltration values by each of the equations
showed that infiltration equations that lack the effect of the wetted perimeter and flow cross-section
in estimating the amount of water infiltration in the soil have the greatest error. On the contrary,
equations that have wetted perimeter or flow cross-section parameters, in addition to having less
error, have more flexibility to adapt to changes in hydraulic conditions in furrows compared to
previous equations.

Research Methodology

The study area includes the lands of the Faculty of Agriculture of Islamic Azad University of
Sanandaj, located 10 kilometers from the Sanandaj-Kermanshah road. This area has geographic
coordinates of 36°,10’, 38" northern latitude and 44°,03', 47" eastern longitude. There are several
methods for evaluating the flow cross-section and wetted perimeter, including sectioning methods,
parabolic equation, Manning’s formula, and the United States Soil Conservation Service (SCS)
method.

After preparing the land, 20 X 20 square meter grids were implemented to determine the land
slope, and a topographic map of the land was prepared. Then, furrows with an approximately
parabolic cross-section were created using a furrow shaper at a distance of 0.75 meters from each
other and with a length of 80 meters in a block of 5 measurement furrows and 10 buffer furrows
for four consecutive irrigations (first to fourth). Numerous experiments were performed, including
measuring the geometric shape, inflow and outflow rate, irrigation depth, water surface width, and

L . L 3 1.
furrow slope. Irrigation was carried out using 51phonsz and1 " inches from the earthen canal above

. . 3 . 1. . .
the farm, and each furrow was irrigated with two siphons and onel " inch siphon in an open-ended
manner.

Results

In order to compare and evaluate the wetted perimeter and flow cross-section using the
sectioning method, parabolic equation, Manning’s formula, and the United States Soil
Conservation Service (SCS) method in furrow irrigation, the required data including advance and
recession time, inflow and outflow rate, depth and width of the water surface, and furrow slope
were collected for five furrows and analyzed using MSTAT-C, SPSS, and Microsoft Office
software. To compare between the sectioning method and the parabolic equation and determine the
significance of the difference between the two methods in terms of the wetted perimeter and flow
cross-section, and to determine the significance of the difference between the treatments, analysis
of variance was performed using ANOVA through MSTAT-C software in a completely
randomized design. Also, Duncan’s multiple range test was used to determine the homogeneity of
the difference between the treatments. The results of the analysis of variance related to the effect
of'the sectioning method and the parabolic equation for the wetted perimeter and flow cross-section
are presented in Tables (1 and 2).

Table 1 - Results of Analysis of Variance of the Effect
of Measurement Method on Wetted Perimeter

Row Source of Variation Degrees of Freedom Sum of Squares
1 Block 4 2.28%*

2 Measurement Method 1 0.007**

3 Error 4 0.001

4  Total 9

5 Coefficient of Variation (CV) % 0.03

** Significant at the 1% level ~ * Significant at the 5% level ns Non-significant
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Table 2 - Results of Analysis of Variance of the Effect of
Measurement Method on Flow Cross-Sectional Area

Row Source of Variation Degrees of Freedom Sum of Squares
1 Block 4 1817.810%*

2 Measurement Method 1 4232.607**

3 Error 4 50.927

4  Total 9

5  Coefficient of Variation (CV) % 2.18

** Significant at the 1% level  * Significant at the 5% level ns Non-significant

The results of the analysis of variance of the experimental data showed that there is a significant
difference at the 1% level between the average values of the flow cross-section in the measurement
blocks (furrows 1 to 5) and the measurement methods (sectioning and parabolic equation), and the
coefficient of variation of the data is 2.18%. The average values of the flow cross-section in the
two sectioning and parabolic equation methods were 306.28 and 347.43 square centimeters,
respectively.

The results of fitting regression lines along with the fitted line equation and correlation
coefficient between the average values of the flow cross-section with the sectioning and parabolic
equation methods were evaluated. The results showed that the highest correlation coefficient in the
flow cross-section obtained from the two measurement methods was related to furrow number two,
equal to 0.99, and the lowest correlation coefficient was related to furrow number four, equal to
0.99. The results of fitting regression lines along with the fitted line equation and correlation
coefficient between the average values of the wetted perimeter with the sectioning and parabolic
equation methods were evaluated in all furrows. The results showed that the correlation coefficient
in the wetted perimeter obtained from the two methods is approximately equal to one for all furrows
and is approximately 0.99 for the flow cross-section (Figures 1 and 2).
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Fig. 1-Comparison of Wetted Perimeter Values Using the Section Measurement and Parabola
Equation Methods in Furrows Number 1 to 5.
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Fig. 2- Comparison of Flow Cross-Sectional Area Values Using the Section Measurement and
Parabola Equation Methods in Furrows Number 1 to 5.

Conclusion

The results of the analysis of variance of the experimental data showed that there is a significant
difference at the 1% level between the average values of the wetted perimeter in the measurement
blocks (furrows 1 to 5) and the measurement methods (sectioning and parabolic equation), and the
coefficient of variation of the data is 0.03%. The average values of the wetted perimeter in the two
sectioning and parabolic equation methods were 48.361 and 48.31 cm, respectively. Also, the
results of the analysis of variance of the experimental data showed that there is a significant
difference at the 1% level between the average values of the flow cross-section in the measurement
blocks (furrows 1 to 5) and the measurement methods (sectioning and parabolic equation), and the
coefficient of variation of the data is 2.18%. The average values of the flow cross-section in the
two sectioning and parabolic equation methods were 306.28 and 347.43 cm2, respectively.
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Table 1 - Physical characteristics of soil at different depths

Deep Percentage of Soil Particles Soil Bulk Particle

Soil clay silt Sand Texture Density Density

(cm) (%) (%) (%) (gr/cm®) _ (gr/cm®)

0-30 33 34 33 Clay 1.37 2.60

30-60 37 32 31 Loam 1.35 2.61

60-90 21 24 55 Clay 1.68 2.53
Loam

Sy Lumo 3 (S5 031N gy ST il N9 4 omd s Y Jouer
Table 2 - Results of Analysis of Variance of the Effect of
Measurement Method on Wetted Perimeter

Row Source of Variation Degrees of Freedom Sum of Squares
1 Block 4 2.28%*

2 Measurement Method 1 0.007**

3 Error 4 0.001

4  Total 9

5 Coefficient of Variation (CV) % 0.03

** Significant at the 1% level

* Significant at the 5% level

ns Non-significant
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Table 3 - Results of Analysis of Variance of the Effect of
Measurement Method on Flow Cross-Sectional Area

Row Source of Variation Degrees of Freedom Sum of Squares
1 Block 4 1817.810**

2 Measurement Method 1 4232.61%*

3 Error 4 50.93
4
5

Total 9
Coefficient of Variation (CV) % 2.18
** Significant at the 1% level  * Significant at the 5% level ns Non-significant
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Average Wetted Perimeter (Centimeters)
=

Dissimilar letters indicate the average wetted perimeter at the 1% level.

Fig. 2- Comparison of Mean Values of Wetted Perimeter Using
Different Measurement Methods with Duncan's test
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Dissimilar letters indicate the average wetted perimeter at the 1% level.

Fig. 3- Comparison of Mean Flow Cross-Sectional Areas
Using Different Measurement Methods with Duncan's test
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Table 4 — Linear Regression Equation and Correlation Coefficient for Wetted Perimeter

Furrow Measured Measurement Fitted Line Equation Correlation
Number Parameter Method ! Coefficient
1 Wetted Perimeter Cg’;s;aeggl‘i’é‘ W, = 1.0013W; — 0.1449 1
2 Wetted Perimeter Cg’;;ifgﬁ’cn W, = 1.0007W, — 0.0835 1
3 Wetted Perimeter %";Z'ri‘i)";ﬁl“ Wp = 0.9989W, — 0.0103 1
4 Wetted Perimeter %";;ﬁfﬁn Wp = 1.0023W; — 0.1652 1
5 Wetted Perimeter ~ CrOSS™SECHON y, g 99917 — 0.0235 1

& Parabolic

Wp= Wetted Perimeter (Parabolic Equation)

W, = Wetted Perimeter (Cross-section Method)

Ob > o o (Sl (Kwsodd 0 po9 4L 3l p b Aol -0 Jou

Table 5 — Fitted Line Equation and Correlation Coefficient for Flow Cross-section

Furrow Measured Measurement Fitted Line Equati Correlation
Number Parameter Method ttted Line bquation Coefficient
1 Flow Cross-section A= 125014 — 43.073 0.992
Cross-ection and parabolic

2 Flow Cross-section A =128184'—27.978 0.9965
Cross-section and parabolic

3 Flow Cross-section A =127894" — 33.642 0.9932
Cross-section and parabolic

4 Flow Cross-section A =12064A"— 45.529 0.9909
Cross-section and parabolic

5 Flow Cross-section and A= 12694 — 34418 0.9918

Cross-section

parabolic

A = Flow Cross-section (Parabolic Equation) A= Flow Cross-section (Cross-section Method)



R4
DOI: 10.22055/jise.2025.50008.2168 s ol it Laen s

100
=}
S
g 80
&
m
<
2 60
5
g3
S E 40
— ~
=)
£= 20
[0)
(a9
B
= 0
= 0 20 40 60 80 100

Wetted Perimeter - Section Gauge Method
(Centimeters)

Fig. 4- Comparison of Wetted Perimeter Values Using the Section Measurement and Parabola
Equation Methods in Furrows Number 1 to 5.
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Fig. 5- Comparison of Flow Cross-Sectional Area Values Using the Section Measurement and
Parabola Equation Methods in Furrows Number 1 to 5
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Table 6 — Fitted Line Equation and Correlation Coefficient
for Wetted Perimeter and Flow Cross-Section

Measurement . . . Correlation
Row  Measured Parameter Method Fitted Line Equation Coefficient
. Cross-section .
1 Wetted Perimeter & Parabolic Wp = 1.0006Wp, — 0.0796 1
2 Flow Cross-Section  GrOSS™SCCOn ) 4 19124 — 21.439 0.9879
& Parabolic
Wp= Wetted Perimeter (Parabolic Equation) W}; = Wetted Perimeter (Cross-section Method)

A = Flow Cross-section (Parabolic Equation) A= Flow Cross-section (Cross-section Method)
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