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Effect of inflow rate and initial soil moisture on Manning roughness
coefficient in advance and storage phases in furrow irrigation
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Abstract

Manning roughness coefficient is a complex and effective parameter in furrow irrigation, and its exact determination is complicated due to
spatial and temporal changes of soil characteristics and hydraulic parameters of the flow. Hence, this study was conducted to determine the
Manning roughness coefficient in the advance and storage phases and in the first to third irrigation events. In this study, Manning roughness
in furrow irrigation in the advance and storage phases was determined using the SIPAR_ID model and the Manning equation, respectively.
For this purpose, the value of Manning roughness coefficient for two inflow treatments (an average of 0.27 and 0.53 L/S), two irrigation
cycle treatments (5 and 10 da s%, and two different fields (E and F) was examined in the first to third irrigation events and in three
replications. The results showed that the value of Manning roughness coefficient in the advance and stora%e phases of three irrigation events
(first to third irrigation) was between 0.017 to 0.636 and 0.015 to 0.317, respectively. Also, it was found that the average roughness
coefficient in the advance phase was more than the one in storage phase 59.083 and 0.054, respectively). In addition, the roughness
coefficient in the two phases reduced by increasing irrigation events. In field F, due to the heavier soil texture, the difference in Manning
roughness coefficient in both phases in the first and second irrigation was lower than the ones in field E. The results also indicated that the
rﬁughﬁegs _c_oelffici_ent had an inverse and poor relationship with the initial soil moisture and inflow. However, the inflow was more effective
than the initial moisture.

Keywords: Irrigation interval, Manning equation, Surface irrigation, SIPAR.
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Table 1. Soil properties of the experimental fields

Field Depth (m) Soil texture EC (dS/m) pH FC (g/9) PWP (g/g) Bulk density (g/cm®)
0-0.2 Clay loam 1.58 7.23 0.182 0.087 1.50
F 0.2-04 Clay loam 1.03 7.37 0.175 0.081 1.45
0.4-0.6 Sandy loam 0.93 7.11 0.142 0.60 147
0-0.2 Silty clay loam 1.63 7.20 0.172 0.080 151
E 0.2-04 Silty clay loam 1.23 7.25 0.155 0.069 1.48
0.4-0.6 Sandy clay loam 0.90 7.23 0.150 0.066 1.49

EC: Electrical Conductivity, pH: potential of hydrogen, FC: Field Capacity, PWP: Permanent Wilting Point.
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Figure 1. Schematic view of furrow profile
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Figure 2. The trend of Manning roughness coefficient changes in field E for advance and recession phases in three
irrigation events. (The average of repetitions is reported) (E10L-1: field E, ten-day irrigation interval, low inflow rate
and first irrigation event).

Figure 3. An image of one of the experimental furrows before and after irrigation
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Table 2. Maximum, minimum and average values of
manning roughness coefficient in advance and storage

phases
Field Na Ns
Max 0.636 0.317
Min 0.017 0.016
g Average 0.110 0.073
Avag. in first event 0.212 0.140
Avg. in second event 0.074 0.056
Avg. in third event 0.052 0.035
Max 0.180 0.090
Min 0.026 0.015
g Average 0.064 0.041
Avg. in first event 0.101 0.056
Avag. in second event 0.044 0.032
Avg. in third event 0.052 0.036
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Figure 5. Relationship between Manning roughness
coefficient in advance and storage phases in all
experimental furrows for first to third irrigation
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Table 3. The average of percentage difference between Manning roughness coefficient for first to third irrigations in
advance and storage phases

The average of percentage difference Field Advance phase Storage phase
Between first and second irrigation events E 62.84 59.33
g F 51.23 42.83
S E 30.04 33.03
Between second and third irrigation events F 38.19 3455
Overall average of first and second irrigations events 57.03 51.08
Overall average of second and third irrigation events 34.12 33.79
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Figure 6. The relationship between manning roughness coefficient and flow rate of the first irrigation. The relation of
a: Manning n in advance phase and inflow rate, b: Manning n in storage phase and inflow rate, c: Manning n in
advance phase and outflow rate, d: Manning n in storage phase and outflow rate.
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Figure 7. The relationship between manning roughness coefficient and flow rate of the second irrigation. The relation
of a: Manning n in advance phase and inflow rate, b: Manning n in storage phase and inflow rate, c: Manning n in
advance phase and outflow rate, d: Manning n in storage phase and outflow rate.
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Figure 8. The relationship between manning roughness coefficient and flow rate of the third irrigation. The relation of
a: Manning n in advance phase and inflow rate, b: Manning n in storage phase and inflow rate, c: Manning n in
advance phase and outflow rate, d: Manning n in storage phase and outflow rate.
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