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Introduction

Conservation tillage systems are recommended by government agencies around the world as an
appropriate management option for preserving soil and water resources.

Protective tillage has advantages over conventional tillage in terms of reducing energy
consumption (Abbaspour et al., 2005). These include reducing erosion of water and wind
(Lithourgidis et al., 2007), requiring less labor, increasing soil organic matter, and accelerating
time of the second crop (lto et al., 2007).

Here, Manning’s roughness and penetration function are particularly important. More
accurate evaluation, design and simulation of these parameters provide better irrigation systems.
If the parameters of the penetration equation are not close to the field conditions, irrigation may
cause runoff and deep percolation. Kuotsu et al. (2014) studied the effects of different tillage on
soil hydraulic properties and the productivity of rainfed land under rapeseed cultivation in
northeastern India. The results of their research showed that infiltration and hydraulic
conductivity significantly increased in conservation tillage systems, and the amount of water use
efficiency (WUE) was the highest in the conservation tillage system.

Considering the necessity of protecting the soil and water resources and the important role of
tillage operations, this research investigated the effects of different tillage methods on the
hydraulic properties of barley surface irrigation using WinSRFR model.

Methodology

This research was carried out during the summer of 2014 in a field belonging to Dez irrigation
and drainage network in the northern Khuzestan province, Iran (48° 25 E, 32° 16’ N, 82 m above
sea level). Four treatments including two conventional tillage treatments of CT; and CT.
(moldboard plow + 2 perpendicular disk) and two MT1 and MT, minimum tillage treatments
(applying 2 perpendicular disks) with 0.6 and 0.75 m in width and 50 m in length were
considered. The longitudinal slope of the furrows was 0.003 m.m™. The experimental field was a
split plot in completely randomized block design with three replications. Hydraulic
characteristics of surface irrigation (infiltration equation coefficients, roughness coefficient (n),
and Input-Output Hydrograph) and irrigation efficiency were measured and simulated with
WinSRFR4.3.1 model and compared with Duncan's multi-domain test. In order to record the
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advance and the rescission time, the wooden nails were installed about 5 meters from the
beginning to end of the furrow. A steady flow (1.5 I/s) entered each furrow, and the arrival time
of the waterfront for each of the nails was recorded in each irrigation time. According to the soil
texture and furrow length, irrigation time was set to 210 minutes. During this time, the inlet and
outlet flow was measured by WSC flume.

Results and Discussion
Effect of tillage and width of the furrow on the coefficient (K)

By decreasing tillage, the amount of K increased. The difference in K coefficients in different
treatments can probably be due to the reduction of the stages of tillage. Regarding the comparison
of the mean of treatments in K coefficient, the highest value of K is equal to 0.02 for minimum
tillage and 75 cm of furrow width. MT, treatment was placed in the statistical group, and CTj,
CT, and MT; treatments were put in groups ab, b and c.

Effect of tillage and width of the furrow on the coefficient (a)

The interaction of treatments on a coefficient showed that the CT, treatment (conventional
tillage treatments with a width of 0.75) had the highest value of 0.43 and in the statistical group a,
while CT1, MT1, MT; treatments were placed in the statistical group b and ab.

Effect of tillage and width of the furrow on the coefficient (fo)

The results of analysis of variance for coefficient fo showed that the effect of tillage and Faro
width on fy is not significant. However, the interaction between the two treatments was
significant on the coefficient fo at 1% level.

Effect of tillage and width of the furrow on the coefficient (n)

Comparison of the mean value showed that the n coefficient in two methods of tillage was in
the two statistical groups a and b. The comparison of the mean value of the cross-sectional effect
on the n coefficient indicated that the furrow with the 75 cm has the highest value by n=0.058.

Application Efficiency (Ea)

The highest application efficiency in the first and second irrigation was 46% and 42% in
minimum tillage method, respectively. The results of the model showed the highest application
efficiency by 52% and 43% in minimum tillage method.

Tail Water Ratio (TWR)

The highest TWR in the first and second irrigation with 31% and 41% is related to
conventional tillage method, which is consistent with the model results. The mean value of
RMSE for runoff efficiency was 3.7 for first irrigation and 2.9 for second irrigation.

Deep Penetration Ratio (DPR)

In the minimum tillage and conventional tillage method, the DPR was about %26 in the first
and second irrigation. The least error in both first and second irrigation was recorded in minimum
tillage method.

Conclusions

Conventional and minimum tillage practices have reduced or increased the coefficients of
infiltration equation and n. In other words, the coefficients of infiltration equation and n do not
show a uniform response to tillage changes. The coefficient of k has more variation in both
irrigation intervals compared with other coefficients of the infiltration equation (fo, a). According
to the results, the WinSRFR model can be used to design, simulate and evaluate the management
of furrow irrigation systems.
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Table 2 - Analysis of the variance of hydraulic characteristics of the furrow surface irrigation

Kostiakov Lewis coefficients Manning
Source of variation DF Fo K coefficient (n)
(m*/m.min) a (m*/m.min?)
replication 2 1.1E-8ns 0.0002™ 0.000008"™ 0.00001"
tillage 1 9.6E-9ns 0.007™ 0.0001" 0.0002"™
Main error 2 6.3E-10ns 0.007™ 0.00004"™ 0.000001"
Width of furrow 1 4.8E-8ns 0.025™ 0.00001™ 0.0001"
Tillage* Width of 1 2.2E-8ns 0.06" 0.0004™ 0.0001™
furrow
Sub error 14 16 16 16 16
CV(%) 28.7 26.9 27.7 4.9

ns: Non-significant, ** *:significant at 1% and 5% probability level respectively

0.03 M Width of furrow 0.6

a
0.02 ab
0.02 b
4
0.01 c
0.01
0.00 | - -
CT MT

H Width of furrow 0.6
0.08 O Width of furrow 0.75

0.06 b b b
0.04

0.02

0.00
CcT MT

0.50
0.40
0.30
© 0.20
0.10
0.00

Fo

lWidthaof furrow 0.6

ab b
CT MT

M Width of furrow 0.6
0.0010

a a a
0.0008 a
0.0006
0.0004
0.0002
0.0000

CT MT

P95 9 J9! ol 53 T (K ugud ulpo (Slo dulie - S
Fig. 1- Comparison of the average hydrological coefficients of soil in the first and second irrigation
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Table 3 - The mean values of the coefficients of the Kostiakov Lewis penetration equation and
manning roughness coefficients

Irrigation Tillage Width of K a Fo n
treatments furrow (m)  (m%/m.min%) (m*/m.min)
0.6 0.02096 0.2095 0.00096 0.054
0.75 0.009401 0.3564 0.001197 0.053
0.6 0.01848 0.3067 0.001197 0.056
0.75 0.02224 0.2240 0.00098 0.065
0.6 0.01563 0.3167 0.00078 0.050
0.75 0.00753 0.5117 0.000617 0.049
0.6 0.01131 0.3591 0.00081 0.051
0.75 0.01486 0.3602 0.00048 0.062
ST S () 0uns (S3kw 4 § (21 700) 0 (5 50311 3 Slao (uSlo —¢ J9ur
Table 4- Measured values (field) and simulated (model) water balance
Simulated (m3) Measured (m3) Relative error (%)
5 5 - - S - - S - = S
S £ 2 2 g 2 2 S 2 2 5§
(=) o = S = = S = c S =
E £ - * £ " £ - % E
CT1 18.9 12.43 6.47 18.9 11.12 7.78 0 16.8 11.7
CT2 18.9 13.65 5.25 18.9 121 6.8 0 22.7 12.8
MT1 18.9 12.59 6.31 18.9 11.14 7.76 0 18.6 13.01
MT2 18.9 13.62 5.28 18.9 13.45 5.45 0 3.1 1.26
CT1 18.9 10.02 8.88 18.9 9.96 8.94 0 0.7 0.6
CT2 18.9 9.92 8.98 18.9 10.93 7.97 0 12.6 9.2
MT1 18.9 10.36 8.54 18.9 10.87 8.03 0 6.4 4.6
MT2 18.9 8.17 10.73 18.9 9.8 9.1 0 17.9 16.6
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Table 5- Measured values (field) and simulated (model) efficiencies
Irrigation  Treatment Measured (%) Simulated (%)
DU DPR TWR Ea DU DPR TWR Ea
CT1 78 34 31 35 87 26 34 39
CT2 70 29 25 46 83 21 28 51
MT1 71 37 27 36 81 25 33 42
MT?2 71 32 22 46 79 20 28 52
CT1 65 30 41 29 71 26 47 27
CT2 68 27 42 41 73 20 41 39
MT1 72 30 38 32 87 27 45 28
MT2 70 26 32 42 75 20 37 43
Ea: Application efficiency; TWR: Tail water ratio; DPR:Deep percolation ratio; DU: Distribution uniformity
Sl 8 Khos Slgasls 359T ¢ 33 Jao RMSE slas O3 -1 J90a
Table 6- RMSE Error Efficiencies in Field Measurement and Estimated by Model
Irrigation Treatment TWR Ea DPR Du
CT, 3.7 2.7 4.1 2.8
First CT, 3.3 3.3 1.4 3.6
MT, 4.4 3.2 3.1 3.1
MT, 3.4 3.5 1 3.3
CT, 3.7 2.1 4.4 3.3
Second CT, 2.2 1.8 1.4 2.6
MT, 3.8 1.9 4.4 1
MT, 2 0.54 1.4 1.7
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