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Table 1. Chemical and physical properties of soil profile

Soil

hori EC H Soil Sand  Silt Clay pb Ks F oM Ca Mg
(é)r:]l)zon dsmt P texture % % % gcem™3 cmdt - % (meql™) (meql™)
sandy
A :0-40 58 7.6 clay 53 24 23 1.55 8.06 0.38 0.74 3.8 13
loam
. sandy
B :40-100 81 75 loam 778 19 1.72 47.03 034 0.63 5.8 15
S yolyly @lg 1 Jeolo S (S g 0 oyl yly -Y Jgu
Table 2. Soil hydraulic parameters obtained from parametric PTFs
PTF Soil texture 0, 0, a n (cm day 1)K, L(-)
REPTFL) Sandy clay loam 0.065 0.39 0.02 1.36 12.78 0.5
Sandy loam 0.058 0.37 0.028 1.44 32.6 0.5
RPTF2) Sandy clay loam 0.051 0.34 0.003 1.25 8.09 0.5
Sandy loam 0.06 0.38 0.03 1.51 47.03 0.5
ST Sandy clay loam 0.04 0.32 0.06 1.39 12.78 0.5
P Sandy loam 0.051 0.36 0.09 1.59 32.6 0.5
Gh(PTE4) Sandy clay loam 0.053 0.38 0.05 1.39 12.78 0.5
Sandy loam 0.07 0.35 0.04 1.42 32.6 0.5
2 & .- . . .- -
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Table 3. The climatic information of study area

Irrigation Rain Evaporation Transpiration Average Temperature Wind speed
(mm) (mm) (mm) (°C) (msect)
346.5 120 109.7 23.7 8.79
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Table 4. PSO algorithm component in estimating soil hydraulic parameters

Soil texture n

&1 )
Sandy clay loam 300 1.54 1.49
Sandy loam 100 1.54 1.49

3. Qefficient of Residual Mass

1. Ndiified Coefficient Efficiency
2. Miified Index of Agreement
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Table 5. Variability of soil hydraulic parameters in optimization process

Soil texture 9, 0, a n Ky (cm day™)
Sandy clay loam 0-0.137 0.332-0.464 0-1 1-4 7.69-8.49
Sandy loam 0-0.106 0.351-0.55 0-1 1-4 46.88-47.52
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Figure 2. Soil water retention curve for two studying soil textures according to measured, optimized and
parametric PTFs values
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Table 6. Performance comparison of optimization algorithm with parametric functions in estimating soil
hydraulic parameters

Method Soil Texture 6, 0. a n (cm/day)K, RMSE
PSO Sandy clay loam 0.034 0.352 0.0021 1.24 10.32 0.003802
R(PTF1) Sandy clay loam 0.065 0.39 0.02 1.36 12.78 0.004213
R(PTF2) Sandy clay loam 0.051 0.34 0.003 1.25 8.09 0.003862
Sp(PTF3) Sandy clay loam 0.04 0.32 0.06 1.39 12.78 0.004612
Gh(PTF4) Sandy clay loam 0.053 0.38 0.05 1.39 12.78 0.004732
PSO Sandy loam 0.00 0.35 0.0088 1.1 47.2 0.01102
R(PTF1) Sandy loam 0.058 0.37 0.028 1.44 32.6 0.03246
R(PTF2) Sandy loam 0.06 0.38 0.027 15 47.2 0.01223
Sp(PTF3) Sandy loam 0.051 0.36 0.09 1.59 32.6 0.04326
Gh(PTF4) Sandy loam 0.07 0.35 0.04 1.42 32.6 0.038126
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Figure 3. Evaluation of HYDRUS-PSO model performance in two soil textural classes
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Table 7. Performance evaluating of the models in simulating water flow in the studied soil profile

Type model E d CRM R?

HYDRUS(0-20cm) 0.51 0.76 -0.02 0.88
HYDRUS-PSO(0-20cm) 0.89 0.94 -0.0012 0.98
HYDRUS(40-60) 0.25 0.67 -0.03 0.79
HYDRUS-PSO(40-60cm) 0.74 0.86 -0.006 0.93
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Abstract

Iran is located in arid and semi-arid belt of the earth and also because of drought, climate changes and
mismanagement of water use; its freshwater resources are declining. Therefore, the need to increase
water productivity is obviously rational. New methods of irrigation can be mentioned to increase the
efficiency of water resources management. Management and application of these new methods of
irrigation also requires studying the process of soil moisture changes and its availability to the plant.
The purpose of this study was to evaluate the performance of HYDRUS-1D hydrological model at two
different depths using inverse solution method in relation to pedo-transfer functions in four-year alfalfa
farm which irrigated with center pivot irrigation system. Therefore in this study, the Particle Swarm
Optimization (PSO) algorithm (as inverse solution method) as well as three parametric functions
including Rosetta, Gorbani Dashtaki and Homaee, and Sepaskhah and Bondar were used to estimate soil
hydraulic parameters in simulating soil movement and moisture distribution in HYDRUS-1D
hydrological model. So, among the three parametric functions, the best function was selected and then
the efficiency of the inverse solution method was compared to the parametric method in the process of
simulating the unsaturated flow with the HYDRUS model. The results indicated the acceptable ability
of PSO algorithm to estimate soil moisture characteristic curve and its hydraulic parameters. Also by
evaluating the statistical indices, it was shown that by linking HYDRUS model with PSO algorithm,
this model was efficient to estimate the trend of soil moisture changes. The best model performance was

obtained in the soil upper layer with E = 0.89, d' =0.94 and R? = 0.98.

Keywords: HYDRUS Model, Inverse solution, Soil moisture characteristic curve

Etminan S., Jalali V.R., Mahmoodabadi M., Khashei Siuki A., and Pourreza Bilondi M. 2021. Investigating the effect of
optimizing soil hydraulic parameters with inverse and parametric solution methods in increasing the accuracy of water
movement simulation with HYDRUS. Applied Soil Research, 9(2): 15-30.

1.Ph.D. Student, Department of Soil Science, Faculty of Agriculture, Shahid Bahonar University of Kerman

2. Associate Professor, Rangeland and Watershed Management Department, Higher Education Complex of Shirvan
3. Professor, Department of Soil Science, Faculty of Agriculture, Shahid Bahonar University of Kerman

4. Associate Professor, Department of Water Engineering, Faculty of Agriculture, University of Birjand

* Corresponding Author Email: v.jalali@uk.ac.ir


mailto:v.jalali@uk.ac.ir

