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Effect of Hydrus 3D Input Parameters on Simultaneous Simulation of
Water Movement and Sugar Beet Root Water Uptake

Majid Raoof!

Abstract

The accurate prediction of soil water movement and root uptake are very important to provide
optimal root zone moisture conditions for increasing plant yield. In this study, soil water
movement and sugar beet root uptake were simultaneously simulated, using HYDRUS 3D
software, and the effect of extraction methods of input parameters on the accuracy of simulation
were evaluated. For this purpose, sugar beet was cultivated in three lysimeters with identical soil
texture. Irrigation was performed twice a week (8 on Sunday and 16 on Wednesday). Volumetric
water content and drainage water volume from lysimeters were measured before and after each
irrigation, respectively. The volume of drainage water from the lysimeters at different times, was
selected as objective function. Using measurement, calculation or simulation, the hydrus 3D
software input parameters including initial moisture (with two methods), saturated moisture (with
three methods), residual moisture (with two methods) and saturated hydraulic conductivity (with
two methods), extracted and simulation were completed. The results showed that if the residual
moisture derived from measurement (by pressure plate method), saturated moisture derived from
RETC software, initial moisture derived from measurement (measured by weighing method) and
hydraulic conductivity derived from Rosetta software, were used in the simulation, the simulation
accuracy will be highest. The values of relative error, root mean square error, mean absolute error,
geometric mean error ratio and coefficient of determination are 17.58%, 0.759 liters, 0.866, 0.777
and 0.885, respectively. Values of GMER parameter, also, showed that in most simulations the
model is underestimated.

Keywords: Numerical solution, Underestime, RETC, Rosetta
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effect of extraction methods of input parameters on the accuracy of
simulation were evaluated. For this purpose, sugar beet was cultivated in
three lysimeters with identical soil texture. Irrigation was performed twice
a week (8 on Sunday and 16 on Wednesday). Volumetric water content
Keywords: Numerical | and drainage water volume from lysimeters were measured before and
solution, Underestime, | after each irrigation, respectively. The volume of drainage water from the
RETC, Rosetta lysimeters at different times, was selected as objective function. Using
measurement, calculation or simulation, the hydrus 3D software input
parameters including initial moisture (with two methods), saturated
moisture (with three methods), residual moisture (with two methods) and
saturated hydraulic conductivity (with two methods), extracted and
simulation were completed. The results showed that if the residual
moisture derived from measurement (by pressure plate method), saturated
moisture derived from RETC software, initial moisture derived from
measurement (measured by weighing method) and hydraulic conductivity
derived from Rosetta software, were used in the simulation, the simulation
accuracy will be highest. The values of relative error, root mean square
error, mean absolute error, geometric mean error ratio and coefficient of
determination are 17.58%, 0.759 liters, 0.866, 0.777 and 0.885,
respectively. Values of GMER parameter, also, showed that in most
simulations the model is underestimated.

1. Introduction

The accurate prediction of soil water movement and root uptake are very important to provide
optimal root zone moisture conditions for increasing plant yield. Numerical simulation is an effective
solution in optimizing farm water management. Water moves from the soil to the roots and from the
roots to the leaves and then to the atmosphere. The uptake of water by the roots is applied as a term of
outflow in the equation governing soil water flow (Richards’s equation). In general, there are two
microscopic and macroscopic criteria in modeling root water uptake. An important feature of the
Richards equation is that it uses moisture and hydraulic data and is very useful in simulating
management scenarios. Initial and boundary conditions are required, to solve the Richards differential
equation. The most important input parameters of Hydrus 3D software are initial, residual and saturated
moisture and soil saturated hydraulic conductivity, which can be extracted by different methods. Among
the methods for extracting the mentioned parameters are the field and laboratory measurement methods
and use of RETC and Rosetta software.
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2. Materials and Methods

In this study, soil water movement and sugar beet root uptake were simultaneously simulated, using
HYDRUS 3D software, and the effect of extraction methods of input parameters on the accuracy of
simulation were evaluated. This research was conducted in the hangar research farm of university of
Mohaghegh Ardabili, located in Daneshgah Street of Ardabil city. For this purpose, sugar beet was
cultivated in three lysimeters with identical soil texture. Sugar beet plant was planted on May 2, 2017,
in lysimeters and the area around lysimeters and irrigated for germination. To measure daily rainfall, a
rain gauge was installed next to the lysimeters and the daily rainfall was measured and recorded.
Irrigation was performed twice a week (8 on Sunday and 16 on Wednesday). VVolumetric water content
and drainage water volume from lysimeters were measured before and after each irrigation,
respectively. The sugar beet plant was thinned twice. After the second thinning, the distance between
the seedlings reached almost the normal state of sugar beet cultivation, ie about 100,000 plants per
hectare. Two methods were used to extract soil moisture at different times during the growing season.
In the first method, to measure the lysimeters soil moisture, before each irrigation, a disturbed soil
sample, from a depth of 0-15 cm, was taken from each lysimeters. In the second method, gypsum blocks
buried at depths of 0, 5, 15, 25, 50 and 80 cm were used. The volume of drainage water from the
lysimeters at different times, was selected as objective function. Using measurement, calculation or
simulation, the hydrus 3D software input parameters including initial moisture (with two methods),
saturated moisture (with three methods), residual moisture (with two methods) and saturated hydraulic
conductivity (with two methods), extracted and simulation were completed.
3. Results and Discussion

The results showed that, the average total volume of evapotranspiration from each lysimeters, in the
whole growth period, is equal to 267.5 liters, which is equivalent to 1013 mm of water height. During
the same period, the average actual volume of absorbed water by the roots, in each lysimeters, was
equal to 236.8 liters, which is equivalent to 897 mm of water height. Almost in all days of the period,
the daily evapotranspiration was greater than the daily volume of root water absored. The reason for
this phenomenon is related to the higher volume of evaporation compared to the water volume used for
plant growth. If the residual moisture derived from measurement (by pressure plate method), saturated
moisture derived from RETC software, initial moisture derived from measurement (measured by
weighing method) and hydraulic conductivity derived from Rosetta software, were used in the
simulation, then the simulation accuracy will be highest. To simulate in these conditions, the values of
the parameters®;, 6, and 64 are equal to 0.254, 0.13, 0.458 cm3/cm3, and the value of K is equal to
83.49 m/d, were used. The values of relative error, root mean square error, mean absolute error,
geometric mean error ratio and coefficient of determination are 17.58%, 0.759 liters, 0.866, 0.777 and
0.885, respectively. Values of GMER parameter, also, showed that in most simulations the model is
underestimated.
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