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Abstract. Accurate estimation of hydrodynamics properties of soils is essential 
for many agricultural water related studies. The hydrodynamics properties of soils can 
be determined on a soil sample using a tank model and a laboratory method. The main 
objectives of this study were: (i) soil-volumetric water content curve, (ii) the 
relationship matric potential-water content, (iii) the relationship hydraulic 
conductivity-water content.

Rezumat. Cele mai multe proiecte de hidroamelioratii necesita determinarea 
cu precizie a proprietatilor hidrodinamice ale solurilor. Acestea pot fi determinate pe 
modele fizice experimentale. Obiectivele principale ale acestui studiu sunt: (i) stabilirea 
profilului hidric al solului, (ii) stabilirea relatiei potential-umiditate, (iii) stabilirea 
relatiei conductivitate hidraulica-umiditate.

In the literature, different methods are presented to access the hydrodynamics 
properties of soils. Nevertheless, some of these methods require expensive and very 
specific devices. Others needs personnel with special skills while others are very 
laborious and time consuming.

Moreover, the same methods are not used in all the countries and the soil type will 
be a reason for selecting one or another method.

These properties are usually expressed as functional relationships between the soil 
hydraulic conductivity and water content or matric potential, and between the matric 
potential and water content (soil water retention curve). Both functions are highly 
nonlinear and direct laboratory or field measurements are time consuming and involve 
considerable uncertainty. Therefore, parameter estimation methods to determine soil 
hydraulic properties are of interest. Inherent in this approach is the assumption that the 
soil hydraulic properties may be described by a relatively simple set of deterministic 
function (hydraulic model) that contains few unknown parameters. The most widely 
used soil hydraulic models are those of Gardner (1958), which was extended by 
Brutsaert (1966), Brooks and Corey (1964) and van Genuchten (1980) which following 
Mualem models (1976).

In this study the hydrodynamics properties of a soil were estimated using van 
Genuchten-Mualem type expressions.
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MATERIAL AND METHODS

The measurements have been made in the Physical Soil Laboratory of the Ovidius 
University of Constantza and the results could be seen in the following paragraphs.

The soil samples have been taken from a podzolic soil. We took samples for the 
following range of depths: 0-30cm, 30-60cm and 60-100cm. 

Measured data include particle size distributions, bulk density soil water content 
characteristics. The particle size analysis has been done with the hydrometer analysis 
method. Using the ternary diagram we determined the soil type. For this example we 
obtained the following fraction: 28 % clay, 21 % silt and 51 % sand. According with the 
textural classification used in Romania, the soil layer up to the 30 cm can be situated in the 
sandy clay loess (LAS) category, the soil layer between 30 and 60 cm is a loam clay loess 
(LAL) and the bellow horizon (from 60 to 100 cm) enters in the clay category (A).

The hydrodynamics properties of soil are water retention and saturated and 
unsaturated hydraulic conductivity. Water retention characteristics are commonly given as 
the soil water content ( with units of cm3of water per cm3
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of soil) versus a capillary pressure 
(h, usually defined in cm of water pressure). The notation followed in this article will assume 
that h is negative for unsaturated soils.

Soil - volumetric water content measurements in lab have been illustrated in the 
following figure (Fig. 1)
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Fig. 1-Soil-volumetric water content curve Fig.2 - Soil-water retention curve

Water retention measurements in lab have been determined with the pressure cell 
with porous plate (1 bar high flow ceramics) apparatus. The measurements were performed 
at -1, -4, -10, -20, -40, -70, -100, -200 and -316,22cm of capillary pressure (approximate 
values). The water retention curves for all 3 horizons are presented in Fig.2. In this graphic 
on X-coordinate is the volumetric water content ( ) and on Y-coordinate is pF (logarithm 
decimal of capillarity pressure). This graphics proved that this soil presents an appreciable 
micro porosity in normal condition of supply water.
Saturated hydraulic conductivity (Ks) was determined with the constant head permeameter 
method after the soil samples were used in the pressure cell with porous plate apparatus.

The saturated hydraulic conductivity has been measured for every type of soil 
horizon using undisturbed cylindrical samples, with 2 cm high and 5, 6cm in diameter. For 
this test we have used a constant head permeameter without suction. The specific 
conductivity with ksat saturation is calculated with the following equation:
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V represent the volume of the water (cm3) evacuated meanwhile of time T (s), ksat is the 
hydraulic conductivity of saturation (cm/s), A is the cross section of sample (cm2
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), h is the 
difference between both piezometer tubes (cm), l (cm) represents the height of sample.

Fig. 3 – Saturated hydraulic conductivity function: Ks-z (depth) 

The value of the specific saturated hydraulic conductivity calculated is corrected 
with a coefficient if the reference lab temperature is more or less than 20o

The saturated hydraulic conductivity function is presented in the Figure 3. The 
saturated hydraulic conductivity (Ks) value varies between 1.82 and 0.22 cm/day.
By following the function Ks – z (depth), we observed two stages: a fast Ks attenuation what 
means a fast drainage, follow by a flattening of the slope curve corresponding to a lent 
drainage.

RESULTS AND DISCUSSIONS

For modelling and other numerical or graphical purposes, it is often convenient to 
provide volumetric water retention and unsaturated hydraulic conductivity 
characteristics in functional form. For this reason we have tried to find a method (Fig.4) 
which allows estimating simultaneously these hydrodynamics properties of soil: the 
matric potential-volumetric water content relationship, h(

C.

), and the hydraulic 
conductivity-volumetric water content relationship, K( ).
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Fig. 4 – Laboratory method to estimate water retention and unsaturated hydraulic conductivity 
characteristics in functional form.

To fit the matric potential-volumetric water retention h( ) curve, illustrated 
above [Fig.2-pF( )], we have used a Van Genuchten – Mualem model:
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r , effective saturation (dimension less value defined by van 

Genuchten); the volumetric water content (cm3/cm3
r); the residual volumetric 

water content, defined as the water content for which the gradient 
dh

d
becomes zero, 

(cm3/cm3
s); the saturated volumetric water content (cm3/cm3); = fitting 

parameter (m-1); nm, = fitting parameter:
n

m
1
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From the above equation, the volumetric water content function of a soil can be 

and n are known.
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Fig. 5 - Fitted Van Genuchten - Mualem matric potential-volumetric water content h( ) curves

The observed values are fitted with the Van Genuchten equation by minimize an 
objective function: the sum of squared residuals (SSC). The suitable fit of the flexible 
function data is measured using root-mean-square error (RMSE) for the regression of 

the observed vs. fitted values ( NSSCRMSE ), the correlation coefficient (corel) 

and the Nash coefficient (eNash). For a suitable fit, the 
11,1,0 oreNashandcorelRMSE . The parameter values are 

presented in Table nr.1.
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Table 1
Fitted soil hydraulic parameters for the retention curves plotted

-1 n)
r (cm3/cm3

s) (cm3/cm3)

0.009 1.1 0.07 0.409

From the results in Fig.5 n gives an 
excellent fit to observed data for this type of soil.

The following assumptions were made: one-dimensional flow; homogenous soil; 
isotherm medium. Thus we could apply the Darcy’s generalized law:

gradHKq )( , where: zhH )( and equation becomes

1
)(

)(
dz

dh
Kq

Using the equation above, we could estimate the hydraulic conductivity function 
and develop the relationship hydraulic conductivity - volumetric water content: K( ). 
The results obtained for the function unsaturated hydraulic conductivity – water content 
were presented in the Fig. 6. Regarding the value of the estimated saturated hydraulic 
conductivity, the Van Genuchten - Mualem model gives good results.
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Fig. 6 - Fitted Van Genuchten - Mualem hydraulic conductivity-volumetric water content K( )
curves
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CONCLUSIONS

Knowledge of hydraulic properties of soil is essential for irrigation and drainage 
design, leaching requirement formulation. These properties are usually expressed as 
functional relationships between the soil hydraulic conductivity and water content or 
matric potential, and between the matric potential and water content.

The purpose of this study was to determine the volumetric water retention and 
hydraulic conductivity curves near saturation (in range of matric potential h=0cm to h=-
316,22cm pF=2,5), using experimental data and a simple laboratory method. 

The Mualem - Van Genuchten (1980) model have been calibrated with 
experimental data.

The h( ), K( ) functions has been established with accuracy and the results are 
global satisfactory.

Finally, we can conclude that this method to estimate the volumetric water 
retention and hydraulic conductivity curves in laboratory is useful for describing or 
predicting near –saturated soil hydraulic properties and for deterministic or stochastic 
simulation of water retention and movement in soil.
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