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Abstract: In grasslands where organic and inorganic resources are alternating at scales of individual plants, the transient 
character is given to certain wetting properties of soil, which then become highly variable both in space and in time. The 
objective of presented study was to study wetting pattern within two soil horizons at 5-cm and 10-cm depths respectively 
and to examine how the wetting patterns relate to hydraulic conductivity determined by Minidisc infiltrometer at suction 
–2 cm, K(–2 cm). This characteristics is implicitly independent on antecedent soil water content (SWC) since it relates to 
steady infiltration phase but can be influenced by present soil water repellency (SWR). Field measurements were per-
formed on July 27–28, 2010 on the grassland experimental site located near the village Sekule in Southwest Slovakia. 
The water drop penetration time (WDPT), SWC and tension Minidisc infiltration measurements were carried out on the 
0.64 m2 plot in a regular 8 x 8 grid. The results showed that SWR and SWC influence each other and cause correlation 
between spatial patterns of studied soil wetting characteristics and between characteristics measured at the two soil 
depths. Further, it was found out, that calculation of K(–2 cm) according to Zhang may cause apparent correlation of K(–2 cm) 
with antecedent SWC, which is the artificial effect of sorptivity parameter in the equation on steady stage of infiltration 
process. This pseudocorrelation has disappeared after adopting of Minasny and McBratney (2000) approaches by calcu-
lation of K(–2 cm). 
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INTRODUCTION 

 
Assessment of soil hydraulic properties is very important 

component for the interpretation of the physical characteristics 
of soil and the management of agricultural practices (Green et 
al., 2003). The information about their spatial and temporal 
variability and patterns is useful also for many other applica-
tions (forest and grassland management, erosion control, waste 
and contaminants management etc.). The knowledge about this 
issue has become quite robust during the last half century in 
rigid and relatively uniform soils but certain part of this 
knowledge should be handled carefully when dealing with 
heavy soils, stony soils, soils with high organic matter content 
or water repellent soils (Bedrna and Orfánus, 2013). Infiltration 
is critical process for example in grasslands, where the re-
sources such as water, litter, nutrients and biological activity 
are typically scaled at the level of individual plants (Schlesinger 
et al., 1996) and where their synergism may frequently result in 
water repellency of soil and uneven wetting pattern. Soil water 
repellency (SWR) reduces the affinity of soils to water in a way 
that they resist wetting for periods ranging from a few seconds 
to hours, days or weeks (Doerr and Thomas, 2000). It has hy-
drological and geomorphological repercussions for example 
such as the reduced infiltration capacity of soils, enhanced 
overland flow and accelerated soil erosion, development of 
preferential flow and the accelerated leaching of agrochemicals 
(e.g. Ritsema el al., 1997). The persistence (Dekker et al., 1999) 
or stability (Letey et al., 2000) of SWR can be estimated by the 
water drop penetration time (WDPT) test (Dekker and Ritsema, 
1994). The severity of SWR can be estimated by the ninety 
degree surface tension, contact angle or the molarity of an 
ethanol droplet (MED) test (Kořenková et al., 2015; Letey et 
al., 2000). The repellency index RI is a measure of intrinsic 
sorptivity of soil and calculated from the ratio of soil sorptivi-

ties for ethanol and water (Tillman et al., 1989). Using the 
algorithm resembling Monte Carlo method, the repellency 
index was spatially interpreted by Pekárová et al. (2015).  

Particularly coarse-textured soils will be susceptible to soil 
water repellency  development after prolonged dry periods and 
elevated temperatures (Mataix-Solera et al., 2008) that could 
occur more often from climate change (Goebel et al., 2011). It 
is because of their low specific surface, which can easily be 
covered by hydrophobic substances. The majority of works 
assessing soil wettability were carried out in arid or semiarid 
regions (e.g. Leighton-Boyce et al., 2005). The studies dealing 
with the occurence of SWR in temperate or more humid climat-
ic regions were, thus, carried out mainly on coarse textured 
(sandy) soils (Täumer et al., 2005) or those situated in coastal 
areas at low altitude (Dekker et al., 2001).  

Many studies on hydraulics of water repellent soils have 
been performed during the last decades (e.g. Dekker et al., 
1999; Doerr et al., 2000; Hallett et al., 2004; Lichner et al., 
2003, 2011; Orfánus et al., 2014; Ritsema et al., 1997, 2005). 
Soil hydraulic conductivity is the most important hydrodynamic 
characteristics in most water-related studies in soil and on many 
physical processes active on its surface. It is a function of water 
potential or water content of the soil. It is steeply decreasing as 
the soil dries primarily due to the movement of air into the soil 
to replace the water. The pathways for water flow between soil 
particles become smaller and more tortuous, and flow becomes 
more difficult (Taiz et al., 2015).  

Disk infiltrometers are established as standard devices for 
measuring soil surface hydraulic properties when large 
macropores and cracks should be avoided from the infiltration 
process (Dohnal et al., 2010). By application of small suction 
(typically 0–10 cm) at the soil-disc interface the unsaturated (in 
wettable soils also called the near-saturated) hydraulic conduc-
tivity is being usually obtained from the disk infiltrometer data. 
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Fodor et al. (2011) dealt with three field types of saturated 
hydraulic conductivity measuring methods, which were investi-
gated and compared using in situ infiltration data, as well as 
outflow data obtained from two laboratory methods. They 
found substantial variability of hydraulic conductivity deter-
mined by different measurement and calculation methods. 
Measuring soil hydraulic conductivity with a minidisk infil-
trometer was proposed by Zhang (1997), where the method 
requires measuring of cumulative infiltration vs. time and fit-
ting the results to compute sorptivity and the hydraulic conduc-
tivity of soil.  

Minasny and McBratney (2000) analyzed infiltration data 
from the numerical experiment and the field study as well to 
obtain the estimate of sorptivity by five fitting methods (differ-
ent from Zhang’s) and incorporation of such estimated sorptiv-
ity for calculation of K(–2 cm) based on Wooding (1968) and 
White and Sully (1987). This approach eliminated the effect of 
initial unsaturation of soil on K(–2 cm) values, which was not  
treated in the method of Zhang (1997). 

The unsaturated hydraulic conductivity measured using Mini 
Disk Infiltrometer and calculated according Zhang (1997) and 
Wooding (1968) was also discussed in Kodešová et al. (2011). 
Authors report overestimation of values provided by Zhang’s 
method. Orfánus et al. (2014) observed statistically significant 
temporal changes in K(–2 cm) calculated according to Zhang 
(1997) in severally water repellent soil near Sekule in Slovakia. 
Authors explained this unexpected behavior by temporal 
changes in distribution of water repellent vs. wettable soil do-
mains (wetting pattern). 

Close et al. (1998) observed a non-uniform wetting pattern 
of the sand at the membrane interface. This has resulted in 
differences in infiltration rate and variations in infiltrating area 
and depth of infiltration. The maximum difference in infiltra-
tion was 80% and the infiltration area varied from 25% to 
100%. The non-uniform wetting of soil led to a high variation 
in infiltration curves also in Minasny and McBratney (2000).  

The objective of here presented research was to analyze the 
spatial variability of unsaturated hydraulic conductivity, K(–2 cm)  
 

within two horizons of water repellent sandy soil under the 
grassland vegetation with respect to overall wetting pattern and 
observed water repellency within these horizons. Two different 
fitting methods for K(–2 cm) calculation from minidisk infiltration 
tests proposed by Zhang (1997) and Minasny and McBratney 
(2000) were applied to provide deeper insight into the observed 
relationships. 

 
MATERIALS AND METHODS 
Locality Mlaky II  

 
The experimental site Mlaky II near Sekule in Southwestern 

Slovakia is located at an elevation of 150 m above sea level 
with the average annual air temperature of 9.8°C, and the annu-
al precipitation of 500–600 mm. The soil is classified as Acid 
Aeolic Arenosol (WRB, 2014), evolved from combined fluvial 
and aeluvial sandy sediments giving it a sandy texture (91.3% 
of sand, 2.8% of silt and 5.9% of clay). The soil contains organ-
ic carbon (0.99%) and its soil reaction is acidic (pH-H2O = 
5.14). The former pine-forest (Pinus sylvestris) had been re-
moved and the actual vegetation consists mostly of grass spe-
cies (Poaceae family). Among other species most frequent are 
Achillea millefolium, Acetosella vulgaris, Anthemis ruthenica, 
Convolvulus arvensis, Lepidium ruderale, Plantago lanceolata 
and Potentilla sp. The moss Brachythecium albicans appears 
amply, too. 

 
Data collecting 

 
Field measurements were performed on the 1 m2 plot situat-

ed on the grassland area at Mlaky II location in July 27–28, 
2010. The site for the research plot was visually selected with 
respect to maximize variability of vegetation species. The vege-
tation had been removed with its uppermost root zone to the 
depths of 5 cm. The water drop penetration time (WDPT), soil 
water contents (SWC) and tension minidisc infiltration meas-
urements were carried out on treated inner 80 x 80 cm of the 
1x1m plot according to the scheme in Fig. 1, which provided  
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Fig. 1. The spatial arrangement of hydraulic characteristics’ measurements within the 8 x 8 square grid inside the 1-m2 plot. The outer 
10 cm wide frame area was left ungauged. K(–2 cm) is the unsaturated hydraulic conductivity measured with minidisk infiltrometer, S is the 
sorptivity for water measured with minidisk infiltrometer, θ is the volumetric SWC and WDPT is the water drop penetration time test. 
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8 x 8 test squares at both depths. The outside 10-cm wide border 
around the measurement grid was left ungauged to ensure same 
lateral boundary conditions for all measurements (Fig.1).  

The upper layer (5–10 cm depth) was removed immediately 
after the measurements finishing to minimize the influence on 
the underlying layer and measurements were repeated at the 
depth of 10 cm again. The parts, which were wetted by infil-
trated water from the depth of 5 cm were avoided.  

The water drop penetration time (WDPT) was measured to 
assess water repellency of soil surfaces. Three drops of distilled 
water from a medicinal dropper about volume of water  
58 ± 5 μl were placed on a smoothed surface of a soil from the 
hight of about 20 mm. Time it took to penetrate the soil was 
recorded.  Soil water repellency was measured on 64 squares at 
both, 5 cm and 10 cm depths, i.e. in all grid cells. Water repel-
lency classes were distinguished as follows (Dekker and  
Ritsema, 1994): 1. wettable or non-water repellent (WDPT< 
5 s); 2. slightly water repellent soil (WDPT = 5 – 60 s);  
3. strongly water repellent soil (WDPT = 60 – 600 s); 4. severe-
ly water repellent soil (WDPT = 600 – 3600 s) and 5. extremely 
water repellent soil (WDPT > 3600 s). 

Soil water content (SWC) was measured by Theta Probe Ml 
2x (Delta T – Devices, Cambridge, England) at selected 32 grid 
cells as it is shown in Fig. 1. Sensor has four 6-cm long rods. 
Considering the measurement volume of this probe we assumed 
the data, measured when vertically installing sensor at the depth 
of 5 cm, represented soil water contents at both monitored soil 
depths (i.e. 5 cm and 10 cm). Since the soil at Mlaky II location 
is very rigid, coarse-textured, unstructured and with very low 
organic matter content, the Theta Probe was not specifically 
calibrated for this kind of soil, just the mode for mineral soils 
was selected during measurements.  

Water infiltration was measured using Decagon minidisk in-
filtrometers (Decagon, 2007) with the disk radius of 2.25 cm at 
32 positions at both depths in a such a way that squares with 
SWC measurements alternated with squares with infiltration 
measurements (Fig. 1). Small negative pressure head (h0 = 
 –2 cm) was applied at the infiltration interface.  

Data measured using minidisk tension infiltrometers were 
used to calculate nearsaturated hydraulic conductivity. Two 
methods were applied. Zhang (1997) proposed to estimate the 
unsaturated hydraulic conductivity and sorptivity at suctions h0 
≤ 0 from the first two terms of the Philip´s infiltration equation 
(Philip, 1957): 
 
I = a(h0) t1/2 + b(h0) t (1) 

 
where I is the cumulative infiltration [L], h0 is the applied suc-
tion [L], t is the time [T], a(h0) and b(h0) are the parameters of 
the second-order polynomial approximating the I-record versus 
t1/2. The sorptivity and unsaturated hydraulic conductivity can 
then be calculated as: 
 
S(h0) = a(h0) (2) 
 
and  
 

0
0

( )( ) b hK h
A

=  (3) 

 
where A is a constant and according to the Minidisc infiltrome-
ter manual its value can either be selected for specific soil tex-
ture from the table (2.4 for sandy soil) or it can be calculated 
with using of soil water retention parameters (Decagon, 2007). 

To be consistent with previous researches (e.g. Orfánus et al., 
2008, 2014) we used the recommended value 2.4. 

For three-dimensional infiltration form the equation (1) has 
been modified as (Vandervaere et al., 1997):  
 

1/ 2 ( )I St b c t= + +   (4) 
 
where c is dependent on S, as follows: 
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where γ is a proportionality constant and r0 [L] is the radius of 
the disk (Haverkamp et al., 1994). θ0 is the water content  
[% vol.] at applied potential head h0 and θn is the initial water 
content of the soil [% vol.]. From this relationships it can be 
seen that S does not affect only the early stage of infiltration but 
via the c parameter also the steady stage of the process.  

A variety of methods have been proposed to cope with this 
problem. Minasny and McBratney (2000) proposed For hydrau-
lic conductivity (K(h0)) at applied tension h0 calculation based 
on Wooding´s (1968) analysis combined with macroscopic 
capillary length theory of White and Sully (1987): 
 

2

0
0 0

4( )
( )n

xSK h q
rθ θ∞= −

− π
 (6) 

 
where q∞ is the steady-state infiltration rate, x is a shape factor 
for the soil-water diffusivity function which is usually taken as 
0.55 (White and Sully, 1987). S is the sorptivity estimated from 
Eq. (7) where they differentiated cumulative infiltration with 
respect to the square-root of time:  
 

( ) 1/ 2
1/ 2 2dI S b c t

dt
= + +     (7) 

 
By plotting dI/dt1/2 against t1/2, and excluding the early time 

data which exhibit nonlinear behaviour, then fitting a line 
through the data with linear behaviour will give S as the inter-
cept of the line. 

 The values of unsaturated hydraulic conductivity K(h0) 
(here  K(–2 cm))  calculated by Eq. (3) and (6) , SWC and WDPT 
were processed statistically as for their distributions, basic 
statistics and mutual correlations. All statistical analyzes were 
performed at 0.05 significance level. The sorptivity parameter 
needed to calculate according to Eq. (6) was calculated from 
Eq. (7). 

Since K(–2 cm) and the SWC could not be measured at the 
same squares of the 8 x 8 measurement setup (Fig. 1) but were 
measured in rotation, their mutual correlation was investigated 
in a way that quadruplet of adjacent squares were merged into 
one larger square and couples of K(–2 cm) values and SWC values 
inside such ensuing larger squares were averaged. The resulting 
measurement matrix providing 16 pairs of K(–2 cm) vs. SWC 
values is outlined in Fig. 2. 

To receive a demonstrative image of the spatial variability of 
these characteristics, the data were processed in Golden Soft-
ware – Surfer7 into the form of contour maps. Radial basis 
function was used as a gridding method since the number of 
data was insuficient for kriging and among other methods pro-
vided by Surfer7 software it had produced the best cross-
validation results. Radial basis functions are simple in imple-
mentation with sufficient smoothness and the Multiquadric basis  
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Fig. 2. Merging the original 64 squares within 0.64-m2 plot into the 16 larger squares, each containing couple of K(–2 cm), S and θ 
measurements. The upper indexes are the coordinates in measurement setup (see Figure 1). 

 
function works quite well in most cases even with small num-
ber of data. To reduce the global influence of the transfor-
mation function we used the reciprocal Multiquadric method 
(Iske, 2003), which is recommended also by Carlson and Foley 
(1991).  

 
RESULTS AND DISCUSSION 
Measured wetting characteristics of soil and their spatial 
patterns 

 
Measured values of WDPT at 5-cm depth are shown in Fig. 3a. 

The WDPT values ranged between 0 and 2640 s in depth of 5 
cm and between 0 and 832 s in 10-cm depth. The distribution of 
WDPT classes at two depths is presented in Table 1. 
 
Table 1. The distribution of WDPT classes at two depths over the 
0.64 m2 area of the research plot.  
 

WDPT 
class/ 
Depth 

Wettable Slightly 
water 

repellent 

Strongly 
water 

repellent 

Severely 
water 

repellent 

Extremely 
water 

repellent 
5 cm 12 49 89 42 0 

10 cm 51 118 19 4 0 

 
The SWC (Fig. 3b) measured with the Theta probe ML 2X 

(Delta-T Devices) varied around the mean value of 10% vol. 
with the standard deviation (SD) = 2.5% vol. and variation 
coefficient 25% in the layer demarcated by these two soil 
depths, 5–10 cm. Field evidence for considerable SWC 

variation has been reported in water-repellent field soils (e.g.  
Hendrickx and Dekker (1991)).  

The variation in SWC in presented study reaches the ceiling 
of the SWC variability ranges reported in classical works (Hills 
and Reynolds, 1969; Nielsen et al., 1973; Ritsema and Dekker, 
1994; Warrick et al., 1977) but does not reach variations ob-
served in water repellent soils (CV > 50% in Hendrickx and 
Dekker (1991) for instance). It can be a consequence of small 
spatial extent and relatively large measurement scale (75 cm3) 
of the theta probe, which smooths the variability in SWC at 
smaller scales.  

The spatial distribution of K(–2 cm) values calculated 
according to Zhang (1997) - Eq. (3) are shown in Fig. 3c for the 
5-cm depth and in Fig. 3d for 10-cm depth.  

The K(–2 cm) mean value (calculated for a lognormal 
distribution) at the 5-cm depth was 0.001 cm s–1 with standard 
deviation (SD) = 0.0008 cm s–1 while at 10 cm depth the mean 
value was 0.0014 cm s–1 with SD = 0.002 cm s–1. The frequency 
histograms of K(–2 cm) for two soil layers are in Fig. 4 and unlike 
their variances, the mean values do not differ significantly at 
0.05 significance level (Fig. 5). Approximation of the 
cumulative infiltration vs. square root of time record by 
polynom provided unrealistic values of K(–2 cm) in 5 cases at 
depth of 5 cm. These values were not considered in further 
processing. 

The K(–2 cm) mean value calculated according to Minasny and 
McBratney (2000) - Eq. (6) at 10 cm depth was 0.00293 cm s–1 
with SD = 0.0022 cm s–1. The data and the frequency 
histograms of K(–2 cm) calculated for the 10-cm horizon by two 
different methods (Eq. 3 and Eq. 6) are in (Table 2) and Fig. 5.  
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Fig. 3. The contour maps of log(WDPT in s) at 5-cm depth (a), soil water content in volumetric % (b), unsaturated hydraulic conductivity, 
K(–2 cm) in cm s–1 at 5-cm (c) and 10-cm (d) depths calculated according to Zhang (1997). 

 

 
 
Fig. 4. Frequency histograms of unsaturated hydraulic conductivity, K(–2 cm) (in cm s–1) at 5-cm depth (27 measurements - left) and at 10-cm 
depth (32 measurements - right) calculated according to Zhang (1997). 
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Table 2. Comparison of K(–2 cm) values (in cm s–1) calculated by two methods; Zhang (1997) and Minasny and McBratney (2000). 
 

K(–2 cm) – Minasny and 
McBratney K(–2 cm) - Zhang 

K(–2 cm) – Minasny and 
McBratney K(–2 cm) - Zhang 

1.22E-04 1.25E-04 1.79E-03 5.00E-04 
4.08E-04 2.50E-04 1.68E-03 1.75E-03 
3.64E-04 2.08E-04 5.32E-03 4.38E-03 
6.76E-03 3.63E-03 4.41E-03 3.00E-03 
1.70E-03 6.67E-04 2.95E-03 1.75E-03 
3.21E-03 1.13E-03 5.83E-03 2.33E-03 
1.53E-03 5.42E-04 2.14E-03 7.92E-04 
3.30E-03 1.38E-03 2.50E-03 1.33E-03 
2.33E-03 1.63E-03 3.53E-03 1.54E-03 
1.23E-03 6.25E-04 8.70E-03 5.00E-03 
1.96E-03 1.08E-03 2.43E-03 7.92E-04 
8.05E-04 2.92E-04 1.13E-03 6.05E-04 
8.84E-04 3.33E-04 2.06E-03 1.09E-03 
7.86E-04 1.67E-04 8.35E-04 2.98E-04 
8.23E-03 4.25E-03 7.84E-04 4.33E-04 
4.63E-04 1.25E-04 7.86E-04 1.17E-04 

 

 
 

Fig. 5. Frequency histograms of unsaturated hydraulic 
conductivity, K(–2 cm) (in cm s–1) values at 10-cm soil depth 
calculated according to Zhang‘s Eqs. 2–3 (up - Z) and according to 
Minasny and McBratney (low - MM). 
 

 
 
Fig. 6. Regression analyses between values of unsaturated 
hydraulic conductivity, K(–2 cm) (in cm s–1) at 10-cm soil depth, 
calculated according to Zhang’s Eq. 3 (Z) and according to 
Minasny and McBratney Eq. 6 (MM). The dashed is the 1:1 line. 

 
In Fig. 6, there is a regression analyses between the K(–2 cm) 

values calculated according to Eq. (3) and according to Eq. (6), 
respectively. The values calculated according to Zhang (1997) 
are underestimated roughly by half against the values calculated 
according to Minasny and McBratney (2000). 
 

 
Mutual relationships between measured wetting   
characteristics 

 
The values of K(–2 cm) at two particular depths were 

intercorrelated with medium level of statistical dependence 
(Fig. 7 and Table 3) what indicates that the change in wetting 
characteristics of soil with depth is rather gradual then abrupt 
and that the upper more water repellent layer may perform as 
distribution layer for the lower less water repellent one 
(Hendrickx and Yao, 1996).  

The K(–2 cm) values at depth of 5 cm showed to be indirectly 
proportional to SWC and WDPT as well, with strong level 
of dependency (Table 3) in latter case. About one half of the 
K(–2 cm) variability was explained by persistency of soil water 
repellency quantified by WDPT (R2 = 0.49). This supports the 
observations of Orfánus et al. (2014) for pairs of K(–2 cm) vs. 
WDPT collected across several dry spells (during years  
2005–2010) at the same location. This dependency decreases at  
10-cm depth to the weak level what is related to overall 
decrease in water repellency persistency as well as its areal 
variability (mean WDPT at 5 cm is 482.90 s with SD = 665.315 
s while mean WDPT at 10 cm is 50.42 s with SD = 115.45 s) 
with depth. Similarly, the WDPT showed to be indirectly 
proportional to SWC with medium dependency level (Table 3). 
It can be stated that in sandy soil under the grass cover (with 
species’ composition as described in the methods section of 
this paper) at scale of 0.64 m2 there was detected soil water 
repellency in a range from perfectly wettable (locally and only 
at 10-cm depth) to severally water repellent soil. The level of 
water repellency and its variability seems to be determined not 
only by vegetation structure and products of their 
decomposition but the variability of SWC as well. 
Notwithstanding, the option that this relationship works in 
opposite direction (soil water repellency determines the wetting 
pattern) comes to consideration as well (Hendrickx and Flury, 
2001). 

It is obvious that in our studied soil material the water 
repellency determines to a certain extent values of K(–2 cm) 
calculated according to Eq. (3) and their spatial distribution. 
The strength of this relationship decreases with soil depth and 
humidity of weather seasons (in Table 3 and also in Orfánus et 
al., 2014). 
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Table 3. Correlation coefficients between the evaluated parameters 
(n = 27, * significant at α  = 0.05, ** significant at α  = 0.01). K(–2 cm) 
is the unsaturated hydraulic conductivity (in cm s–1) measured with 
minidisk infiltrometer and calculated according to Zhang (1997) – a 
or Minasny and McBratney (2000) – b, θ is the SWC (volumetric 
%) and WDPT is the water drop penetration time (s).  
 

  
K(–2 cm) at 

10-cm 
depth 

log(WDPT) 
at 5 or 10-cm 

depth 
θ 

K(–2 cm) at 5-cm  
depth 0.48** –0.70** –0.16 

K(–2 cm) at 10-cm  
depth - a  –0.37 –0.45* 

K(–2 cm) at 10-cm  
depth - b  –0.24 –0.24 

log(WDPT) at 5-cm 
depth   –0.41* 

log(WDPT) at 10-cm 
depth   –0.21 

 

 
Fig. 7. Linear interdependence between the unsaturated hydraulic 
conductivities, K(–2 cm) (in cm s–1) calculated according to Zhang 
(1997) at 5- and 10-cm depths. 
 
The pseudocorrelation between SWC and K(–2 cm) 

 
The indirect proportionality of K(–2 cm) calculated by Eq. (3) 

with antecedent SWC with medium level of dependency  
(r = –0.49) was detected at the depth of 10 cm (Table 3). 
Actually there is no rationale behind such relationship since  
K(–2 cm) relates to steady state phase of infiltration, when it is 
expected that conductive zones under the infiltrometer disk 
have already reached the maximal water content and it is no 
more changing. This relationship was not detected in depth of 
5cm in our study, however Jirků et al. (2013) observed similar 
relationship between K(–2 cm) and field SWC in Greyic 
Phaeozem while no statistically significant dependence was 
confirmed in Haplic Luvisol and Haplic Cambisol (Jirků et al., 
2013).  

Vandervaere et al. (1997) state correctly that the influence of 
sorptivity and initial unsaturation of soil when approximating 
the infiltration record by polynom in sense of Zhang (1997) is 
high even at the steady-stage of the infiltration process. Such 
effect is most probably the primary cause for the detected 
proportionality between K(–2 cm) calculated by Eq. (3) and SWC 
at 10-cm depth. After we recalculated the K(–2 cm) values 
according to Eq. (6) using S (sorptivity) parameter estimated by 
Eq. (7) in sense of Minasny and McBratney (2000), this 
pseudo-dependency of K(–2 cm) on SWC decreased to 
insignificant level (r = –0.24). In the upper soil layer at 5-cm 
depth, this artificial dependency between K(–2 cm) and antecedent 
SWC was not observed. It is most probable that the effect of 
initial unsaturation of soil and sorptivity in this material was 

substantially inhibited by strong water repellency (Orfánus et 
al., 2014). 

On the other hand, as the result of edge effect Kodešová et 
al. (2011) observed overestimation of K(–2 cm) calculated by 
Zhang (1997) when compared to K(–2 cm) calculated according to 
Wooding (1968) when small-disk infiltrometer was used. 
 
CONCLUSIONS 
 

1. The studied grassland sandy soil in SW Slovakia with 
semiarid climate is susceptible to water repellency emergence. 
The persistency of soil water repellency can vary across 4 SWR 
classes from wettable to severely water repellent at scale of 
0.64 m2 within soil subsurface horizons of 5 and 10 cm depths. 
The level of SWR and its variability are significantly 
interrelated with the variability of SWC and variability of 
unsaturated hydraulic conductivity. The spatial variability of 
soil water repellency determines the resulting wetting patterns 
in this soil, which exhibited certain level of spatial continuity 
between depths of 5–10 cm. It was manifested in this study by 
significant mutual correlation between K(–2 cm) estimated at both 
depths. To relate this continuity with what is called fingered 
flow in the literature deserves more concern and investigation 
in the future. 

2. The values of K(–2 cm) calculated from minidisk 
infiltrometers according to classical method proposed by Zhang 
(1997) may be significantly underestimated and artificially 
pseudocorrelated with antecedent SWC in a way that the site 
with lower antecedent water content has higher K(–2 cm) value. 
This misleading pseudocorrelation caused by the effect of 
initial unsaturation of soil (via sorptivity parameter) can be 
corrected by calculating sorptivity and K(–2 cm) according to 
approaches published in Minasny and McBratney (2000). Since 
sorptivity was mostly close to zero in the strongly water 
repellent soil at depth of 5 cm, it has not influenced the steady 
stage of infiltration and calculation of K(–2 cm) according to 
Zhang (1997) did not result in pseudocorrelation with 
antecedent SWC.  
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