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This study tested the hypothesis that the changes in hydrophysical parameters and heterogeneity of water
flow in an aeolian sandy soil have the same trend as the process of succession. Three sub-sites were demar-
cated at the area of about 50 m x 50 m. The first sub-site was located at the pine-forest glade covered with a
biological soil crust and represented the initial stage of succession. The second sub-site was located at the
grassland and represented more advanced stage of succession. The third sub-site was located at the pine for-
est with 30-year old Scots pines and represented advanced stage (close to climax) of succession. The sandy
soil at the surface was compared to the soil at the pine-forest glade at 50 cm depth, which served as a con-
trol because it had a similar texture but limited impact of vegetation or organic matter. It was found that any
type of vegetation cover studied had a strong influence on hydrophysical parameters and heterogeneity of
water flow in an aeolian sandy soil during hot and dry spells. The changes in some hydrophysical parame-
ters (WDPT, R, k(-2 cm), S,(-2 cm), ECS and DPF) and heterogeneity of water flow in an aeolian sandy
soil had the same trend as the process of succession, but it was not so in the case of K and S,(—2 cm), prob-
ably due to the higher content of smaller soil particles in grassland soil in comparison with that content at
other sub-sites. Both the persistence and index of water repellency of pure sand differed significantly from
those of grassland, glade and forest soils. The highest repellency parameter values in forest soil resulted in
the lowest value of both the water sorptivity and hydraulic conductivity in this soil in comparison with other
soils studied. The highest value of ethanol sorptivity and the lowest value of saturated hydraulic conductivi-
ty in the grassland soil in comparison with other soils studied were due to the higher content of fine-grained
(silt and clay) particles in the grassland soil. The effective cross section and the degree of preferential flow
of pure sand differed significantly from those of grassland, glade and forest soils. The change in soil hydro-
physical parameters due to soil water repellency resulted in preferential flow in the grassland, glade and
forest soils, while the wetting front in pure sand area exhibited a form typical of that for stable flow. The
latter shape of the wetting front can be expected in the studied soils in spring, when soil water repellency is
alleviated substantially. The columnar shape of the wetting front, which can be met during heavy rains fol-
lowing long dry and hot spells, was attributed to redistribution of applied water on the surface to a series of
micro-catchments, which acted as runon and runoff zones.

KEY WORDS: Sandy Soil, Vegetation, Water Repellency, Hydrophysical Parameters, Water Flow.

ABBREVIATIONS: BSC — biological soil crust, DPF — degree of preferential flow, ECS — effective cross
section, WDPT — water drop penetration time.

LCubomir Lichner, Ladislav Holko, Natéalia Zukové, Karsten Schacht, KAlman Rajkai, Nandor Fodor, Renata
Sandor: VPLYV RASTLIN A BIOLOGICKEHO PODNEHO POKRYVU NA HYDROFYZIKALNE
PARAMETRE A PRUDENIE VODY V PIESOCNATEJ PODE. J. Hydrol. Hydromech., 60, 2012, 4;
51 lit., 4 obr., 2 tab.

V prispevku sa testovala hypotéza, ze zmeny hydrofyzikalnych parametrov a heterogenita pridenia vody
v piesocnatej pdde maji rovnaky trend ako proces sukcesie. Na ploche asi 50 m x 50 m sa vyty¢ili tri par-
cely. Prva parcela sa nachadzala na Cistine pokrytej biologickym podnym pokryvom a reprezentovala
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pociato¢né Stadium sukcesie. Druhd parcela sa nachadzala na zatravnenej ploche a reprezentovala rozvi-
nutejSie $tadium sukcesie. Tretia parcela sa nachadzala v borovicovom lese a reprezentovala rozvinuté
stadium sukcesie (blizke ku klimaxovej vegetacii). Piesocnatd poda na povrchu parciel sa porovnavala
s podou z &istiny v hibke 50 cm, ktora slizila ako kontrola, pretoze mala skoro rovnaku textaru, aviak
vel'mi maly vplyv vegetacie alebo organickej hmoty. Zistili sme, ze akykol'vek typ Studovaného vege-
taéného pokryvu mal vel'ky vplyv na hydrofyzikalne parametre a heterogenitu pridenia vody v piesocnatej
pdde pocas hortcich asuchych obdobi. Zmeny niektorych hydrofyzikalnych parametrov (WDPT, R,
k(-2 cm), S,(—2 cm), ECS a DPF) a heterogenity pridenia vody v pieso¢natej pdde mali rovnaky trend ako
proces sukcesie, neplatilo to vSak v pripade K; a S.(—2 cm), pravdepodobne v dosledku vysSieho obsahu
malych podnych Castic v pdde s travnatym pokryvom v porovnani s inymi parcelami. Stalost’ aj index vo-
doodpudivosti ¢istého piesku sa Statisticky vyznamne lisili od hodnét tychto parametrov v pode pod travou,
biologickym pddnym pokryvom a borovicami. Najvyssie hodnoty parametrov vodoodpudivosti v trave pod

v

v

nasytenej hydraulickej vodivosti v pdde pod travou v porovnani s inymi pédami boli pravdepodobne spdso-
bené vys$im obsahom malych pddnych Eastic v tejto pode. Efektivny prierez (ECS) a stupen preferovaného
prudenia (DPF) ¢istého piesku sa S$tatisticky vyznamne lisili od hodnét tychto parametrov v pdde pod
travou, biologickym pddnym pokryvom a borovicami. Zmeny hydrofyzikalnych parametrov pddy
v désledku jej vodoodpudivosti mala za nasledok preferované pradenie v pdde pod travou, biologickym
pddnym pokryvom a borovicami, zatial' ¢o éelo omacania v Cistom piesku malo tvar typicky pre stabilné
prudenie. Takyto tvar ¢ela omacania mozno vo vsetkych Studovanych pddach ocakavat na jar, ked je vo-
doodpudivost’ pddy podstatne znizena v dosledku jej zvysenej vlhkosti. Celo oméaéania v tvare prstov, ktoré
mozno o¢akavat’ pocas privalovych dazd’ov nasledujucich po dlhych suchych a hortcich obdobiach, mozno
priéitat’ redistribucii vody na povrchu pddy do viacerych mikropovodi, ktoré sa spravali ako vtokové
a odtokové oblasti.

KLUCOVE SLOVA: pieso¢natd pdda, vegetacia, vodoodpudivost, hydrofyzikilne parametre, pridenie

vody.
Introduction

Plants and biological soil crust (= aliving
groundcover, resulting from an intimate association
between soil particles and cyanobacteria, algae,
microfungi, lichens, mosses and liverworts) can
influence the hydrophysical parameters and water
flow in soils considerably, mainly due to soil water
repellency (e.g., Dekker and Ritsema, 1994; Buczko
et al., 2006; Wessolek et al., 2009; Wine et al.,
2012). Very large infiltration rates (up to 300 mm
h™"), found in sandy vegetation-less areas (Yair,
2003), can decrease significantly if biological soil
crust (BSC), grasses, herbs or coniferous trees are
present. Decreased infiltration rates can be caused
by the clogging of soil pores by microbially pro-
duced polysaccharides, the inherent water-repellent
properties of some crusts, and surface-sealing pro-
cesses (Doerr et al., 2000). Sealing is caused by the
combined swelling of microorganisms (e.g. cyano-
bacterial filaments and gelatinous lichens have the
capacity to absorb ten times or more their volume
in water) and soil fine particles when wetted
(Belnap and Lange, 2003). Moreover, coniferous
trees produce waxes and resins that are hydropho-

bic, in addition to supporting microbial communi-
ties dominated by fungi (Nash, 2008).

Soil water repellency, caused by organic com-
pounds derived from living or decomposing plants
or microorganisms (Doerr et al., 2000; Hallett,
2007; Goebel et al., 2011), is a transient soil prop-
erty, which tends to be both spatially and temporal-
ly highly variable. It often disappears after periods
of prolonged soil wetting, but will usually re-
emerge during drier periods when soil moisture
falls below a critical threshold (Dekker et al., 2001).
Reestablishment of water repellency may be asso-
ciated with the energy input during heating or a
new input of hydrophobic substances (Doerr and
Thomas, 2000).Water repellency can be alleviated
by wetting agents (4damlid et al., 2009; Moore et al.,
2010) and addition of kaolinite clays (Lichner et al.,
2006). It was found that slight reductions in soil
water content could cause substantial reductions in
soil wettability (Czachor et al., 2010). As a result,
heavy rains following long dry and hot spells can
lead to surface runoff, soil erosion and worsening
water quality (Pekdrovd et al., 2009; Onderka et al.,
2012; Pavelkova et al., 2012). Some other conse-
quences of soil water repellency are reduction in
wetting rates of dry soils and plant available water,
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induction of preferential flow resulting in irregular
moisture patterns, patchy growth of plants, and
increase in solute transport through destined flow
channels or fingers (Wessolek et al., 2008). Dye
tracer technique is convenient to distinguish a dif-
ferent nature of preferential flow from the staining
patterns within the vertical and horizontal field
scale sections (Lipsius and Mooney, 2006; Mooney
and Morris, 2008; Kodesova et al., 2012). Transport
of microorganisms in sand or sandy soil can be
simulated using HYDRUS-1D (Kodesovad et al.,
2011).

Actual water repellency of dune/aeolian sand,
defined as water repellency of field-moist sand
(Dekker and Ritsema, 1994), is not restricted to the
dune surface, but it can be detected in deeper
depths (up to 60 cm, as presented in Dekker et al.,
2000). Both the water flow paths and intermediate
dry soil persist over time during summer, but over
annual cycles their spatial arrangements can change
completely (Wessolek et al., 2009).

The objective of this study was to quantify the
influence of vegetation on hydrophysical parame-
ters and heterogeneity of water flow in a sandy soil
emerging during a simulated heavy rain following a
long hot and dry period. We expected that the
changes in hydrophysical parameters and heteroge-
neity of water flow have the same trend as the pro-
cess of succession.

Material and methods
Study site

The study site called “Mlaky I11”(48°37°10°" N,
16°59°50°" E) is located at Sekule village in the
Borska nizina lowland of southwest Slovakia (Fig.
1). Its area is about 1000 km? and 41% of it is cov-
ered by aeolian sand dunes. The region is in a tran-
sition zone between temperate oceanic and conti-
nental climates. The mean annual temperature is
9°C. The mean annual precipitation is 550 mm and
it is mainly summer-dominant. The climate in
summer tends to consist of long hot and dry spells
interspersed with intense rainfalls, as a result of
climate change (Fasko et al., 2008).

Three sub-sites, situated at the area of about 50
m x 50 m, formed the basis of our study. The first
sub-site was located at the pine-forest glade cov-
ered with BSC and represented the initial stage of
succession (Fig. 2a). The second sub-site was locat-
ed at the synanthropized grassland dominated by
grasses (Calamagrostis epigejos, Agrostis tenuis),

and represented more advanced stage of succession
(Fig. 2b). The third sub-site was located at the pine
forest with 30-year old Scots pines (Pinus syl-
vestris), and represented advanced stage of succes-
sion (Fig. 2¢). Climax is represented by oak-pine
forests here, which are replaced by pine monocul-
tures nowadays. The sandy soil at the surface was
compared to soil sampled at the pine-forest glade at
50 cm depth, which served as a control because it
had a similar texture but limited impact of vegeta-
tion or organic matter. The soil at the glade sub-site
supported a sparse cover of mosses (Dicranum
polysetum, Ditrichum heteromallum, Hypnum cu-
pressiforme,  Polytrichastrum  fumosum, Poly-
trichum piliferum) and lichens (Cladonia sp.), and
occasionally, grasses (Corynephorus canescens)
(Somsdk et al., 2004). Some areas in the glade had
exposed bare soil, where the components of BSC
are present, but invisible. The soil microscopic
fungi Alternaria alternata, Aspergillus fisheri, A.
glaucus, A. niger, Aureobasidium pullulans, Chae-
tomium globosum, Humicola fuscoatra, Mortierella
sp., Mycelia sterilia, Paecilomyces sp., Penicillium
aspergilloides, P. janthinellum, P. decumbens, and
Trichoderma koningii (Lichner et al., 2007), cyano-
bacteria Leptolyngbya sp., and algae Bracteacoccus
sp., Choricystis minor, Eustigmatos cf. polyphem,
Interfilum sp., Klebsormidium sp. div., My-
chonastes zofingiensis, Stichococcus bacillaris,
Tribonema minus, Zygogonium ericetorum (Lichner
et al., 2012) have been recorded at the studied site.
The above-mentioned components of BSC are pre-
sent at all the three sub-sites, but the dominant im-
pact on soil hydrophysical properties have grass
and herbs at the grassland sub-site and pines at the
forest sub-site. Soil of the experimental sub-sites is
formed by aeolian sand, and it is classified as a
Regosol (WRB, 2006) and has a sandy texture (Soi/
Survey Division Staff, 1993). The mineralogy of the
aeolian sand was primarily siliceous sand (silica
content up to 90%), with a low content of primary
minerals (spars and micas) (Kalivodovd et al.,
2002). Physical and chemical properties of the soil
samples are presented in Tab. 1.

Field methods

The persistence of water repellency was mea-
sured by means of the water drop penetration time
(WDPT) test. The WDPT test measures how long
the hydrophobicity persists on a porous surface. It
relates to the hydrological implications of hydro-
phobicity because the amount of surface runoff is
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affected by the time required for the infiltration of
droplets (Doerr, 1998). In this study, 58 + 5 pL
drops of distilled water from a medicinal dropper
were placed onto the soil surface and the time re-
quired for infiltration was recorded. A standard
droplet release height of approximately 10 mm
above the soil surface was used to minimise the
cratering effect on the soil surface.

Czech Republic

Study site

Vienna
L ]

Bratislava

® Budapest

Fig. 1. Location of the study site “Mlaky II”; the black areas
represent location of aeolian sand dunes in the Borska nizina
lowland (adapted after Kalivodova et al., 2002).

Field measurements of the cumulative infiltration
vs. time relationships were performed using a
minidisk infiltrometer (4.5 cm in diameter) under a
negative tension Ay = —2 cm. Prior to the measure-
ments, the litter layer was removed gently to pre-
vent disturbance of the mineral soil.

The sorptivity S(h) was estimated from the first
term of the Philip infiltration equation (Philip,
1957):

S(ho) =1/ " M

Eq. (1) was used to calculate the sorptivity of both
water, S,(—2 cm), and ethanol, S,(—2 cm), from the
cumulative infiltration vs. time relationships taken
with the minidisk infiltrometer during early-time
(<180 s) infiltration of water and ethanol, respec-
tively.

Zhang (1997) proposed to use the first two terms
of the Philip infiltration equation to fit the cumula-
tive infiltration vs. time relationship and estimate
the hydraulic conductivity k(A):

k(ho) = C»/A, (2)

where A4 is a dimensionless coefficient. Eq. (2) was
used to estimate the hydraulic conductivity k(-2
cm) in this study, using 4 = 1.8 for sandy soil and
suction Ay = —2 c¢m from the Minidisk Infiltrometer
User’s Manual (Decagon, 2007).

a)

b)

Fig. 2. Photographs of (a) pine-forest glade surface covered by
a biological soil crust with sparse tussocks of grass Corynepho-
rus canescens, (b) grassland surface dominated by grasses
(Calamagrostis epigejos, Agrostis tenuis), and (c) forest sub-
site with 30-year old Scots pines (Pinus sylvestris). (Colour
version of the figure can be found in the web version of this
article.)
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Table 1. Physical and chemical properties of the studied soils from site Mlaky II taken under different vegetation cover.

Sub-site Depth Sand Silt Clay CaCO;, C pH(H,0) pH(KCI)
[cm] [“0] [%0] [%] [%] [%]

Pure sand 50-55 94.9 1.7 3.4 <0.05 0.03 5.54 4.20

Grassland 0-5 91.3 2.8 5.9 <0.05 0.99 5.14 391

Glade 0-5 94.2 0.8 5.0 <0.05 0.11 5.52 3.96

Pine forest 0-1 95.1 2.3 2.6 <0.05 0.83 5.65 4.39

The index of water repellency R was calculated
from (Hallett et al., 2001):

R =1.95S,(-2 cm) / S,(-2 cm). 3)

Infiltration measurements in the field under a
small positive pressure head 4o = 4 cm were also
performed repeatedly at all the sub-sites using a
double-ring infiltrometer with an inner-ring diame-
ter of 24.5 cm, buffer ring diameter of 34.5 cm, and
height of 23.5 cm. Fitting the cumulative infiltra-
tion vs. time relationship with the two-term Philip
infiltration equation:

1=~ St +mK,t

4)

with m = 0.667 being the most frequently used val-
ue (Kutilek and Nielsen, 1994), was used to esti-
mate the saturated hydraulic conductivity K; in this
study.

The dye tracer experiments were carried out at
three 100 cm x 100 cm plots (demarcated at the
forest, glade, and grassland sub-sites) and one 50
cm x 100 cm plot (demarcated in pure sand sub-
site) in the way similar to that described by Bach-
mair et al. (2009) and Kramers et al. (2009). The
tracer (Brilliant Blue FCF with a concentration 10 g
L") was used to observe the pattern of water flow
in the soil. A water amount of 100 mm was applied
by a sprinkler consisting of a board supporting
1600 needles with a diameter of 0.5 mm (Homoldk
et al., 2010) at the forest and glade sub-sites. An
amount of 50 mm water was applied manually with
a watering can at the pure sand sub-site and 20 mm
and 70 mm water at two smaller subplots (50 cm x
100 cm) of the grassland plot. Thirty minutes after
sprinkling, vertical sections were excavated 10 cm
apart and their clean soil profiles photographed
with a digital camera. The photographs have been
digitally corrected and georeferenced using stand-
ard GIS software. Detailed information of the plots,
meteorological data and dye tracer techniques were
published by Homoldk et al. (2009) and Lichner et
al. (2011). The amounts and intensities of water
applied were choosen to be big enough for subsur-
face flow and aquifer recharge as short thunder-

storms (10 min) or low intensity rains contribute to
water resources at the plant level (transpiration)
only (Cammeraat et al., 2010).

To assess the results of dye tracer experiments,
the ECS approach presented in Tdumer et al. (2006)
was modified (Lichner et al., 2011). The fraction of
total water content change was determined from the
stained area. The picture of each vertical section
was divided into 10 vertical bands with a width of
10 cm, and the numbers »; of stained 5 cm x 5 cm
pixels were calculated in each band j. It was sup-
posed that the water content change in the band is
proportional to the number of stained pixels. The
number of stained pixels is not an integer if the
whole area of pixels is not stained. The fraction of
total water content change f; (the ratio between the
water content change in band j and the total water
content change in the vertical profile) for each band
was calculated using

10
with X f] =1 (5)

f.=n./
VA =

10

Xn,
=7
The fractions f; were ranked in descending order

and presented against the fraction of cross-sectional
area (11 dots in Fig. 3b). A beta distribution

o By LOHB) (1) -1
p(x,a,ﬂ)—r(a)r(ﬂ)x (I-x)

(x>0,8>0,0<x<1) (6)

(where I' is the Gamma function (or Euler’s integral
of the second kind) and o and f are the parameters)
was fitted to the data and the Levenberg-Marquardt
algorithm was used to optimize the parameters a
and f. According to the definition in Tdumer et al.
(2006), the effective cross section, ECS was then
estimated as the fraction of the total area that corre-
sponds to the 90% of water content change in verti-
cal section (Fig. 3b). ECS equals to 0.9 for piston
flow, and it decreases with an increase in the im-
pact of preferential flow in the soil.
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Fig. 3. Estimation of effective cross section (ECS) and degree of preferential flow (DPF) from the image of a vertical section of
dyed soil, taken in the grassland soil at the distance of 30 cm from the front edge during the 2010 tracer experiment; (a) The image
of the vertical section with 10 cm (red lines) and 5 cm (blue lines) grids used for an estimation of the fractions of total water content
change against the fractions of total cross-sectional area; (b) The plot of the cumulative water content changes against the cumula-
tive cross-sectional area (black dots), with ECS estimated as the fraction of the total cross-sectional area that corresponds to the
90% of total water content change, and DPF presented as the shaded area between beta-function fitted to the data and straight line
representing the piston flow. (Colour version of the figure can be found in the web version of this article.)

The degree of preferential flow, DPF, equal to
the area between the beta distribution curve and the
1:1 line (the line represents the distribution of frac-
tion of total water content change vs. fraction of
cross-sectional area for a piston flow), was also
used to quantify the heterogeneity of water flow in
soil (Fig. 3b). The DPF was calculated from

DPF = } p(xa.B)x—0.5. (7

x=0

DPF increases with an increase of the impact of
preferential flow in the soil from 0 for piston flow
to almost 0.5 for the case when all the flow in the
soil is realized through a narrow preferential path
(e.g., a crack in heavy clay soil).

The differences in all the parameters measured
and calculated for the pure sand, glade, forest and
grassland plots were tested using the one-way Ano-
va statistics. The normal distribution and homoge-
neity in variance was assumed and the significance
of the differences was tested at P = 0.05. If the
above assumptions were not fulfilled, the alterna-
tive non-parametric one-way analysis (the Kruskal—
Wallis method) was used to test the statistical sig-
nificance of the differences among the sub-sites.

Results and discussion

The hydrophysical parameters of the sub-sites
with different vegetation cover are presented in
Tab. 2. The mean values of WDPT in the grassland,
glade, and forest soils were about 350-, 950-, and
1600-times higher than that of the pure sand, re-
spectively, and they revealed statistically signifi-
cant differences between the pure sand and sandy
soil under the mentioned vegetation. The mean
values of the index of water repellency in the grass-
land, glade, and forest soils were 10-, 34-, and 123-
times higher than that of the pure sand, respective-
ly, and they revealed statistically significant differ-
ences between the pure sand and sandy soil under
mentioned vegetation. It can be seen that the hy-
drophobic waxes from pine needles can be the
cause of more severe repellency than the thatch (the
layer of organic matter between the mineral soil
and the green grass) and mucilages of grasses or
mucilages of BSC.

The mean values of water sorptivity in the grass-
land, glade, and forest soils were 7%, 10%, and 2%
of that of the pure sand, respectively. These values
for grassland and glade soils differed significantly
from both that of pure sand and that of forest soil.
The mean values of hydraulic conductivity in the
grassland, glade, and forest soils were 5%, 7%, and
1% of that of the pure sand, respectively. These
values for grassland and glade soils differed signifi-
cantly from those of the pure sand and forest soil. It
means that the highest value of both the persistence
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(WDPT) and index of water repellency in the forest
soil resulted in the lowest value of water sorptivity

and hydraulic conductivity. The statistical relation-

Table 2. Mean value (MV) and standard error (SE) of the water drop penetration time (WDPT), water repellency index R, sorp-
tivity S,, (2 cm) for water and S, (-2 cm) for ethanol, hydraulic conductivity k£ (-2 cm) and saturated hydraulic conductivity K,
effective cross section (ECS), and degree of preferential flow (DPF) of the studied soils from site Mlaky II taken under different

vegetation cover.

Attribute Sub-site
Pure sand Glade Grassland Pine forest

MV SE MV SE MV SE MV SE
WDPT [s] 1? 0 958 ® 705 347° 103 1601 ° 547
R[] 0.816° 0.166 27.9° 15.1 8.42° 274 100.5° 36.9
S, [-2 cm] [mm s 7.60° 0.982 0.788°  0.282 0.530° 0.130 0.185°¢ 0.0623
S, [-2 cm] [mm s 2.67° 0.292 3.53° 0.680 1.15° 0.824 2.26° 0.425
k[-2 cm] [mm s] 0.478 ° 0.0723  0.0314° 0.0122  0.0258° 0.0100 0.00460°  0.00197
K,[mm s] 0.523° 0.0484  0.162°  0.0127  0.0856° 0.00706 0.134° 0.0204
ECS [m* m?] 0.869°  0.00780  0.819°  0.0200 0.795° 0.0204 0.805° 0.0183
DPF [-] 0.0364°  0.00592  0.0701° 0.0142  0.0996° 0.0151 0.0777° 0.0124

Different superscript letters within a row indicate a significant difference at P < 0.05

ships between either the water sorptivity, hydraulic
conductivity or saturated hydraulic conductivity
versus either WDPT or water repellency index were
presented in Lichner et al. (2010).

The sandy soil in our study site had a very low
percentage of fine material (3—6% clay; Tab. 1),
making it structurally poor in the surface horizon
where the macroporosity status is also likely low.
Low levels of poorly aggregated silts and clays
could also block the matrix pores, restricting water
flow (Eldridge et al., 2002). Morris et al. (2008)
found that Brilliant Blue FCF is sorbed mainly by
the clay fraction of soils, however, the low percent-
age of clay was enough for staining the preferential
paths in studied soils.

The mean values of ethanol sorptivity in the
grassland, glade, and forest soils were 43%, 132%,
and 85% of that of the pure sand, respectively. This
value for grassland soil differed significantly from
those of forest and glade soils, as well as pure sand.
The lowest value of ethanol sorptivity in the grass-
land soil in comparison with other studied soils was
probably due to the higher content of fine-grained
(silt and clay) particles in the grassland soil (cf.
Tab. 1).

The mean values of saturated hydraulic conduc-
tivity in the grassland, glade, and forest soils were
16%, 31%, and 25% of that of the pure sand, re-
spectively. These values for forest and glade soils
differed significantly from those of pure sand and
grassland soil. The lowest value of saturated hy-
draulic conductivity in the grassland soil in compar-
ison with glade and forest soils was probably due to
the higher content of fine-grained (silt and clay)
particles in the grassland soil (cf. Tab. 1). This is

consistent with findings of Ravi et al. (2007) that
silt and clay content in sand dunes is negatively
correlated with infiltration rates.

The mean values of the effective cross section in
the grassland, glade, and forest soils were 91%,
94%, and 93% of that of the pure sand, respective-
ly, and they revealed statistically significant differ-
ences between the pure sand and sandy soil under
vegetation.

The mean values of the degree of preferential
flow in the grassland, glade, and forest soils were
2.7-, 1.9-, and 2.1-times higher than that of the pure
sand, respectively, and they revealed statistically
significant differences between the pure sand and
sandy soil under the mentioned vegetation.

During dye tracer experiments at grassland,
glade and forest sub-sites, we observed that surface
water pooled into small micro-depressions. The
shape of the wetting front in vertical section ex-
posed e.g. at the grassland sub-site at a distance of
30 cm from the leading edge and after 20 mm of
infiltration (Fig. 3a) was similar to that of the un-
stable fingered flow with air-confined condition
(Wang et al., 2000). Based on the ponded area ob-
served during water application, we attribute the
columnar shape (Morales et al., 2010) of the wet-
ting front to redistribution of applied water on the
surface to a series of micro-catchments, which act-
ed as runon and runoff zones. The columns rarely
showed concentric horizontal sections, most of the
forms were irregular. The plot of the cumulative
water content changes against the cumulative cross-
sectional area (black dots), ECS and DPF for the
above-mentioned vertical section are presented in
Fig. 3b). You can compare this figure with Fig. 4 in
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Lichner et al. (2011), taken in grassland soil at the
distance of 60 cm from the front edge during the
same tracer experiment, and see the impact of dif-
ferent amount of applied water (20 mm in this fig-
ure and 70 mm in that published in Lichner et al.,
2011) on the shape of wetting front. Nevertheless,
the ECS and DPF values were not influenced by the
amount of applied water, and therefore, they both
were evaluated statistically (mean values and
standard errors in Tab. 2) as one set.

(z/-sww) "s

0 20 40 60 80 100

Distance (cm)

Fig. 4. Measurements of k(-2 cm) and S, (-2 cm), taken in a
100-cm transect demarcated in the pure sand area.

On the other hand, the wetting front in pure sand
area exhibited a form typical of that for stable flow
with “air-draining” condition, when the soil air is
allowed free to drain from ahead of the wetting
front through an air exit at the bottom (Wang et al.,
2000). A lack of preferential flow is confirmed by
the magnitude of the effective cross section which
ranged from 0.839 to 0.882, and the degree of pref-
erential flow which ranged from 0.0249 to 0.0574
(Lichner et al., 2011). This shape of the wetting
front (cf. Fig. 2a) in Lichner et al., 2011) can be
expected in vegetation covered sub-sites in spring,
when soil water repellency is alleviated substan-
tially.

Variability in hydrophysical parameters could re-
sult partly from inherent properties of acolian sands
not influenced by plant/crust cover. Measurements
of S,(-2 cm) and k(-2 cm) taken in a 100-cm tran-
sect demarcated in the pure sand area (Fig. 4) re-
vealed that the water sorptivity and hydraulic con-
ductivity, taken in 10-cm distance, can change with
about an order of magnitude (S,(—2 cm) changed
from 1.72 mm s "% in 80 cm to 9.52 mm s in 90
cm, and k(-2 cm) changed from 33.9 pm s in 80
cm to 559 pm s ' in 90 cm). This variability can be
increased even more by vegetation cover, as it was
presented for centimetre scale in Orfdnus et al.
(2008).

Testing the statistical significance of the differ-
ences among the sub-sites showed three types of
changes in hydrophysical parameters and heteroge-
neity of water flow in an aeolian sandy soil in com-
parison to the process of succession. The mean
values of the persistence (WDPT) and index (R) of
soil water repellency, effective cross section ECS,
and the degree of preferential flow DPF changed in
the order: Pure sand < Glade soil = Grassland soil =
Forest soil, as the differences between glade, grass-
land and forest soils were not statistically signifi-
cant. The mean values of water sorptivity S,(-2
cm) and hydraulic conductivity £(-2 cm) changed
in the order: Pure sand > Glade soil = Grassland
soil > Forest soil, as the differences between glade
and grassland soils were not statistically significant.
The mean values of ethanol sorptivity S.(—2 cm)
changed in the order: Pure sand = Glade soil = For-
est soil > Grassland soil, and their trend was differ-
ent from the process of succession. The mean val-
ues of saturated hydraulic conductivity K; changed
in the order: Pure sand > Glade soil = Forest soil >
Grassland soil, and their trend was different from
the process of succession, too. The lowest values of
both S.(—2 cm) and K in the grassland soil in com-
parison with other studied soils were probably due
to the higher content of fine-grained (silt and clay)
particles in the grassland soil (cf. Tab. 1).

Conclusions

It was found that any type of vegetation cover
studied had a strong influence on hydrophysical
parameters and heterogeneity of water flow in an
aeolian sandy soil during hot and dry spells. The
changes in some hydrophysical parameters (WDPT,
R, k(-2 cm), S,(-2 cm), ECS and DPF) and hetero-
geneity of water flow in an aeolian sandy soil had
the same trend as the process of succession, but it
was not so in the case of K and S,(—2 cm), probably
due to the higher content of smaller soil particles in
grassland soil in comparison with that content at
other sub-sites. The change in soil hydrophysical
parameters due to soil water repellency resulted in
preferential flow in the grassland, glade and forest
soils, while the wetting front in pure sand area ex-
hibited a form typical of that for stable flow. The
latter shape of the wetting front can be expected in
the studied soils in spring, when soil water repel-
lency is alleviated substantially. The columnar
shape of the wetting front, which can be met during
heavy rains following long dry and hot spells, was
attributed to redistribution of applied water on the
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surface to a series of micro-catchments, which act-
ed as runon and runoff zones.
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