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Abstract       This paper deals with comparison of some physical and 
chemical properties of wettable and water repellent surface horizons of 
cambisols collected in White Carpathians Protected Landscape Area in order 
to better understand the mechanisms of soil water repellency. Repellency 
tests were conducted under laboratory conditions in triplicate using the 
Molarity of an Ethanol Droplet test; a total of 76 measurements were done. 
Results of the test showed that 26% of samples exhibited certain degree of 
water repellency. The relationship between the Molarity of an Ethanol Droplet 
test and selected soil properties was weak, the highest value of coefficient of 
determination was calculated for soil organic carbon (r

2 
= 0.23), suggesting 

there was no good correlation between repellency severity and total carbon 
content. A negative relationship was found between repellency and soil 
particles smaller than 0.05 mm in size. No repellency occurred on soils that 
were tilled.   
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Soil water repellency has been observed in forest soils 

under different climatic conditions, soil types and 

vegetation covers (Doerr et al. 2000). Some soil 

properties are considered a key factor controlling water 

repellency. There is a large quantity of research 

publications that associate soil water repellency with 

the soil organic matter (SOM) content (Lozano et al. 

2013). Although many of them suggest that this 

relationship could be due to the quality of SOM 

(Rumpel et al. 2004, Mataix-Solera et al. 2007), others 

claim that accumulation of sufficient amounts of 

organic matter can induce water repellency in any soil 

(Harper et al. 2000). Soil water repellency is also 

widely thought to be influenced by soil pH, however, 

only few studies have systematically investigated the 

relationship between these variables. Diehl et al. 

(2010) found changes in soil water repellency with soil 

pH to be influenced by the density and type of sites 

able to interact with protons at the available surfaces of 

organic and mineral materials in soil. As pH increased, 

negative surface charge increased due to deprotonation 

of sites and water repellency decreased. The degree to 

which a soil exhibits hydrophobic behavior is also 

related to the portion of sand, silt and clay sized 

particles within the soil. Clay particles may be over one 

thousand times smaller than sand particles and have a 

greater wettable surface area that water will contact. 

They surround the SOM and sand. Water infiltration is 

therefore generally greater in clay based soils. The 

effectiveness of clays in ameliorating water repellency 

has been the subject of many research papers. Since the 

severity of water repellency is influenced by very small 

changes in clay content, additions of 1-2% clay can 

prevent or overcome water repellency (McKissock et 

al. 2000); in some cases this effect has persisted for 

over 20 years with no further treatment required. 

Ma’shum et al. (1989) found that clays containing 

kaolinite and illite were more effective in reducing 

repellency than clays containing smectite. As already 

mentioned, water repellency does not avoid even 

agricultural environments. Conservative practices as 

mulching and no-tillage increase SOM input in soils 

and contribute to reduce the soil hydrological response 

(García-Moreno et al. 2013). On the other hand, water 

repellency can be reduced through tillage (Elliot 2006). 

 

Materials and Methods 

 
Site description and soil sampling. The concerned area, 

the core of which is formed by orographical unit of 

both the Biele and Bílé Karpaty Mts. is situated on the 

Slovak-Moravian borderland. It is named after its white 

carbonate cliffs, which are actually a continuation of 

the northern part of the Little Carpathians, the 

geological boundary being the Myjava Saddle or 

Brezová Depression (Földvary 1988). The major part 

of the territory lies in a mid-temperate zone with short, 

moderately dry summers and mild winters (mean 

annual precipitation of 550-950 mm). Winter is 

moderately cold, with short-lasting snow cover. 

Besides geographic location, the climate in the area is 

affected mainly by altitude and orographic conditions. 

The southern part is the warmest; a lowland area with 

long-term annual mean temperature of 8.9 °C. The 

western, northwestern and central-northern part of the 
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area is a gently undulating landscape at lower altitudes, 

characterised by a relatively warm and dry climate. The 

mountainous area along the national border (highest 

mountain Velka Javorina, 970 m a.s.l.) has the lowest 

temperatures and the highest precipitation (Otýpková et 

al. 2011). The White Carpathians are dominated by 

deciduous forests predominating by beech. The 

southern slopes of the mountains at altitudes above 500 

a.s.l. are covered mainly by oak-hornbeam forests. 

From the northwest, the proportion of conifers 

increases. The area is particularly valuable for its 

species-rich grasslands. Cambisol, known as the brown 

soil, is the prevailing soil type of the area and occupies 

more than 50% of the total area; almost 80% of 

cambisols are covered with forests and grasslands. 

Cambisols are soils at an incipient stage of soil 

formation with an A-horizon characterized by weak 

accumulation of organic matter overlying a cambic B-

horizon. There is generally the brownish discoloration 

below the surface horizon, to mark the beginning of 

pedogenesis.

 

 
 

Fig. 1. The map of the area of interest with soil pits localization, White Carpathians, Slovakia 
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Analyses of chemical and physical soil properties. 

Samples were air-dried at room temperature to constant 

weight and passed through a 2 mm sieve before 

analysis. Soil organic carbon content was determined 

using the rapid dichromate oxidation method (Walkley 

and Black 1934). The pipet method, based on the 

‚Stokes‘ sedimentation rates, was used to measure the 

percentage of sand, silt and clay in each soil sample. 

The soil textural class was determined using the 

USDA-FAO texture triangle (FAO 2006). Soil pH was 

measured potentiometrically in deionized water with 

a soil:solution ratio of 1:2.5; CaCO3 content using 

a Janko´s calcimeter (Fiala et al. 1999). 

Soil water repellency. The severity of water repellency 

was assessed by the Molarity of an Ethanol Droplet 

test, under laboratory conditions. The test quantifies 

water repellency as the lowest ethanol concentration 

permitting droplet penetration within 3 s, or 

alternatively, the 90° liquid surface tension of the 

infiltrating droplet (γND). There were seven repellency 

classes categorized according to the test (ethanol %): 0 

- very hydrophilic, 0-3 hydrophilic, 3-5 slightly water 

repellent, 5-8.5 moderately water repellent, 8.5-13 

strongly water repellent, 13-24 very strongly water 

repellent, > 24 extremely water repellent soil (Doerr 

1998). The highest ethanol concentration used was 

23%. The samples were air-dried, since according to 

King (1981) and Roy and McGill (2002) the Molarity 

of an Ethanol Droplet test and ethanol percentage tests 

at soil moisture contents higher than air dry do not 

provide reliable results on the assessment of soil water 

repellency. 

Statistical assessment. Parameters of descriptive 

statistics (mean, median, standard deviation, mean 

deviation, coefficient of variation) were calculated 

considering a complete data set (76 cases). Coefficients 

of determination and significance level were calculated 

for couples of measured soil properties using software 

Statistica ver. 7.0. Since soil organic carbon content, 

soil textural composition and soil reaction were among 

properties reported as partaking in soil wettability 

(Doerr et al. 2006, Bayer and Schaumann 2007), the 

regression analysis was performed using these 

particular variables as possible predictors of water 

repellency.

 

 

Table 1 

Descriptive statistics of measured soil properties concerning a whole set of 76 samples 

 mean median s.d. m.d. c.v. range min. max. 

SOC (%) 4.00 3.59 2.76 1.78 0.69 18.85 0.91 19.76 

sand (%) 47.22 48.96 13.20 11.35 0.28 54.68 19.24 73.92 

silt (%) 37.62 38.60 9.56 7.79 0.25 44.72 18.28 63.00 

clay (%) 15.16 14.94 7.76 6.09 0.51 32.12 4.24 36.36 

silt+clay (%) 52.78 51.04 13.20 11.35 0.25 54.68 26.00 80.76 

pH 5.46 5.26 1.04 0.89 0.19 4.42 3.40 7.88 

MED (%) 1.80 0.00 4.49 2.73 2.49 23.00 0.00 23.00 

s.d. - standard deviation; m.d. - mean deviation; c.v. - coefficient of variation, SOC - soil organic carbon, MED - 

Molarity of an Ethanol Droplet test 

 

Results and Discussions 

 
The tested set of soils contained 56 very hydrophilic 

samples, 8 hydrophilic samples exhibiting signs of 

water repellency, 4 slightly water repellent, 3 

moderately water repellent, 2 strongly water repellent, 

and 3 very strongly water repellent samples. There was 

no extremely water repellent sample.  Descriptive 

statistics for the whole set of 76 samples are presented 

in Table 1. 

Both repellency and wettability vary with soil type and 

with state variables such as organic matter and clay 

contents, soil pH values, and others (Letey et al. 1975). 

Wettable soils were present in all categories with 

varying soil organic carbon content (Figure 2a). The 

lowest soil organic carbon content at which repellency 

occurred was 2.97%. There were 11 water repellent 

samples between soils with organic carbon content > 

5.30%. Although water repellency generally increases 

in severity with increasing organic matter content 

(Harper et al. 2000), no direct relationship between 

total soil organic carbon content and severity of water 

repellency was observed. The highest organic carbon 

content in water repellent soils was 19.76% 

(ha CM ca), in wettable soils 11.16% (CM eu). 10 

samples were carbonated. However, CaCO3 contents 

were very low, ranged from 0 to 0.75%. None of water 

repellent cambisol samples contained CaCO3. pH/H2O 

ranged from 3.46 (very strongly acid soils) to 7.88 

(slightly alkaline soils). 84% of cambisols were 

categorized as slightly - strongly acid (Figure 2b). 

There were no wettable samples below pH of 4.07. The 

lowest pH values (3.46 and 3.61) belonged to very 

strongly water repellent samples. Repellency 

manifested itself most in the pH ranging from 4.43 to 

5.16. There were only two water repellent samples 

above pH 5.18. 
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Fig. 2a-d. Portions of wettable and water repellent topsoil samples collected in White Carpathian Mts. in particular soil 

organic carbon (SOC) content, soil pH/H2O, sand and silt + clay content categories; SOC content categories according 

to Jones et al. (2005), soil pH categories according to Čurlík et al. (2003), ethanol (%) categories according to Doerr 

(1998), n = number of samples 

 

According to the parent material, these soils can be 

sandy-loamy to clayey, with different gravel content. 

In this case, texture of the fine earth fraction ranged 

from sandy loam (39%, 14 water repellent samples), 

loam (41%), silt loam (11%), sandy clay loam (2%), to 

clay loam (7%). The interval of sand fraction content 

varied between 19 and 74%. There were no water 

repellent samples below the sand content of 38%. In 

soils with the sand content >40%, the ratio between 

water repellent and wettable soils was 1:1.7. All very 

strongly water repellent samples were in the last sand 

fraction category (Figure 2c). Noteworthy is that three 

very strongly water repellent samples (ha CM) had very 

similar sand (60.7-67.9%) and silt contents (23.5 -

24.5%). Measured clay contents ranged from 4 to 36%. 

All water repellent soils had clay contents of less than 

17%. The most water repellent sample (ha CM) 

contained 14.8% of clay. Wettable samples were 

present in each sand (Figure 2c) and silt + clay (Figure 

2d) content category. 

The strength of the relationship between Molarity of an 

Ethanol Droplet test and selected soil properties is very 

low, as can be seen from Figure 3. The highest 

coefficient of determination (r
2
) was calculated for soil 

organic carbon content, however its value was only 

0.23. Despite the weak correlation, the significance of 

each relationship evaluated by the p-level is very high, 

with p value lower then 0.01 for pH, sand and silt+clay 

soil fraction; and below 0.001 for soil organic carbon 

content.
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Fig. 3. Relationship between Molarity of an Ethanol Droplet test (MED) and selected soil properties (a, soil organic 

carbon (SOC); b, pH; c, sand soil fraction; d, clay + silt soil fraction) with calculated coefficient of determination and 

significance level of correlation; (N = 76) 

 

Soil water repellency is often associated to landuse and 

vegetation types. In the area of interest, a wide range of 

repellency classes (very hydrophilic to extremely water 

repellent soils) has been found in soils under forests, 

while inexistent water repellency has been observed in 

soils under grass cover and cultivated soils. Although 

soil water repellency has been recognized as norm in 

agricultural soils rather than an exception (Kostka et al. 

2008), the use of fertilizers may affect soil wettability. 

Fertilizers use many types of surfactants to lower the 

surface tension of liquids or of a liquid and a solid, i.e. 

they act as the wetting agents. Besides, tested 

agricultural soils (16 samples) contained 0.07 % 

CaCO3 (in average) and a substantial portion of 

humified organic matter, and their textural composition 

was classified as loam or varieties of loam, according 

to FAO. It is highly probable that all factors mentioned 

give a predisposition to these soils to show wettable 

character rather than water repellent.  

Furthermore, none of the soils under grasslands 

showed signs of water repellency, which contradicts 

some studies, in which the occurrence of soil water 

repellency has been associated with grasslands (e.g. 

Richardson and Hole 1978, Pereira and Novara 2014). 

Hence it follows, that besides particular land-use 

category there are more factors that have to be 

considered. In case of this study, the properties of soils 

under grasslands (13 samples) were relatively similar 

to those of agricultural ones; loamy texture, slightly 

acid soil reaction, same content of CaCO3 (0.07 % in 

average). We can therefore assume that some of the 

recent grasslands were in fact subjected to cultivation 

in the past.  

On the other hand, the soil organic carbon content was 

slightly higher (2.52 %) in grassland soils in 

comparison with tilled ones (1.96 %). This might be an 

impact of agricultural activity, since long-term soil 

disturbance by tillage is believed to be one of the major 

factors reducing soil organic carbon content in 

agriculture (Baker et al. 2007). Furthermore, some 

grasslands in the area are used as pastures. This may 

contribute to improved soil wettability since it was 

showed that moderate grazing has positive effect on 

soil properties (Li et al. 2011). 

 

Conclusions 

 
The severity of water repellency of 76 cambisol 

samples was estimated using simple and rapid Molarity 

of an Ethanol Droplet test; 74% were found completely 

wettable. Prevailing soil type was haplic Cambisol. All 

water repellent samples were not carbonated. Despite 

of the general assumption that water repellency of 

topsoil material is controlled by organic carbon 
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contents, soil texture and soil reaction, our results 

showed only weak correlation between repellency and 

observed parameters. Regarding the content of fraction 

< 0.05 mm, a negative relationship was found between 

repellency and either the clay, silt or clay + silt 

component of the soils. Although soil water repellency 

is widespread and frequently affects also land used for 

agriculture, all samples taken from agricultural soils for 

the purposes of this work were found wettable. This 

confirms that tillage may contribute to the increase in 

soil wettability. For instance, forest soils were more 

likely to become water repellent in comparison to 

agricultural ones, the reason for such behavior could be 

a change in soil organic matter quality along with the 

use of fertilizers. 
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