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The aim of the paper is to present and evaluate the measured values of saturated hydraulic conductivity of organic soil 

horizons under deciduous forest at the examined locality Zelezna studienka. For determination of saturated hydraulic 

conductivity the single ring method, the falling head method and Guelph infiltrometer were used. The organic matters of 

forest floor come from dead plant material at various degrees of decomposition and aggregation and significantly influence 

the initiation processes of infiltration and outflow. The organic soil horizons of forest floor have extremely high porosity, 

very low bulk density, peculiar texture and structure, are changed according to the degree of mechanical and biochemical 

decomposition. The average values of saturated hydraulic conductivity were measured in the range from 153.39 cm h-1 

for the falling head method up to 392.1 cm h-1 for the single ring method. 
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Introduction 

 

The saturated hydraulic conductivity (Ks) is a quanti-

tative characteristic of the ability to transfer water in 

a water saturated soil or other porous medium. It is 

a constant for a certain soil, but its value is different for 

different soils. This value depends mainly on the struc-

ture and texture of the soil. Hydraulic conductivity mea-

surements are significantly influenced by the hetero-

geneity of the soil composition. The rate of water flow 

through the soil is strongly influenced by the presence of 

preferred soil paths through which the water flows faster 

as through the soil matrix. The value of saturated 

hydraulic conductivity is most influenced by the presence 

of preferred soil paths. The Ks value measured in soil that 

does not contain preferred soil paths directly charac-

terizes the hydraulic conductivity of the matrix. Under 

natural conditions, the occurrence of preferred soil paths 

is frequent and natural, and therefore in many cases 

the measured Ks value characterizes the conductivity of 

the preferred soil paths rather than the conductivity of 

the matrix (Stekauerova et al., 2010). Most natural soils 

are neither homogeneous nor isotropic nor equally 

conductive in all directions. The soils are spatially 

variable natural units, which is caused by their genesis. 

Each soil type is characterized by a characteristic soil 

profile, thickness and development of its individual 

horizons. Among the other factors influencing the values 

of hydraulic conductivity in the forest floor are two very 

important characteristics: the vegetation cover and 

the pedogenic substrates resp. the maternal rocks from 

which the soil cover was evolved (Orfanus et al., 2018). 

Significantly, saturated hydraulic conductivity is higher 

in the organic horizon of forest floor, indicating that soil 

water fluxes are enhanced by natural vegetation cover 

(Pavao et al., 2019; Feng et al., 2019; Gonzales-Sosa et 

al., 2010).  

The differences in the mother substrate, but also in vege-

tation on the surface of the soil, influence the existence 

of spatial variability of the soil, even at habitats relatively 

remote from each other. For this reason, the hydro-

physical characteristics are also variable from one 

sampling point to another one (Hendrayanto et al., 2000). 

The spatial variability of hydraulic conductivity is 

manifested in both horizontal and vertical directions. 

The higher values of hydraulic conductivity in the ver-

tical direction than in the horizontal direction is reflected 

in the structural soils, horizontal conductivity is observed 

in layers and oppressed soils (e.g. forest roads) (Surda et 

al., 2013). In addition to the mentioned spatial and 

temporal variability, in the case of hydraulic conduc-

tivity, there is a very high variability of values due to 

the methods used for its measurement and calculation, as 

stated Fodor et al., 2011, who found out on the scale of 

research areas (10 m2) methodological variability of 

hydraulic conductivity which was equals or exceeds 

spatial variability. This implies a difficult interpretability 

and comparability of the determined hydraulic conduc-

tivities between different studies as well as in relation to 

the ongoing process  of infiltration and  redistribution of 
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rainwater in the soil profile. 

Forest soil is a complex dynamic natural formation, 

constantly evolving and changing. Developed and thus 

optimally structured forest soils have a high organic 

content and a developed network of soil macropores as 

a result of decomposition of dead plant and animal 

residues and activity of soil fauna. The presence of forest 

litter can alter the quantities of water available for soil 

infiltration and runoff (Guevara-Escobar et al., 2007). 

Undisturbed forest soils have high infiltration capacity, 

reduce surface runoff, risk of erosion and retain moisture 

needed for vegetation (Alaoui et al., 2011). 

The aim of the paper is to present the results of measu-

rements of saturated hydraulic conductivity by various 

field methods in the forest floor of deciduous forest. 

Interpretation of these results should contribute to 

the explanation of the impact of organic horizon of forest 

floor on partial hydrological processes in forested river 

basins. As despite their frequent occurrence there are 

very few hydrological studies considering hydrophysical 

properties of forest floor predominantly created by plant 

litter, naturally stratified by varying degrees of mecha-

nical and biochemical degradation. 

 

Material and methods 

 

The research site of the forest floor was Zelezna 

studienka in Bratislava with a species-mixed deciduous 

forest. The research locality is part of the Bratislava 

Forest Park at the end of Mlynska dolina in the Male 

Karpaty Mountains. The coordinates of the research site 

are 48° 11' 21" northern latitude and 17° 04' 55" eastern 

longitude. The altitude is 228 m above sea level. The ave-

rage annual temperature of the area is 8–9°C and the ave-

rage rainfall is in the range of 600–700 mm (Lapin et al., 

2002). The measurements of saturated hydraulic conduc-

tivity were carried out in the year 2017.  

On this research site, we found places on a slope with 

a sufficiently deep forest floor below the broadleaf 

(beech, maple, hazel). The measuring research points 

were placed along the way, from the recreational area to 

the rising spring Zelezna studienka, near to pond II. 

The soil cover of the immediate surroundings of these 

sites is made up of Dystric Cambisols, Cambi-Dystric 

Leptosols and Fluvisols near the Vydrica Stream (WRB, 

2014). The Loess clays and sand walls occur locally as 

part of the slope system. The measurement sites were 

chosen to capture the variability of the organic horizons 

of forest floor in terms of their structural composition. 

Three measuring points (1, 2 and 3) were located near 

the rising spring and pond II. (a system of artificial ponds 

on the Vydrica Stream). This place is covered with 

deciduous forest dominated by beech, maple and hazel. 

The soil at these sites is Dystric Cambisols, acidic, loamy 

sand to sandy. Other measuring points (4, 5 and 6) were 

near the recreational facility Zelezna studienka (Fig. 1). 

These measuring points are characterized by a very deep 

forest floor with a very mixed in terms of species of plant 

litter. Due to gravity, the plant litter accumulates here 

faster than decomposition. Below this forest floor there 

is a thick layer organomineral A horizon of an acidic to 

very acidic soil reaction (pH=5.07, determined in H2O) 

reaching up to a depth of 100 cm or more below which is 

the weathered parent rock (granite, pegmatite).  This soil 

we classified as Dystric Cambisols. 

The saturated hydraulic conductivity of forest floor at 

the points described above was determined by three 

methods: by a single ring infiltration method, a falling 

head method and a Guelph infiltrometer.  

At a single ring infiltration method the metal ring of 

the 30 cm diameter and 25 cm height was inserted into 

the soil down to the required depth (to the boundary 

between the forest floor and the A-horizon but not less 

than 7 cm). Perforated circular plate was inserted inside 

the ring, which prevented the forest floor material to be 

washed out during the water application onto the forest 

floor surface (Batkova et al., 2013). The water table 

(ponding) was set to 5 cm. The time intervals, at which 

the water level decreased by 2 cm (from water level of 5 

to 3 cm), were  recorded  repeatedly  until  a steady flow  

 

 

 
 

Fig. 1.  Map of research site Zelezna studienka in Bratislava, Slovakia with marked 

measurement points. 
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was achieved. From the measured values of infiltrated 

water volume V and cumulative time t, the flow of water 

into the soil was calculated under conditions of steady 

state flow Q, which occurs after a longer period of 

infiltration. After insertion the value of depth of the ring 

in the soil d (L) and the radius of ring as to the following 

equation (1), the shape factor G was calculated:  

 

184.0
a

d
316.0G                   (1)

 
 

where 

G – the shape factor [L3 T-1], 

d – the depth of the ring in the soil [L], 

a – the radius of ring [L]. 

 

The saturated hydraulic conductivity Ks (Elrick and 

Reynolds, 1989), was calculated by insertion of Q, G, 

the height of water level in the ring H and α – the texture 

and structure dependent parameter, α=0.36 (the coarse 

and gravely sands; it may also include some highly 

structured soils with large and/or numerous cracks, 

macropores, etc.) into the equation: 
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where  

Ks – the saturated hydraulic conductivity [L3 T-1], 

Q – the steady state flow [L3 T-1], 

G – the shape factor [L3 T-1], 

a  – the radius of ring [L], 

H – the height of water level in the ring [L], 

α – the texture and structure dependent parameter [-]. 

 

The falling head method was used to measure 

the saturated hydraulic conductivity Ks in a laboratory on 

100 cm3 soil samples taken in Kopecky cylinders. 

The different degrees of decomposed organic material 

litter Duff-1 and Duff-2 into the Kopecky cylinder were 

taken. The litter contains the proportion of unchanged, 

resp. a little altered dead uncrushed organic residues. 

Duff-1 is composed from decay organic residues of 

recognizable origin; the content of amorphous matter is 

below 50%. Duff-2 is composed from a biochemically 

degraded organic residues; the content of amorphous 

organic matter is over 50% (Saly et al., 2014). The soil 

samples were taken into Kopecky cylinder, whose inner 

side was coated with vaseline to prevent the wall effect 

on infiltration measurements. The saturation of all 

samples was performed by gradually raising of water 

level in the vessel. The measurement of Ks was realized 

on a device consisting of a Kopecky cylinder with 

a sample of soil on which we tightly attached 

the extension tube in form of Kopecky cylinder. Kopecky 

cylinder was inserted in the Petri dish with water. 

The extension tube was filled with water and the decrease 

of water level in the extension tube was repeatedly 

measured from the water level at the beginning of 

the measurement h2 to the water level at the end of 

the measurement h1. To calculate Ks by applying this 

method the following equation was used: 
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where 

l   −  the height of the sample in the Kopecky cylinder 

[L],    

t   −  the time of the water level decrease from level h2 to 

h1 [T], 

h2 –  the water level at the beginning of the measurement 

[L], 

h1  –  the water level at the end of the measurement [L]. 

 

The saturated hydraulic conductivity of the upper soil 

layer, which consisted mostly of the organic horizon of 

forest floor and partially encroached into the organic-

mineral A-horizon at the selected places, was measured 

by a Guelph infiltrometer. This is an experimental field 

method applying the principle of Marriott vessel which 

was inserted into the borehole with adjustable level of 

pond (Matula et al., 1989). The measured values of 

Ks express the integrally vertical and horizontal hydraulic 

conductivity of saturated soil (Stekauerová et al., 2010). 

The measurements were realized in 6 cm and 11cm deep 

of boreholes for each of the six measurement sites at 

the research locality. The depth of ponding was set to 5 

cm and 10 cm. To calculate the steady water discharge 

(Q) and consequently the Ks, the equations 4–10 were 

used (Elrick and Reynolds, 1992). The parameter α was 

determined according to soil structure and then inserted 

into the equations together with the values of water head 

height H1=5 cm and H2=10 cm and then the shape factors 

C1 and C2 were calculated as follows: 
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where 

C1, C2 –  the shape factor [L3 T-1], 

H1, H2 – the water head height [L], 

α         –  the radius of borehole into soil [L]. 

 

After inserting C1 and C2 into equations (3) and (4), we 

calculate G1 and G2. 
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where 

G1, G2 – the two head, combined reservoir, 

H1, H2 – the water head height [L], 

π         –  the constant (Ludolf´ s number, 3.14), 

α         –  the radius of borehole into soil [L]. 

 

The measurement data of steady flow rate R1 and R2 

obtained from the Guelph infiltrometer were inserted into 

equations Q1 and Q2: 

 
 35.22 RQ 11                    (8) 

 
 35.22 RQ 22                    (9) 

 

where 

Q1          –  the steady state infiltration flow rate [L3 T-1] for 

setting water head height H1, 

Q2          –  the steady state infiltration flow rate [L3 T-1] for 

setting water head height H2, 

R1, R2   – the steady flow rate from the Guelph infiltro-

meter [L T-1]. 

 

The saturated hydraulic conductivity Ks was calculating 

by using Q1, Q2 and G1, G2 (10): 

 

1122s Q GQ GK                  (10) 
 

where 

Ks       –  the saturated hydraulic conductivity [L T-1]. 

 

Results and discussion 

 

The saturated hydraulic conductivity measurements in 

the deciduous forest were performed at Zelezna stu-

dienka (Bratislava) in the Male Karpaty Mountain 

landscape. The measurements were carried out in 

the year 2017. The results of the measurements of Ks 

values of the forest floor under the deciduous vegetation 

at the research sites by a single ring infiltration method, 

a falling head method and by a Guelph infiltrometer, are 

presented in Table 1. 

The graphical expression of Ks values which were found 

at all six measurement points by a single ring infiltration 

method, a falling head method and by a Guelph infiltro-

meter, are presented in Fig. 2. 

The results of the measurements of the saturated 

hydraulic conductivity of the forest floor under the deci-

duous vegetation at the research site by various methods 

can be evaluated as follows: 

At first glance, the forest floor in the deciduous forest 

differs from the coniferous forest. We can see higher 

variability of litter and much released structure of organic 

material, from which we can suppose higher number of 

soil macropores and preferred soil paths. The aggregation 

of litter is very weak. Using a single ring method, 

the values of saturated hydraulic conductivity from 

Ks=53.91 cm h-1 to 1018.73 cm h-1 were observed. This 

indicates a higher variability of forest floor in deciduous 

forest. Using by this method, the average value of Ks of 

392.1 cm h-1 was detected. The results of Ks measure-

ments by using a single ring method for the organic 

horizon of the deciduous forest are given in Table 1.  

The average value of Ks which was measured by 

the falling head method was Ks=153.39 cm h-1. As in 

the coniferous also in the deciduous forest, it has been 

confirmed that the litter had the highest hydraulic con-

ductivity, the lower values had Duff-1 and the lowest 

values of Ks we have measured for the Duf-2 (Zvala et 

al., 2017). For example, for the measurement point 1, 

the saturated hydraulic conductivity values for litter 

Ks=227.48 cm h-1 were found, for Duff-1 Ks=25.89 

cm h- 1, and for Duff-2 Ks=6.49 cm h-1. In the research of 

Duff-2, we determined significantly lower values of 

saturated hydraulic conductivity compared to litter. 

During the measurement it was seen that the leaf structure 

of the litter can fill the inner diameter of the Kopecky 

cylinder and thus prevent the infiltration. We consider 

the falling head method the least suitable for measuring 

the saturated hydraulic conductivity of forest floor in 

deciduous forest. Significant deceleration of the infiltra-

tion of the Duff-2 layer (due to decomposed organic 

matter and water repellency of substances contained in 

the organic horizon), can cause shallow subsurface runoff 

that has natural character and normally does not have 

harmful effects. This component of the runoff causes 

a significant transport (wash) of the organic horizon of 

forest floor during heavy floods, which can be observed 

in the forest after extreme rainfall events In conjunction 

with slope failures (such as forest roads) probably also it 

contributes to the overall acceleration runoff process 

during floods.  

The average value of Ks observed in six measuring points 

by using the Guelph infiltrometer, was Ks=217.8 cm h-1. 

The variability of the texture and structure of the forest 

floor environment influence the measurement results. It 

can be stated that, when we measured the value of 

Ks=20.4 cm h-1, in one case of measurement by 

the Guelph infiltrometer, the litter created a continuous 

compressed layer of leaves, which inhibit water 

infiltration to the forest soil. This phenomenon can even 

cause surface runoff in nature, as reported in the paper 

(Capuliak et al., 2008). The thickness of the litter layer is 

very different and it is exposed to natural conditions of 

wind, rain and accumulation at various places. Large 

differences in the measured results of Ks from Ks=20.4 

cm h-1 to 449.4 cm h-1 are due to the uneven thickness of 

the forest floor, the different composition and degree of 

decomposition of litter in deciduous forest. The organo-

mineral A-horizon also has water repellency in seconds 

to tens of seconds, and the material is not quite rigid 

either. 

The measured average values of saturated hydraulic 

conductivity of the organic forest floor horizon for 

various measurement methods are significantly higher 

compared to values of saturated hydraulic conductivity of 

mineral soils (sandy, loam, clay). For illustration, 

the values of saturated hydraulic conductivity for mineral 

soils with different textures are presented in Table 2. 

The measurement of unsaturated hydraulic conductivity 

using the disk infiltrometer method used in the coniferous 
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forest (Zvala et al., 2017) is suitable for imitating 

the natural weather conditions under rain, with a relati-

vely saturated soil profile but without forming a surface 

deposit. However, the method is quite unsuitable for 

measurements in deciduous litter, since, due to the struc-

ture of the deciduous litter, it is technically impossible to 

ensure surface contact of the infiltration disk with this 

material. 

 

 

Table 1.  The results of measurements of saturated hydraulic conductivity Ks by various 

methods at six measuring points at the research site (Fig. 1) 

Measuring point  Single ring method Falling head method Guelph infiltrometer 

  Ks [cm h-1] Ks [cm h-1] Ks [cm h-1] 

1  53.91 L        227.48 

D1        25.89 

D2          6.49 

211.81 

2  1018.73 L        176.16 

D1             30 

D2          7.06 

180.47 

3  447.19 L        463.86 

D1        53.22 

D2        18.95 

20.40 

4  348.73 L         675.66 

D1       123.07 

D2       104.11 

267.61 

5  179.21 L         178.54 

D1         66.52 

D2           8.03 

177.63 

6*  304.76 L            60.77 449.45 

The average value 

of Ks [cm h-1] 

 392.1 139.12 217.91 

L – Litter, D1 – Duff-1, D2 – Duff-2  

*The layers D1 and D2 at measurement point 6 were not developed at the organic horizon.  

There was already mineral soil under the L–layer. 

 

 

 

 
 

Fig. 2.  Graphical display of saturated hydraulic conductivity Ks values measured by 

different methods (Zelezna studienka, 2017). 
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Table 2.  The characteristic values of saturated hydraulic conductivity Ks for mineral soils with 

different grain composition (Novák and Hlaváčiková, 2016) 

Soil texture    Ks [cm h-1] 

  Sandy soil    4.16 – 20.83 

  Sandy – loam soil   1.25 – 4.16 

  Loam soil    0.42 – 2.08 

  Clay – loam soil    0.21 – 1.25 

   Clay soil     0.01 – 0.42 

 

 

 

Conclusion 

 
The observed values of saturated hydraulic conductivity 

of the forest floor determine important facts in terms of 

studying hydrological processes in forested river basins.  

The measuring by using the falling head method is 

influenced by the large area of the leaf structure, which 

can slow down the saturated hydraulic conductivity 

measured in the Kopecky cylinder. The representati-

veness of the saturated hydraulic conductivity value of 

the 100 cm3 soil sample in the Kopecky cylinder and 

the generalization to the entire organic horizon of forest 

soil is questionable. For the organic horizons we recom-

mend to use rather a method that uses undisturbed 

samples of larger volume. From different measured 

values of hydraulic conductivity by variable hydraulic 

slope for different layers of organic horizon in deciduous 

forest, it can be stated that hydraulic conductivity is not 

the same throughout the organic horizon but decreases 

from top to bottom so how the degree of decomposition 

and aggregation of organic material (litter, Duff-1, 

Duff- 2) increases.  

The measurements of Ks using the single ring method and 

the Guelph infiltrometer, show the high variability of 

the measured values of the saturated hydraulic conduc-

tivity of the forest floor of the deciduous forest. These 

differences in the measured values of saturated hydraulic 

conductivity can be justified by the interaction of several 

factors with different influences in the individual 

measurement methods such as specific texture and struc-

ture of the organic horizon, high porosity, continuous 

compressed the leaf structure, different soil moisture, 

different hydrophobicity of organic horizon and organo-

mineral A-horizon, different installation depths for 

the Guelph infiltrometer method and the single ring 

method.  

In addition, it can be stated that in the organic horizons 

in the research site, a substantial part of the water flows 

through the macropores and the preferred paths than 

through the soil matrix, which theoretically can help 

replenish the ground water reservoirs. 

Forest floor of deciduous forest is of great importance for 

rainwater distribution between infiltration, evaporation 

(including interception), water retention and runoff 

processes. Combination of saturated hydraulic conduc-

tivity determination by several methods enables to 

identify possibilities of implementation of initiation pro-

cesses on the surface of forest soil during transformation 

of precipitation into infiltration and runoff. 
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