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INTRODUCTION 
 

Two processes dominate in organic soils. One of them is related to the 
accumulation of organic matter during the formation of peat soils. The second 
process, whic
th evels. Aft eat 

terminology, a moorsh (OKRUSZKO, ILNICKI 2003). The moorsh and the underlying 
peat deposits are two distinct materials which are characterized by different 
structures as well as different physical properties and which 

lk densities. The moorsh material is of a much more grainy structure which is 
dependent on the degree of advancement of the moorsh forming process. During this 
process, the structure of the peat material is changing from fibric (moss peat) to 
humous (herbaceous and alder peats) and is modified by different degree of 
decomposition (OKRUSZKO, ILNICKI 2003). Intensive drainage causes mineralization 
of organic matter which results in subsidence and a decrease in surface elevation of 
peatlands (ILNICKI 1972). The lowering of the water level enhances the release of 
nitrogen and the emission of the greenhouse gases nitrous oxide, N2O, and carbon 
dioxide, CO2 (GOTKIEWICZ 1987; CRILL et al. 2000; SZANSER 1991a,b). The release 
of nitrogen is damaging to the ground water as well as open water resources. The 
proper management of peat-moorsh soil is required in order to protect these types of 
ecosystems from deg

ences the degradation process is moisture 
content and water storage in moorsh soils, especially in the top layer, and has been 
studied extensively under Polish conditions by Mioduszewski et al. (1
Oleszczuk et al. (2001), Brandyk et al. (2001, 2006) and Szatyłowicz et al. (2006). 
The second factor, which affects the intensification of the soil processes, is the 
temperature. Peat soils with high volumetric heat capacities slowly increase their 
temperature which has an influence on delaying the beginning of growing season. 
The soil thermal properties, which controlled the thermal status of the peat soils, are 
rather poorly recognise
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ther  et al. 1983; 
G the soil is also an 

mal diffusivity of peat soils or soil organic substrates (HORTON
NATOWSKI et al. 2006, 2008; USOWICZ 1996). Thermal status of 

soil temperature distribution, water content and plant 
otanical composition. 

 

hich connects the 
ajgrodzkie Lake with the Rudzki Channel. The Rajgrodzkie Lake is the main 

reservoir of water used for irrigation of the Kuwasy peatlands.  
After drainage of these peatlands, the area was ploughed and various grass 

species were sown. The productivity of this new ecosystem during the first five 
years of use as permanent grassland was relatively high and equal to approximately 
7-8 ton of dry mass per hectare (KOWALCZYK et al. 1974). The cultivation practices 
and the drainage contributed to the formation of peat-moorsh soils with different rate 
of moorsh forming processes. 

The descriptions of the soil temperature distribution as well as the moisture 
content on top layers of soil profiles are presented in this study. The measurements 
of physical properties were performed on an area of 495 m2 at 29 points (randomly 
selected). The soil profile at this site was classified as a peat-moorsh soil formed 
from alder peat with moderate state of moorsh forming process (MtII bc) according 
to Okruszko (1994) classification. The soil temperature measurements were 
conducted at hourly intervals during sunshine hours on the 11th of August 2008 and 

ed at 2 pm). The temperature values were obtained 
om standard thermometers every one hour. In addition, at each of the 29 points, the 

moisture content in the top 10 cm layer was measured in triplicates using the TDR 

important factor which is applied for quantification the soil energy transport. Horton 
and Wierenga (1983) indicated that soil heat flux can be estimated using soil 
temperature gradient method. Soil temperature distribution influences hourly heat 
balance and therefore should be accurately quantified as a part of surface energy 
balance. This is especially important for agricultural area where the proper 
measurement of this kind of soil flux can influence better understanding of a crop’s 
energy and water use (VERHOEF 2004). 

The temperature and moisture content of the soil influence the peat 
decomposition rate (KIRCHBAUM 1995; FANG, MONCRIEFF 2001) but they are also 
important for plant development and soil microorganisms existence (RICHARD, 
CELLIER 1998). Hence, the main objective of this study was to analyse the 
interrelationship between 
b

 
DESCRIPTION OF INVESTIGATED SITE 

 
The investigated site is located in the Middle Biebrza Basin within the Kuwasy 

drainage and sub-irrigation systems (SZUNIEWICZ, CHRZANOWSKI 1995). The 
drainage of these areas was carried out using open channels (1933-1939) and a 
network of drainage and sub-irrigation ditches (1951-1960). In 1977-1988 the 
ditches were deepened due to the high rate of peat subsidence following drainage. 
Later on drainage and sub-irrigation pipe systems were also installed in order to 
achieve appropriate levels of capillary rise from groundwater. The Kuwasy Channel 
(about 15 km long) is the main part of land reclamation system, w
R

also during sunshine hours on the 12th of August (on this date the last measurement 
of soil temperatures was record
fr

 48 



me

OF MOORSH SOIL 
 

The energetic status of the soil is ch rized by its moisture content and 
rient 

thod. The measurement probes were installed vertically from the surface. The 
detailed botanical composition of the plants cover was determined using 
gravimetrical method for representative area of about 6 m2. For each of the 29 
measurement points, the plant species were determined visually. The heights of the 
plants were also measured. 
 
 

TEMPERATURE DISTRIBUTION AND MOISTURE CONTENT 

aracte
temperature. Both of these physical properties are related to water and nut
movements in the soil profile and the influence of soil microbiological activity as 
well. Monitoring of soil temperature and moisture regimes can be useful for better 
understanding of the physical and biological processes dominated in energy and 
mass balance at the soil surface. 

The soil temperature is changing according to a diurnal cycle, within an annual 
cycle. One of the simplest ways used for expressing the soil temperature distribution 
at the surface in a fundamental cycle is the following sinusoidal function (HORTON 
et. al 1983): 

 ( ) ( )tsinATt,0T a ⋅ω⋅+=   (1) 

where: Ta – average temperature at soil surface (oC), A – the amplitude of 
temperature changes (oC) and ω represents the radial frequency equal to 2π/τ with τ 
representing the period of the fundamental cycle, and t is time. 

This equation (1) expresses the basic boundary condition which is required for 
the solution of the heat transfer equation (HUBRECHTS 1998; JURY et al. 1991) 
which allows the prediction of temperature changes at different depths in the soil 

rofile (KOSSOWSKI, SIKORA 1978; VERHOEF et al. 1996)
mperatures of the soil and the surface are usually

fore 
e soil temperature near the soil surface can be often described by a series of sine 

ter

p . Under field conditions 
the te  characterised by non-
sinusoidal changes which are mainly related to atmospheric conditions. There
th

ms (HORTON et al. 1983). In these cases the temperature as a periodic function of 
time can be described in the form of sinusoidal waves oscillating around an average 
daily temperature Ta. These are known as a Fourier series expressed in the following 
form (CENIS 1989): 

 ( ) ( )∑
=

ue Ta and 
values of kth order of sinusoidal changes called harmonics. Based on the research 
conducted by Cenis (1989) it may be concluded that daily temperature variation can 
be described using only two-harmonic series. Therefore the basic equation which 

φ+⋅ω⋅⋅+=
M

1n
nna tksinATtT  (2) 

where: An and φn are amplitude and phase angle of kth harmonics, respectively. 

Equation (2) can be physically interpreted as the sum of a constant val
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can be developed from series of soil temperature measured with hourly interval can 
be written as follows: 

( ) ⎟
⎠
⎞

⎜
⎝
⎛ φ+⋅
τ
π

⋅+⎟
⎠
⎞

⎜
⎝
⎛ φ+⋅
τ
π

⋅+= 2211a t4sinAt2sinATtT  (3) 

This means that the soil daily temperature variation can be modelled using only the 
following five parameters: Ta, A1, A2, φ1, φ2.  

The soil temperatures, which were recorded at the 29 measurement points, are 
pre

erage temperature distribution for the investigated period at the 
fie

sented in Figure 1. For the measurement period, the lowest and highest 
temperatures were measured on the 11th of August. The minimum temperature was 
observed at 9 am and was equal to 15.8oC. The highest temperature was recorded at 
5 pm and was equal to 22.3oC.  

For all the recorded data presented in Figure 1, the parameters of equation (3) 
were identified using a least squares optimisation procedure. The formula which was 
developed as the av

ld scale takes the form: 

 ( ) ( )[ ] ( )[ ]008.0t244sin295.0205.3t242sin682.140.18tT +⋅π⋅++⋅π⋅+=  (4) 

Based on the parameters obtained, the average soil temperature distribution for 
the analysed period was also plotted in Figure 1. Additionally, the values of the first 
and second harmonics are also included in this figure. From the data it can be seen 
that soil temperature variations between the measurement points were the highest 
during the afternoon. In between 2 and 5 pm, the temperature change was about 4oC 
whereas in the morning the variation was not more than 2oC. From the observed 
trend in temperature variations, it can be reasonably argued that the distribution of 
soil tem erature does not depend solely on meteorological conditions. The infl

egetation as well as the ex
uld be taken into consideration. 

Hence the status of the soil surface will influence soil conditions.  
 

p uence 
position of the soil cover represented by the height of the v
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The tted to the measured temp ure 

data for that, for each of the 29 points, the 
paramet ined separately using a least squares 
optimisa n f determination that describe the quality of 
the fitti b calculated values of the soil tem rature ere 
varied b ualize the results o e sta cal 
calculat aximum temperatures for each 
measure n gure 2. 
 

Fourier series with two harmonics were fi
eans 

erat
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tio
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 procedure. The coefficients o
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Fig. 2. A erage, minimum and maximum temperatures calculated using Fourier series  
 

980). The 
pplication of the TDR method for organic soil layers located in the Biebrza River 

Valley was studied by Oleszczuk et al. (2007). The moisture content of peat deposit 
can be calculated on the basis of dielectric constant measurements using the 
following expression:  

  (5) 

where: θv – volumetric moisture content (cm3 cm-3), Ka – dielectric constant (-). 

v

The data plotted in this figure show that the average temperatures calculated for the 
29 points of the area was oscillating between 17 to 19.5oC. The range of temperature 
variation (values between maximum and minimum temperatures) at each point was 
changing from 3 to 6oC. The data clearly show that the range of temperature 
variation is individual for different measurement points in the study area. It shows 
again that soil temperature distribution is probably related also to vegetation which 
covers the soil surface. 

The soil water content is the basic property measured in soil profile. For 
monitoring purposes, the water content is measured using the TDR method, where 
the dielectric properties of the soil are used to calculate the moisture status of soil 
using calibration curves. For mineral soils one of the typical calibration equations 
used for moisture content calculation was proposed by Topp et al. (1
a

2
aav K000045.0K013.0174.0 ⋅−⋅+=θ
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The main advantage of this calibration equation for the TDR method is the 

requirement of only one measurement parameter represented by the dielectric 
constant. Additionally the coefficient of determination which measures the quality of 
prediction of the dependent variable was relatively high and equal to 93.6%. 
However most of the reported investigations (MALICKI 1993; OLESZCZUK et al. 
2004) in these types of curves also include the basic soil physical properties. 
Unfortunately the physical properties were not measured for the purpose of this 
study. It was assumed that moisture content may be predictable with sufficient 
accuracy using equation 5. The average values of the dielectric constant (measured 
in triplicates) for each point of the selected area are presented in Figure 3. 
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ken into account. 

The analysis of plant botanical composition indicates that 65% of cover 

y grasses: Deschampsia caespitosa, Holcus lanatus as 
well as Poa trivialis. Participation of Dactilis glomert d other cultivated ll 
grasses tha 1%  to  dr as App xi 18% lan  
covers are occupied by herbaceous species. There are mainly rosette and 
stoloniferous plants, i.e. Taraxacum sp., Ranunculus repens, Cardaminopsis 
arenosa, Leontodon autumnalis and Potentilla anserina. The detailed botanical 

Fig. 3. Average dielectric constant values measured in moorsh layer 0-10 cm (a) and 
moisture contents calculated using equation 5 (b) 
 

The measurements show that dielectric constants are characterised by rather low 
values and that they vary for the different points investigated. The variation in the 
measured data is characterised by a relatively high coefficient of variability equal to 
31%. The corresponding volumetric moisture content varied from 24 to 44%. This 
indicates that during the measurement period the soil was relatively dry. 

The low moisture content of the top soil layer was probably caused by the high 
evapo-transpiration rates of the cultivated plants in the summer. The measurements 
in this study were performed at the beginning of August which was approximately 
two months after the first cutting of the plants. The soil moisture status at each point 
of the investigated area indicates that physical properties of moorsh material are 
spatially variable. But on the other hand the influence of the plant covers should be
ta

biomass 
is occupied mainly by grasses: Festuca rubra and Poa pratensis. Supplementary 
plant species are represented b

ata an
mately 

 ta
was less n  of tal y m s. ro  of the p t soil
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composition as well as heights of plants for each of the analyzed point of the area 
are re d

Table 1 
Plant botanical composition at the measurement points 

t
H [cm] 

 p sente
 

 in Table 1. 

Height of plan s – M s
ments 
point 

Dominant plants 
H2 

ea ure-

H1 
1 C m s 16arda inopi  arenosa, Trifolium repens 9  
2 Festuca rubra, Trifolium repens, Ranunculus repens 13 13 
3 Trifolium repens 6 6 
4 Deschampsia caespitosa 5 25 2
5 Tar unc s 25 axacum sp, Ran ulus repen  25 
6 Potentilla anserina, Cerastium holosteoides 26 26 
7 ,  12 26 Festuca rubra Trifolium repens
8 Ranunculus repens, Potentilla anserina 19 19 
9 Festuca rubra, Potentilla anserina, Ranunculus repens 22 22 

10 Potentilla anserina, Poa pratensis 28 28 
11 Ranunculus repens, Potentilla anserina 27 27 
12 Festuca rubra, Trifolium repens 28 20 
13 Festuca rubra, Ranunculus repens (+)* 24 24 
14 Festuca rubra, Leontodon autumnalis 29 32 
15 Festuca rubra, Leontodon autumnalis (+) 30 30 
16 Potentilla anserina, Taraxacum sp. 25 25 
17 Poa pratensis, Trifolium repens 27 27 
18 Deschampsia caespitosa 23 23 
19 Festuca rubra, Leontodon autumnalis 17 23 
20 Poa pratensis, Carex hirta 20 9 
21 Deschampsia caespitosa 18 21 

22 Potentilla anserina, Festuca rubra, Poa pratensis, 
Deschampsia caespitosa 24 24 

23 Festuca rubra, Potentilla anserina (+) 23 18 
24 Deschampsia caespitosa, Trifolium repens 21 21 
25 Phalaris arundinacea, Potentilla anserina 67 53 
26 Festuca rubra, Poa pratensis 34 34 

27 Festuca rubra, Achillea millefolium, Leontodon 
autumnalis, Trifolium repens 30 30 

28 Deschampsia caespitosa, Festuca rubra (+) 26 33 
29 Deschampsia caespitosa, Festuca rubra 28 24 

*
 

 (+) – not significant part 
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HIERARCHICAL STRUCTURE OF PHYSICAL PROPERTIES 
OF MOORSH SOIL COVERED BY GRASS COMMUNITY 

 
Cluster analysis was used to classify the measurement points of the investigated 

site into groups based on their similarities. The input data for this analysis were 
represented by 29 sets of parameters describing the harmonic equations of soil 
temperature distribution. These parameters are represented by average soil 
temperature (Ta), amplitudes (A1 and A2) and phase angles (φ1 and φ2) of first and 
second harmonics. Based on the 29 vectors of the above mentioned parameters, a 
matrix of variables (5 columns and 29 rows) was prepared and standardisation of 
input data was performed. Application of the cluster agglomerative technique as 
proposed by Marek (1989) enables on establishment of independent groups. Each 
group was established on the basis of the similarity between individuals. These 
individuals are represented by a vector of observations (parameters of harmonic 
equations) determined for each point of the investigated area. A dendrogram which 
shows the groups of similar measurement points is presented in Figure 4.  
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Th
 

m

gro , Tmax, A1, A2, φ1 and φ2 are presented in 

e data presented in figure 4 clearly show that the agglomerative technique 
enables to distinguish two clusters. One group is agglomerated within one cluster 
which includes 7 measurements points. The second cluster can be divided into three 
ho ogenous groups. Based on these agglomerations, the average parameters of the 
Fourier series which describe the temperature distribution were determined for each 

up. The calculated values of Ta, Tmin
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Table 2. The mean dielectric constants, the mean capacity and the height of the plant 
 also included. The analysis of the results suggests that the average temperature 
n each group is dependent on the height of the plant. It means that a dec

are
 i n 

il 
lay l 
tem f 

a

the 

Ta rease i
the height of the plant causes a decrease in the average temperature in the upper so

er (5 cm depth). The average values of the first main harmonic indicate that soi
perature oscillations are also different between established groups. In case o

lower plants these changes are equal to approximately 2.1oC whereas in the case of 
higher plants, the soil temperature oscillates by about 1.5oC around the average T .  
 

Table 2 
The average values of the physical parameters of moorsh material as well as description of 

plants for established groups 

Group Tmin Tmax Ta A1 A2 φ1 φ2 Ka

Water 
storage* 

[mm] 
Basic species H 

[cm] 

I 21.20 1816.62 .84 2.145 0.415 3.331 -0.364 11.15 31.2 Festuca rubra 16 Trifolium repens,  

II 16.83 20.10 18.68 1.602 0.505 3.011 0.318 12.54 32.9 
Deschampsia 
caespitosa, Festuca 25 
rubra 

III 16.81 20.16 18.54 1.580 0.243 3.142 0.242 15.63 36.5 
Deschampsia 
caespitosa, 
Trifolium repens, 

25 

Festuca rubra, 

Taraxacum sp.  

IV 16.17 19.30 17.83 1.476 0.236 3.042 0.180 12.19 32.5 
Potentilla anserina, 
Ranunculus repens, 30 
Festuca rubra 

* wa

or

 this 
ro ups. 

Fro of 
the ffects the thermal status of the soil which can also be 

I 

ma
of 
the d by Figure 5 where the average 

ter storage in the 10-cm top layer of the moorsh 
 

The influence of the height of the plants on the dielectric constant and soil water 
age was rather moderate. The soil water storage is more dest pendent on the plant 

botanical composition of the soil cover. The lowest value of water storage in the 10 
 layer cm is observed in group I where the plants with stoloniferous roots system 

dominate. Relatively low water storage is also observed in group IV. This is 
probably due to large transpiration apparatus of the plants which belong to
g up. These plants are higher than the ones belonging to other analysed gro

m the data presented in Table 2, it can generally be concluded that the height 
 plant community a

influenced by the lower value of water storage of the moorsh soil.  
The average parameters of the Fourier series which describe groups II and II

were not significantly different, except for the values of the second harmonics. This 
y suggest that these groups should be treated as one group. However the analysis 
the water storage and dielectric constant data show a clear difference between 
se groups. This tendency is also confirme
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temperature distribution for both groups is presented. The difference between 
perature variations is especially pronounced for hours between 20 and 24. The 
her water storage belongs to the group II

tem
ghi I of more diverse botanical composition 

of the grass community (grass, and perennial rosette plants). These plant species 
have a deeper root system and water consumption occurs from deeper layers of the 
soil profile. Although there is a difference between the two groups, a more detailed 
study is required to corroborate the results.  
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MMARY AND DISCUSSION 

The obtained results lead to the conclusion that soil temperature distribution in 
the moorsh material can be described using Fourier series with two harmonics. 
Statistical analysis represented by hierarchical agglomerative technique enables to 
divide the 29 observed points into four homogenous groups of the investigated area. 
These groups are characterized by different thermal and moisture status of the 
moorsh material. The experimental results and the statistical analysis of the data 
indicate that variability in the physical properties can be related to spatial variability 
of plant botanical composition of grass community. Simultaneously with increases 
in the height of the plants the average temperatures (measured at 5 cm depth) of 
moorsh layer decrease. The heights of the plants are related to oscillation of the 

Fig. 5. Soil temperature distributions 
 

at 0-5

 
SU
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temperatures around their averages. Higher variations in the soil temperatures were 
bserved in the places where the lower plants were dominant. However, height of 

the plant species was not the main factor influencing water storages in the moorsh 
layer. Rather, the variations in water storage at different points within the study area 
were dependent on botanical composition of the grass community. Appearance of 
the stoloniferous root system plants as well as the plants with large assimilation 
apparatus caused the decrease of water storage in the upper 10 cm soil layer 
considered in this study. Higher water storage in the moorsh layer was observed at 
locations where plant species with a deep root system were dominant. The analysis 
of the moisture and thermal status of the moorsh layer at the field scale performed in 
this study can be used for assessing the intensity of the mineralization of organic 
soils and devise strategies to help protecting these kinds of ecosystems. The results 
presented in this study need to be complemented by a more detailed investigation in 
order to analyze the interrelation between plant, soil, water and thermal conditions 
under various atmospheric and water regimes. 
 
 

ACKNOWLEDGEMENTS 
 
This work was financed by the Polish Ministry of Science and Higher Education, 
contract No. N305 015 32/0954 (2007-2009). 
 
 

REFERENCES 
 
BRANDYK T., OLESZCZUK R., SZATYŁOWICZ J. 2001. Investigation of soil water dynamics in 

a fen peat-moorsh soil profile. International Peat Journal, 11: 15-24. 
BRANDYK T., OLESZCZUK R., SZATYŁOWICZ J. 2006. Comparison of different methods of 

water storage determination in peat-moorsh soil profile used as a meadow (in Polish). 
Acta Agrophysica, 8(1): 11-21. 

CENIS J. L. 1989. Temperature evaluation in solarized soils by Fourier analysis. 
Phytopathology, 79: 506-510. 

CRILL P., HARGREVES K., KORHOLA A. 2000. The role of peat in Finnish greenhouse gas 
balances. Ministry of Trade and Industry, Finland, 71pp. 

FANG C., MONCRIEFF J.B. 2001. The dependence of soil CO2 efflux on temperature. Soil 
Biology and Biochemistry, 33: 155-165. 

GNATOWSKI T., SZATYŁOWICZ J., BRANDYK T., OLESZCZUK R., SZEJBA D. 2008. Thermal 
diffusivity of the peat soil surface layer. Proceeedings of the 13th International Peat 
Congress, 8-13 June, Tullamore (eds C. Farrell and J. Feehan), vol. 1: 323-326. 

GNATOWSKI T., SZATYŁOWICZ J., SZEJBA D., BRANDYK T., OLESZCZUK R. 2006. Thermal 
diffusivity of a moorsh layer (in Polish). [In:] T. Brandyk, L. Szajdak, J. Szatyłowicz 
(ed.) "Physical and chemical properties of organic soils", Wyd. SGGW, Warszawa: 175-
184. 

GOTKIEWICZ J. 1987. Mineralization of nitrogen coumponds in peat-moorsh soil during long 
term investigations (in Polish). Biblioteczka Wiadomości IMUZ, 68: 85-98. 

HORTON R., WIERENGA P.J. 1983. Estimating the soil heat flux from observations of soil 
temperature near the surface. Soil Science Society American Journal, 47: 14-25. 

o

 57



HORTON R., WIERENGA P.J., NIELSEN D.R. 1983. Evaluation of methods for determining the 
apparent thermal diffusivity of soil near the surface. Soil Science Society American 
Journal, 47: 25-32.  

HUBRECHTS L. 1988. Transfer functi ion of thermal properties of Belgian 
soils. Dissertationes de Agricultura, e Universiteit Leuven: 236 pp.  

ILNICKI P. 1972. Subsidence of lowmoor be g in long-lasting agricultural utilization (in 
Polish). Rozprawy WSR, Szczecin, 30: 63 p. 

JURY W  Sons: 
173-

IRSCHBAUM c matter 
decompo oil Biology 
and Biochemistry, 27(

KOSSOWSKI J., SIKORA E ls and methods of their 
determination (in Polish). Problemy Agrofizyki, 27: 58 pp.  

KOWALCZYK J., GOTKIEWICZ J., SZUNIEWI  K. 1974: Use and production ability of 
Kuwasy sit tu Kuwasy]. 
Biblioteczk

A

 M. 1991b. CO2 diffusion from peat-muck soils. III. Carbon balance in a model 

ons for the generat
No 37 , Katholik2

in
 p

.A., GARDNER W.R., Gardner W.H. 1991. Soil physics. 5th ed. John Wiley &
195. 

 M.U.F. 1995. The temperature dependence of soil organi
sition, and the effect of global warming on soil organic C storage. S

K

6): 753-760. 
. 1978. Thermal properties of the soi

CZ
e. [In Polish: Użytkowanie i możliwości produkcyjne obiek
a Wiadomości IMUZ, 47:149-167. 

M LICKI M. 2003. Influence of soil physical properties on electrical parametersof 
electrodes/soil system in aspect of determination of soil moisture and salinity (in Polish). 
Acta Agrophysica 1, 108 pp. 

MAREK T. 1989. Cluster analysis in empirical studies. SAHN methods. [In Polish: Analiza 
skupień w badaniach empirycznych. Metody SAHN. PWN, Warszawa: 171 pp. 

MIODUSZEWSKI W., SZUNIEWICZ J., KOWALEWSKI Z., CHRZANOWSKI S., ŚLESICKA A., 
BOROWSKI J. 1996. Water management on the peatland located in the Middle Basin of 
Biebrza (in Polish). Biblioteczka Wiadomości IMUZ, 90: 84 pp. 

OKRUSZKO H. 1960. Muck soils of valley peatlands, and their chemical and physical 
properties, Roczniki Nauk Rolniczych F-1, 74: 5-89. 

OKRUSZKO H., 1994. System of hydrogenic soil classification used in Poland. Biblioteczka 
Wiadomości IMUZ, 84: 5-27. 

OKRUSZKO H., ILNICKI P. 2003. The moorsh horizons as quality indicators of reclaimed 
organic soils, pp. 1-14. In: Parent L.-E. and Ilnicki P. (eds), “Organic soils and peat 
materials for sustainable agriculture”, CRC Press and International Peat Society, Boca 
Raton, Florida (USA) 

OLESZCZUK R., BRANDYK T., GNATOWSKI T., SZATYŁOWICZ J. 2004. Calibration of TDR 
for moisture determination in peat deposits. International Agrophysics 18(2): 145-151. 

OLESZCZUK R., GNATOWSKI T., BRANDYK T., SZATYŁOWICZ J. 2007. Calibration of TDR 
for moisture content monitoring in moorsh layers. [In:] W. Kotowski, E. Maltby, D. 
Mirosław-Świątek, T. Okruszko, J. Szatyłowicz (ed.), "Wetlands: modelling, 
monitoring, management", Ballkema: 121-124. 

OLESZCZUK R., SZATYŁOWICZ J., BRANDYK T. 2001. Estimation of peat-moorsh water 
resources from vertical movements of the soil surface (in Polish). Zeszyty Problemowe 
Postępów Nauk Rolniczych, 477: 121-128. 

RICHARD G., CELLIER P. 1998. Effect of tillage on bare soil energy balance and thermal 
regime: an experimental study. Agronomie, 18: 163-181. 

SZANSER M. 1991a. CO2 diffusion from peat-muck soils. I. Dependenceof diffusion on 
temperature, moisture content and origin of soil. Polish Ecological Studies, 17: 85-99. 

SZANSER
ecosystem of peat meadow. Polish Ecological Studies, 17: 123-135. 

SZATYŁOWICZ J., SZEJBA D., GNATOWSKI T., OLESZCZUK R., BRANDYK T. 2006. Soil 
moisture and hydrophobicity distributions in peat-moorsh soil profile (in Polish). [In]: T. 

 58 



Brandyk, L. Szajdak, J. Szatyłowicz (red.) “Physical and chemical properties of organic 
soils”, Wyd. SGGW, Warszawa: 105-112.  

SZUNIEWICZ J., CHRZANOWSKI S. 1995. Transformation and shallowing of drained peat soils 
of Kuwasy peatland. [In Polish: Przeobrażanie się i spłycanie odwodnionych gleb 
torfowych na przykładzie torfowiska Kuwasy]. In: “Torfoznawstwo w badaniach 
naukowych i praktyce”, Wyd. IMUZ, Falenty: 241-246. 

TOPP G., DAVIS J., ANNAN A. 1980. Electromagnetic determination of soil water content: 
Measurements in coaxial transmission lines. Water Resources Research, 16(3): 574-582. 

USOWICZ B. 1996. Thermal properties of selected growing media (in Polish). Zeszyty 
Problemowe Postępów Nauk Rolniczych, 429: 305-313. 

VERHOEF A. 2004. Remote estimation of thermal inertia and soil heat flux for bare soil. 
Agricultural and Forest Meteorology, 123: 221-236 

VERHOEF A., HURK van den B.J.J.M., JACOBS A.F.G., HEUSINKVELD B.G. 1996. Thermal 
soil properties for vineyard (EFEDA-I) and savanna (HAPEX-Sahel) sites. Agricultural 
and Forest Meteorology, 78: 1-18. 

 
 
Tomasz Gnatowski1, Bogumiła Pawluśkiewicz1, Ryszard Oleszczuk1, 
Sławomir Chrzanowski2

 
1  Department of Environmental Improvement 
Warsaw University of Life Sciences 
Nowoursynowska 159; 02-776 Warszawa 
e-mail: tomasz_gnatowski@sggw.pl 
2  Institute of Land Reclamation and Grassland Farming 
Experimental Station Biebrza 
19-200 Grajewo 

 59




