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EFFECTS OF SECONDARY TRANSFORMATION
OF PEAT-MOORSH SOILS ON THEIR PHYSICAL PROPERTIES
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A bstra ct. Detoriation of water conditions in the peat soils are closely related to the transfor-
mations that take place in the structure of organic soil mass. Changes in water relations together with
an increased access of air enable various physical, chemical and biological processes to take place. This, in
turn, leads to changes in organic soil mass and soil mass transformation into moorsh. The scope of changes
and their rate depends also on the properties of the original material. Amorphic peats are most susceptible
to secondary transformations, whereas fibrous peats undergo moorshing slower. Peat formations after se-
condary transformations have been divided into 5 groups assuming numerical values of water absorptivity
as the basis for the division. This index expresses the ratio between the lowest water absorptivity of a
given formation to its absorptivity in the fresh state.

The aim of the present work was to evaluate in what way type of moorsh and degree of its secondary
transformation influence some of its physical properties, i.e., retention curves and water conductivity, ab-
sorption level (wetting) and desorption (drying) of steam as well as its specific surface area.

The study object included peaty moorshes and proper moorshs originating from peats formations
at various stages of decomposition. The soil material originated from the region of Polesie Lubelskie.

Key words: agrophysics, peat-moorsh soils, retention curve, unsaturated hydraulic conduc-
tivity, sorption and desorption isotherms, specific surface area.

INTRODUCTION

Hydrology plays a key role in the development and maintenance of all peatland
systems. Many peatland functions depend on the detail of the water budget, i.e.,
water input, water output and water storage. The reduction of water capacity of peat
soils during the process of their moorshing reflects changes taking place in the struc-
ture and chemistry of the raw organic materials. In the changed water conditions soil
mass loses its absorption abilities and is transformed into a formation of a hydrophobic
character. The mechanism of the above changes was called the process of “secondary
transformation [8-10]. On the basis of water holding capacity, Gawlik [3,4] proposed a
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new classification of secondary transformed peat into six classes characterised by a
W1 index. This index is the ratio of centrifuged moisture equivalent after predrying
at 105 °C and one week of rewetting to the moisture level of a fresh sample. The index
W1 ranges from 0.17 to 1.0 and increases with the degree of peat transformation. The
value below 0.36 is characteristic for peat formations.

Characteristics of the water content profile of peat reflecting the level of water
table is a prerequisite for modelling processes related to soil moisture condition of
peatlands. Most models of water movement in porous solids use the moisture re-
tention curve and the relationship between the coefficient of unsaturated hydraulic
conductivity and soil water contents or soil water potential. Water retention charac-
teristics of mineral soils have been modelled intensively and several models were
presented in last years [13,17,21]. Some of these models were investigated for peat
soils by Weiss et al. [19]. They developed a semiempirical model with only one shape
parameter, which was clearly explained by the peat characteristics and recom-
mended for statistical investigations. The van Genuchten’s model is for predicting
moisture conditions near saturation. The instantaneous profile method elaborated
in the Institute of Agrophysics allows to determine water retention curve and coef-
ficient of unsaturated hydraulic conductivity directly from measurements. Specific
surface area of the organic matter is a key parameter for water volumes bound at
high tension and is strongly related to decomposition [14].

This work presents laboratory results of water retention curves, unsaturated hy-
draulic conductivity, water vapour sorption and specific surface area for peat-
moorsh soils in relation to their varied state of the secondary transformation.

MATERIALS AND METHODS

The study object included peaty moorshes (Z1) and proper moorshes (Z3) origi-
nating from peat formations at various stages of decomposition [3,8,9]. Those soils
were characterised by the index of the secondary transformation W1 in the range
from 0.44 to 0.82. All the study materials were taken from the Polesie Lubelskie
Region and from the Biebrza River Valley. The some selected properties of the in-
vestigated peaty moorsh soil samples are collected in Table 1. Szajdak et al. [16]
and Gawlik [3,4,16] gave a detailed characteristics of the soils and the method used
to obtain the W index.

Soil water retention curves and coefficient of unsaturated hydraulic conducti-
vity were determined using a TDR (Time Domain Reflectometry) device for water
content, temperature and salinity measurements [6,7]. Soil material was dense to
define bulk density standard using a TDR method with steel cylinders 10 cm high
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T able 1. Properties of the chosen peat-moorsh soils

No. of soil Wiindex Bulkdensity Porosity  Ashcontent
(study site) of solid
phase € vol. A%
Go (g cm™) % d.m.
1. Kosity (Z1) 0.55 0.25 84.6 17.56
3. Gajowka (Z3) 0.63 0.46 74.9 37.87
5. Modzeléwka-Wykowo (Z3) 0.82 0.39 78.7 22.27
6. Brzeziny Ciszewskie (Z3) 0.65 0.32 82.5 20.52
8. Széstka (Z3) 0.71 0.30 83.6 22.77
12. Sosnowica (Z1) 0.44 0.21 88.5 22.69

and 5 cm in diameter. TDR probes used for water content measurement and micro-
tensiometers for water potential measurements were installed through the holes in
the cylinder walls. Soil column prepared in this way was wetted to saturation by capil-
lary rise [5,15,18]. For the purpose of thermodynamical equilibrium the soil column
was covered for 24 h. After that time it was opened and during evaporation process,
water content and water potential were monitored at 1,3,5,7, and 9 cm counting from
the bottom of the column. The laboratory TDR device for water content and water po-
tential measurement was connected to the computer, so the data measured (mois-
ture and water potential) are gathered automatically on the hard disk.

Data on the dynamics of water content and water potential profiles obtained from
the measurements in time and space, enable to plot retention curves and coefficient of
unsaturated conductivity as a function of water potential or water content.

Assuming that the soil column is homogenous, water flow is one-dimensional
and the process take place in isothermal conditions the one-dimensional Darcy’s
law and flow equation through the soil column can be used for the calculation of
coefficients of unsaturated hydraulic conductivity:
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The coefficient of unsaturated hydraulic conductivity can be determined from the equation:
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where q(z,7) - water ﬂux through the chosen surface of the soil column in a define
perlod of time [m s~ ] k®) - coefﬁc1ent of unsaturated hydraulic conductivity [m
s ] 6(z,t) — water content [cm3 cm’ ] ¥(z,¢) - water potential [hPa].

The water sorption-desorption isotherms were measured gravimetrically in
static conditions. Soil samples in glass vessels were placed in a vacuum chamber
over sulphuric acid solutions. Air was removed. Afterwards equilibration the mass
of samples with the sorbed water was measured. After finishing the sorption-desor-
ption measurements, soil samples were dried in an oven at 105 °C and the amount of
sorbed water was calculated. The relative water vapour pressures were estimated
from the density levels of sulphuric acid solutions. During the experiment, temperature
was kept constant at 20 °C. All the measurements were replicated three times. The
specific surface areas of peat-moorsh soil samples were obtained from the sorption
isotherms using the BET equation, according to the Polish Standard PN-Z-19010-1.

RESULTS AND DISCUSSION

Relationship between soil water content and soil water potential is presented in
Fig. 1. Water retention curves of the investigated soils do not, show high differen-
tiation in respect to their shape. For the settled soil water potential the highest
amount of water can be retained by the soil number 1 (W;=0.55) and the soil
number 12 (W1=0.44). These two soils are classified as peaty moorsh (Z;). The
highest amount of water can be retained by the soil number 8 (W;=0.71) and
number 6 (W1=0.65) classified as proper moorshes (Z3). The lowest retention
properties are represented by the soils number 3 (W1=0.63) and number 5
(W1=0.82). These soils are also classified as proper moorshes (Z3).

Figure 2 presents the relative values of coefficient of unsaturated hydraulic
conductivity received from the instantaneous profile method and smoothed using
Mualem-van Genuchten’s model as a function of water potential. For the settled
soil water potential, the lowest decrease of relative water conductivity in unsatu-
rated zone occurred for the soils number 3 (W1=0.63) and number 5 (W1=0.82).
For the soil water potentials of about -400 hPa, the hydraulic conductivity values of
all the soils decrease to zero.

Relationship between the water vapour pressure and the amount of water ad-
sorbed by the soil materials (i.e., adsorption isotherm) is of fundamental impor-
tance for the studies of thermodynamics of water adsorption by soil and diffusion
of vapour through soil.

Figure 3 shows adsorption isotherms for the investigated peat-moorsh soils.
Qualitative interpretation of the isotherms obtained permits to provide information
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Fig. 2. Relative values of coefficients of unsaturated
hydraulic conductivity.

for on the structure of adsorbents. Ad-
sorption isotherms belong to the type 11
of the BET classification or to the type
IV of the ITUPAC, which points out a
non-porous character of the adsorbents.
The knees of the isotherms are rounded
and are associated with a low value of the
CBET constant, or with a low net heat of
adsorption. The shape of all the curves is
similar; however, a detailed course of the
curves and the amount of sorbed water
vary from sample to sample, which is ob-
viously connected with different basic
properties of particular samples (Table 1).
The pF curves and sorption isotherms in-
dicate that the amount of sorbed water in-

crease according to the following series 5<3<12< 1<6<8. The soil samples labelled
3,12 and 6, 8 are of a very similar shape, especially in the range of low relative
water pressures. Samples Nos 6 and 8 are characterised by similar values of bulk
density and total porosity, whereas samples Nos 3 and 12 shaw extremely different
values of these parameters and, additionally, also the value of ash content (Table 1).
The investigated soils characterised by different values of affinity with water va-
pour. For the relative pressure of about 0.93 the amount of water vapour sorbed in
the process of sorption (wetting) and desorption (drying) ranges from about 200 to
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400 mg g'1 of dry matter (105 °C) (Table 2). The highest value of affinity for water
vapour is noticed for the soil No. 8 (W1=0.71), then by the soil Nos 6 (W1=0.65), 1
(W1=0.55) and 12 (W1=0.44). The lowest values of affinity for water vapour are
shown in the case of the soils Nos 3 (W1=0.63) and 5 (W1 =0.82). Relation between
the index of the secondary transformation of investigated peat-moorsh soils and the
shape of the adsorption isotherms was not found.

The BET surface area, SBET, estimated from the adsorption isotherms ranges from
257 ng'l to 445 ng'l. For the investigated peat soil samples the BET surface area
changes in the order 5 (Table 2). The smallest specific surface is characteristic of the
soils number 5 (W1=0.82), number 12 (W1=0.44) and number 3 (W1=0.63), and the
largest - for number 8 (W1=0.71), number 6 (W1=0.65) and number 1 (W1=0.55)

In general, the value of peaty moorsh surface area of soil samples increases accor-
ding to the W1 index, which characterises the state of secondary transformation (Fig. 4).

Samples Nos 3 and 5 have lower values of surface area (Table 2). Sample No. 5
shows the highest W index, while sample No. 3 is strongly silted (Table 1). Silt-
ing-up process has a significant effect on the physical and water retaining proper-
ties of hydrogenic soils. They show the highest degree of compactness, as well as
the lowest total porosity [12].

Specific surface area of organic matter is strongly correlated with soil physical
properties. For mineral soils Zawadzki ef al. [20] and Petersen et al. [11] showed that soil
water content at -15 bars (the wilting point) was highly correlated to the surface area.
However, a steadily decre-asing degree of correlation between surface area and
water contents at seven increasing matrix potentials was seen. It suggests that only
tightly bound water is directly related to the surface area [11]. The interaction of
water with organic soils is of particular interest under unsaturated conditions. The
specific surface area is directly correlated to the volume of water bound at high

Table 2. Some chosen parameters of peat-moorsh soils

Soil No. Z Wi § Nads Ndes A=Ndes-Nads
)  (mggh) (mgg) (mg g™
12 Z 0.44 324.1 270.59 311.17 40.60
1 Z 0.55 399.3 335.65 375.32 39.67
3 73 0.63 334.8 245.86 275.70 29.84
6 73 0.65 4449 333.53 375.98 42.44
8 73 0.71 457.7 356.20 401.14 44.93
5 73 0.82 257.8 199.40 225.00 25.60

Abbreviations: Z - kind of moorsh, according to Okruszko; W - secondary transformation index ac-
cording to Gawlik; S - specific surface area from the BET equation, Nags , Ndes - amount of water va-
pour sorbed at p/po=0.93 during adsorption and desorption, respectively; A - difference between the
amount of water vapour sorbed and desorbed at p/po=0.93.
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tensions. Decomposition of organic ma-
terial increases the specific surface area,
thus strongly reducing hydraulic conduc-
tivity [1,2,14,22]. Ryden [14] analysed
different factors that determine unsatu-
rated hydraulic conductivity of organic
soils. Characterisation and occurrence of
changes in organic material, strong water
] binding to soil, interaction between di-
100.2) pole molecule and ions, the surface area
and surface charge, formation of water
films on organic material and internal
04 os 086 07 o8 os  character of Diffuse Double Layer were
applied as parameters for modelling un-
Fig. 4. Relation between W/ and specific surface saturated conductivity in the dry range.
area (open circle) and the amount of water Microscopic properties that are funda-
sorbed at p/po=093 during saturation .00 for most hydrological processes in
(black squares) and during drying (open X
squares), as well as the amount of perma- natural soils begin at the atomic level and

nently sorbed water (open triangles). proceed to the field scale.
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ONCLUSIONS

1. Water retention curves of the investigated peat-moorsh soils do not show
high differentiation in respect to their shape.

2. For the soil water potentials of about -400 hPa, hydraulic conductivity values
of all the soils decrease to zero.

3. Soils: Nos 3 (W1=0.63) and 5 (W1=0.82) characterised as proper moorsh (Z3),
have the smallest specific soil surface, the smallest porosity characterised by the smallest af-
finity to water vapour, indicate the lowest retention properties and the smallest de-
crease of the relative water conductivity in unsaturated zone.

4. Relation between retention properties of the investigated soils and kind of
moorsh characterised by Z indicator was determined. Peaty moorshes (Z1) indicate
better retention properties.

5. Unequivocal relation between the kind of moorsh characterised by the Z in-
dicator and the shape of soil water retention curves, soil water vapour sorption and
the value of specific surface area was not determined.

6. Kind of the moorsh and its secondary transformation does not influence the
shape of water vapour isotherms.
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7. The investigated samples are characterised by different affinity to water va-

pour. For the relative water vapour saturation close to 0.9 the amounts of sorbed
water measured during sorption (wetting) and desorption (drying) ranges from 200
to 400 mg per 1 gram of dry (at 105 °C) soil.

8. Specific surface area of the investigated samples evaluated by the BET method

with water vapour isotherms is high and ranges from 250 to 450 ng'l.
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