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Abstract

Our research aimed to determine how Ecological Indicator Values (EIV) (W - soil moisture value;
Tr - trophic value; R - soil acidity value; D - soil granulometric value) help identify forest type of soils
formed in peatlands. In our research, we related EIV to various physicochemical characteristics of
peatland soils. The research sites were established in selected peatlands throughout Poland and were
characterized by the presence of Histosols. In each plot, a list of all ground vegetation was made using
the Braun-Blanquet method. On this basis, EIV was calculated for each study plot. Basic physicochemi-
cal properties were determined in the soil samples, such as carbon (Corg) and nitrogen (N) content, pH,
hydrolytic acidity (Ht) and the content of basic cations. The activity of urease and dehydrogenase were
also determined. Ecological Indicator Values of trophic and acidity were characterized by a positive,
statistically significant correlation between the following soil features: pH H,0 and pH KCI, N content,
Ca?* content, activity of urease and dehydrogenase and Mn content. For both indicators, a statistically
significant negative correlation was found in the case of C content, C/N ratio, P content, exchangeable
acidity (He) and Ht. The stocks of C, N, P, Ca, Mg, K were also calculated. The highest Ca stock was
found in the Sapric Histosols. The highest average EIV was recorded in Sapric Histosols, while the
lowest was in Hemic Histosols. Our research shows that EIV can help identify Histosols. EIV may be
available in the condition of the peatland soil and described to determine the degree of degradation.

1. Introduction

Peatlands are valuable lands that can serve a number of im-
portant purposes, e.g. they store carbon, retain water, increase
biodiversity and play a crucial role in regulating climate changes
(Harenda et al., 2018; Makrickas et al., 2023). The ongoing climate
warming and destructive human impacts cause peatlands to dry
(Swindles et al., 2019; Karpinska-Kolaczek et al., 2022; Stowinska
et al,, 2022). Factors that have an adverse impact on peatlands
include more and more frequent dry spells, decrease in rainfall,
maintenance of ditches, forestry, agriculture and peat extraction
(Glina et al., 2016a; Monteverde et al., 2022; Kilpeldinen et al.,
2023, Szuminska et al., 2023). Decrease of water level in organic
soils leads to changes in vegetation that are directly linked with
the processes occurring within the upper layers of soil (Peltonie-
mi et al,, 2009; Sun et al,, 2016). The increased supply of oxygen
to the upper, layers accelerates the mineralisation of organic mat-
ter accumulated throughout the peat formation process, which
in turn results in the release of stored carbon from the soil into
the atmosphere in the form of carbon dioxide (Glina et al., 2016b;
Pinsonneault et al., 2016; Mpamah et al., 2017; Humpendoder et al.,
2020; Lachacz et al.,, 2023; Mencel et al., 2024). The degradation of
peatlands decreases the number of rare species of peat-forming
and hygrophilous plants, which are replaced by species with less
demanding requirements in terms of water — in many cases they

are cosmopolitan species with widespread occurrence that can
dominate whole communities (Grzybowski and Gliriska-Lewczuk,
2020). Those include, e.g. the genera of grasses Molinia, Calama-
grostis, Deschampsia as well as Rubus plants. Altered composition
and structure of vegetation exacerbate changes within the soil.
The growth of new species of vegetation causes different products
of decomposition of organic matter to be supplied to soil along
with detritus and root secretions (Staszel-Szlachta et al., 2024).
The rhizosphere surrounding such new plants contains commu-
nities of microorganisms which are different from the original
microorganisms that existed in symbiosis with the vegetation of
natural peatland ecosystems (Marschner et al., 2001; Andersen et
al,, 2010). For many species of plants, animals, fungi and bacteria
a sufficiently wet peatland is the only biotope they can inhabit
(Peltoniemi et al., 2009; Kedzior et al., 2022; Slawski et al., 2022).
In geobotanical research, in addition to an analysis of spe-
cies found in a plant community developed in a particular habi-
tat, there are synthetic ecological indicator values that allow for
identification of the vegetation’s requirements for individual
environmental parameters. The concept of Ecological Indicator
Values (EIV) is one of the methods of phyto-indication used in
ecology. A useful tool in such an analysis can be the EIV estab-
lished for vascular plants or other life forms also (bryophytes, li-
chens). The pioneer of this system was Ellenberg et al. (1992). The
comprehensive development of the EIV for Europe was carried
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out by Dengler et al. (2023). In the context of plant species found
in Poland, the equivalent of those indicators are the ecological
indicator values developed by Zarzycki et al. (2002). The syn-
thetic numerical indicators, presented as an average value for
an entire vegetation patch, enable comparison of diverse com-
munities which differ in terms of naturalness, fertility variant
or even the varieties living in particular geobotanical regions
(Zarzycki et al., 2002; Czerepko et al., 2006; Alderson et al., 2019).

Our research aimed to determine how Ecological Indicator
Values (EIV)(W - soil moisture value; Tr — trophic value; R - soil
acidity value; D — soil granulometric value) help identify forest
soils formed in peatlands. In our research, we related EIV to
various physicochemical characteristics of peatland soils. We as-
sumed that EIVs strongly correlate with the properties of the soils
studied. Moreover, the paper considers the differences in the
stocks of carbon (C), nitrogen (N), phosphorus (P), calcium (Ca),
magnesium (Mg) and potassium (K) depending on the soil type
in order to define the potential for biogenic accumulation. The
results of our research are an attempt to answer the question of
whether EIV indices reflect the basic properties of soils; such stud-
ies have not been conducted so far, especially regarding organic
soils. The presented results may have practical application in de-
termining the condition of organic soils, which in recent years
have been exposed to changes resulting from climate change.

2. Materials and methods
2.1. Study area and experimental design

The analysis was based on data gathered by members of the
Institute of Forest Soil Science in Krakow as part of the research
project: “Development of soil quality indices for natural forest
habitats of lowlands and uplands in Poland and its application in
silviculture” (PNRF-2717/7/11). The data contained material taken
from 30 typological forest sites set up in study plots of natural plant
communities growing in Fibric Histosols (10), Hemic Histosols (6)
and Sapric Histosols (9). The fourth group were comprised of modi-
fied communities that formed in drained soils modified as a result
of mursh-forming process (Drainic Histosols: 5) (Fig. 1, Table 1).
According to the Polish Soil Calssification (PSC) (Kabala et al., 2019)
the soil types were: Fibric peat soils, Hemic peat soils, Sapric peat
soils and Murshic peat soils. According to the IUSS-WRB soil Classi-
fication (IUSS Working Group WRB, 2022), the soils were classified
as Fibric Histosols, Hemic Histosols, Sapric Histosols and Drainic
Histosols. The analysis of soil from each plot involved digging
a deep (150 cm) open pit in the centre of the study plots. Where
it was not possible to dig a deep pit a Wardenaar’a peat corer was
used. The C/N ratio was used as an indicator of the decomposi-
tion rate, which allowed for the classification of the tested soils.

2.2. Laboratory analysis

The chemical parameters were measured only for the up-
per layer of the soil (0-20 cm depth). After identification of ge-
netic horizons within the profiles, samples were collected for the
analysis of basic physical and chemical parameters according
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to the methodology by Ostrowska et al. (1991). The parameters
analysed were: soil potentiometric pH (in water and 1 M KCl so-
lution), hydrolytic acidity according to Kappen and exchange-
able acidity determined by the Sokolov method. Total content
of organic carbon (Corg) and total nitrogen were determined
using the LECO CNS True Mac Analyzer (Leco, St. Joseph, MI,
USA). Content of available phosphorus according to Bray-Kurtz
method and total phosphorus (after mineralisation of samples
in a mixture of nitric acid and perchloric acid) was measured
with ICP EOS spectrometer with analysis of the content of mi-
croelements in the same solution. Exchangeable base cations
were measured in 1M CH,COONH, solution with pH of 7.0 using
ICP-OES spectrometer (iCAP 6500 DUO, Thermo Fisher Scientific,
Cambridge, UK). In addition, aggregate samples with natural
moisture levels were collected from the upper horizons (up to
20 cm deep) of Histosols. The samples were transported to a lab-
oratory, passed through a sieve with 2 mm mesh size and stored
in temperature of 4°C. The samples were used to test the activity
of two soil enzymes: dehydrogenase (Lenhard method modified
by Cassidy) expressed in TFF/100g/24h, and urease expressed
in ug N-NH,/1g/1h (Alef and Nannipieri 1995). The bulk density
was determined with the use of Kopecky rings with a volume of
250 cm?, based on the dryer method (Ostrowska et al., 1991). The
stocks of C, N, total P and the stocks of exchangeable forms of
Ca, Mg and K were calculated as the sums of their total content
within particular horizons of a soil profile with a cross section of
1 m?and depth of 100 cm:

N-D-m
Nstorage = 1—0 [kg m™]

C-Dm -
Cstorage = T (kg m]

p —P.D-m[gmfl]
storage — 100

Ca-D'm 4
Casmrage = T [g m™]
Mgstnrage = % [g m™]
K-D-m B
Kstorage = T[gm ]
where:
N - the nitrogen content in the next horizon [%]
C - the carbon content in the next horizon [%]
P - the total phosphorus conent in the next horizon [mg kg]
Ca - the exchangeable calcium content in the next horizon
[mg kg™
Mg - the exchangeable magnesium content in the next horizon
[mg kg™
K - the exchangeable potassium content in the next horizon
[mg kg™

D - the soil bulk density at the appropriate horizon [g cm™]
m - the thickness of the next horizon [cm]
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Fig. 1. Location of research sites

Table 1

Characteristics of the study plots

Ecological indicator values in the identification of peatland soils
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Plot number

Plant community

Soil type

Coordinates WGS 84 (N/E)
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Molinio caeruleae-Pinetum
Fraxino-Alnetum

Vaccinio uliginosi-Pinetum
Vaccinio uliginosi-Betuletum pubescentis
Vaccinio uliginosi-Pinetum
Sphagno squarrosi-Alnetum
Molinio caeruleae-Pinetum
Ribeso nigri-Alnetum

Vaccinio uliginosi-Betuletum pubescentis
Fraxino-Alnetum

Ribeso nigri-Alnetum

Sphagno squarrosi-Alnetum
Sphagno squarrosi-Alnetum
Vaccinio uliginosi-Pinetum
Vaccinio uliginosi-Pinetum
Vaccinio uliginosi-Pinetum
Ribeso nigri-Alnetum
Fraxino-Alnetum

Sphagno squarrosi-Alnetum
Vaccinio uliginosi-Pinetum
Sphagno girgensohnii-Piceetum
Querco-Piceetum

Sphagno girgensohnii-Piceetum
Ribeso nigri-Alnetum

Sphagno girgensohnii-Piceetum
Sphagno girgensohnii-Piceetum
Fraxino-Alnetum

Sphagno squarrosi-Alnetum
Querco-Piceetum

Vaccinio uliginosi-Betuletum pubescentis

Drainic Histosol
Drainic Histosol
Fibric Histosol
Hemic Histosol
Fibric Histosol
Hemic Histosol
Drainic Histosol
Sapric Histosol
Hemic Histosol
Sapric Histosol
Drainic Histosol
Fibric Histosol
Fibric Histosol
Fibric Histosol
Drainic Histosol
Fibric Histosol
Sapric Histosol
Sapric Histosol
Fibric Histosol
Hemic Histosol
Sapric Histosol
Hemic Histosol
Sapric Histosol
Sapric Histosol
Fibric Histosol
Hemic Histosol
Sapric Histosol
Sapric Histosol
Fibric Histosol

Fibric Histosol

51°25°54.702”N
51°25°51.864”N
54°23’35.70"N
54°46’0.114”N
54°22’1.560”N
52°53’41.460”N
52°53’44.964”N
53°12’3.168”N
53°11’35.650”N
51°37°45.540”N
52°35’2.772”N
52°0°20.376”N
52°33’26.334”N
51°27°15.600”N
50°37°26.628”N
52°20°0.480”N
52°17°59.600”N
53°29’4.374”N
53°44’54.972”N
53°44’49.818”N
53°53°20.466”N
53°48°57.120"N
54°2°53.142”N
54°4'44.400”N
54°20°5.250"N
54°20°37.656”N
51°52°48.432”N
52°30°12.516”N
52°35’39.918”N
54°48’10.700”N

17°59°38.400”E
17°59°50.118”E
17°57°35.520”E
17°36’1.116”E
18°1°48.732”E
16°46’14.000”E
16°46’10.476”E
16°44°29.502”E
16°44°24.690”E
19°30°53.298”E
19°19°43.26”E
20°11°19.614”E
19°28°41.844"E
23°77.524"E
22°29’19.320”E
20°46’13.278”E
20°42’35.600”E
20°31°16.944"E
19°33°7.236”E
19°33’14.904”E
23°19’42.768”E
23°18°49.220”E
23°2°38.148"E
23°0’42.702”E
22°26’46.920”E
22°35°41.208”E
19°20°44.544"E
19°36°24.858”E
21°38°40.116”E
18°7°43.000"E
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2.3. Phytosociological relevés

On each site, a description of ground cover vegetation was
carried out on a surface of 400 m? (a square measuring 20x20 m).
In the central part of the surface, there was a soil pit. The vegeta-
tion list was made taking into account the spring aspect (May/
June). For each plant, an appropriate degree of surface coverage
was assigned according to the Braun-Blanquet scale. The scale
includes the following degrees, along with a middle percentage
range: 5 (87,5%), 4 (62,5%), 3 (37,5%), 2 (15%), 1 (below 5%), +
(singly), r (rarely) (Braun-Blanquet, 1964). Then, in order to ob-
tain the appropriate weight for each vascular plant, based on
the degree of coverage, a weight was assigned according to the
scale: 5 (5),4 (4), 3 (3), 2 (2), 1 (1), r (0.5), + (0.1). Subsequently,
for each vascular plants, the EIVs were read for a specific in-
dicator according to Zarzycki et al. (2002). If the value of a se-
lected indicators read from the table was expressed as a range,
the middle value was used for calculations. On this basis, the
values of selected indicators (trophic status, moisture, acidity
and soil granulometric) were calculated for each studied area as
a weighted average of the sum of EIV of all vascular plant spe-
cies occurring in the area, divided by the sum of their weights
(Braun-Blanquet, 1964; Zarzycki et al., 2002). The collected phy-
tosociological relevés were assigned to the geobotanical classifi-
cation approach (Matuszkiewicz, 2007).

2.4. Statistical analysis

The Spearman correlation coefficients for the soil character-
istics and EIV were calculated. The Shapiro-Wilk test was used
to assess normality. ANOVA test was used to assess significant
differences between the mean values of soil types. HSD Tukey’s
post-hoc test was used to compare group differences. Principal
component analysis (PCA) was used to interpret factors in par-
ticular data sets. The Statistica 13 software (StatSoft, 2013) was
used for data analysis.

3. Results
3.1. Physical and chemical properties

The analysis of individual types of Histosols showed marked
differences in terms of the analysed physical and chemical prop-
erties. Histosols with natural peat-forming vegetation in the up-
per horizons had different pH levels depending on their trophic
status (Fibric Histosols: 3.70; Hemic Histosols: 4.20; Sapric His-
tosols: 5.82). As for Drainic Histosols the pH levels were highly
variable and averaged 3.87. As the trophic status of peat soils in-
creased, their acidity decreased (both for total acidity Ht and He).
In the case of Fibric Histosols the acidity was Ht: 139.77 cmol kg,
He: 17.62 cmol kg, in Hemic Histosols the acidity levels were
slightly lower (Ht: 125.82, He: 6.14 cmol kg) with the lowest acid-
ity levels recorded in Sapric Histosols (Ht: 32.55 cmol kg, Ha:
0.94 cmol kg?). The opposite was observed in terms of the con-
tent of exchangeable base cations. Their content was the lowest
in Fibric Histosols (317.65 mg kg™), followed by Hemic Histosols

203704

SOIL SCIENCE ANNUAL

(464.01 mg kg™) with the highest levels of exchangeable cations
found in Sapric Histosols (1533.79 mg kg™). The soil in the mur-
shic process exhibited a similar content of exchangeable cations
to Sapric Histosols (480.14 mg kg™). The content of Corg was simi-
lar in the majority of analysed Histosols (Fibric Histosols: 41.85%;
Hemic Histosols: 44.97%; Drainic Histosols: 43.28%). Hemic His-
tosols were an exception with a significantly lower content of
31.81%. Total N content was also similar in the analysed soil
types (Fibric Histosols: 1.26%; Hemic Histosols: 1.64%; Drainic
Histosols: 1.72%). Sapric Histosols had a significantly lower con-
tent of N compared to the other soil types. The C/N ratio ranged
from 15.29 for Sapric Histosols to 35.68 for Fibric Histosols. The
lowest C/N ratio was recorded in the Hemic Histosols (15.29).
The lowest mean P content was observed in Sapric Histosols
(7.26 mg kg) and the highest in Hemic Histosols (12.38 mg kg ).
The highest dehydrogenase activity was observed in the Hemic
Histosols (18.99 mgTFF/100cm?/24h). On average, the activity of
those enzymes in the O horizon of the peat soils was 3-4 times
lower (5.7 and 4.5 mgTFF/100cm?/24h respectively). In Drainic
Histosols there was a tendency for the activity of dehydrogenase
to be even lower (on average, 3.1 mgTFF/100cm?24h). The high-
est urease activity was observed in the Hemic Histosols (1.63
ug N-NH,/1cm®/1h). The activity of those enzymes was 5 times
lower in Drainic Histosols (on average, 0.30 ug N-NH,/1cm?1h).
The activity of urease in the O horizon was the lowest in Hemic
Histosols and Fibric Histosols (0.07 and 0.06 pug N-NH,/1cm?/1h re-
spectively) (Table 2). Sapric Histosols had a significantly highest
content of Mn compared to the other soil types (201.63 mg kg™).
The contents of other chemical elements did not differ signifi-
cantly in the soil types examined (Table 3). As for non-drained
Histosols, the calculated indicators of trophic status and acidity
increased with the increase in the trophic status of Histosols.

3.2. Ecological indicator values (EIV)

The lowest values were observed in study plots of vegetation
growing in Fibric Histosols (Tr: 2.5, R: 2.72). The indicators were
slightly higher in study plots of vegetation in Hemic Histosols
(Tr: 2.72, R: 2.94), and the highest values were recorded in Sapric
Histosols (Tr: 3.6, R: 3.83). The Tr and R values for study plots
of vegetation growing in Drainic Histosols were spread across
a broad range with mean values of 2.91 and 3.21 respectively.
In terms of the EIV of moisture (W) in study plots of vegetation
in Histosols with diverse trophic levels, the range of values was
similar and averaged from 3.92 to 4.21. There was a tendency for
the indicator concerning plants in Drainic Histosols to decrease
(mean value: 3.92), however, the difference was not statistically
significant compared to the W indicator concerning study plots
of naturally moist soils with no evidence of murshic process
(Fig. 2). The broadest range and the lowest mean value of the
floristic indicator of soil granulometric value (D) were observed
in the study plots of vegetation growing in Hemic Histosols. As
for the study plots of vegetation in Fibric Histosols and Sapric
Histosols, the range was narrower and the mean values slightly
higher (3.40 and 3.74 respectively). The lowest variation of the
D indicator was recorded for vegetation growing in Drainic His-
tosols, with a mean value of 3.66.
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3.3. Relationship between ecological indicator values
and chemical properties of soils

The statistical analyses demonstrated a positive correla-
tion between the EIV of trophic status (Tr) and acidity (R) and
the properties of the upper layers of the analysed Histosols and
Drainic Histosols. The indicators correlated positively with pH
H,0 and pH KCl, total N content, content of exchangeable Ca*
cations, urease and dehydrogenase activity (Table 4). In terms of
chemical elements, the indicators were found to correlate with
Mn content (Table 5). A negative correlation was found between

0
Drainic H. Fibric H. Hemic H. Sapric H.

5
Drainic H. Fibric H. Hemic H. Sapric H.

the indicators and Corg content, C/N ratio, total P content, He
and Ht. The soil granulometric value showed a positive correla-
tion with the activity of urease and a negative correlation with
C/N ratio, total P content and He. The analyses did not reveal any
significant correlations between the moisture indicator and the
parameters of the analysed soils (Table 4 and 5). The projection
of variables on a plane, clearly shows a strong correlation be-
tween the EIV of trophic status and acidity, while the proximity
of the vector assigned to Hemic Histosols indicates that this is
where the indicators reach the highest values. 42.18% of the var-
iance was explained by Factor 1 and 12.21% of the variance was

Table 4 Variable Trophy value Soil moisture Soil acidity Soil granulometric

Spefirr.na‘n’s .correlation CO?fficienF between value value value

ﬂOI.'ISth 1nc.hc.ators apd ‘S(.)ll chemical p.rop— Tr w R D

erties (statistically significant correlations

are bold - p <0.05%) pH H20 0.667* 0.252 0.705* 0.231
PHKC1 0.745* 0.289 0.769* 0.324
C -0.582* -0.010 -0.583* -0.241
N 0.623* 0.019 0.661* 0.271
C/N -0.788* -0.076 -0.821* -0.440*
Ca 0.738* 0.090 0.762* 0.354
K -0.308 -0.249 -0.346 -0.220
Mg 0.197 -0.040 0.247 -0.266
Na -0.248 -0.091 -0.275 -0.304
P -0.452* -0.210 -0.460* -0.503*
He -0.797* -0.221 -0.812* -0.366*
Ht -0.616* -0.230 -0.617* -0.151
4] 0.672* -0.061 0.681* 0.444*
DH 0.569* 0.095 0.504* 0.335
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Table 5

Variable Trophy value Soil moisture Soil acidity Soil granulometric
correlation coefficient between floristic value value value
cally signiicant corvelations are bold - Tr w R P
p <0.05% cd -0.183 0.150 -0.147 -0.221

Co 0.136 0.296 0.089 0.050

Cr -0.136 0.232 -0.155 -0.039

Cu 0.034 0.008 0.006 0.148

Mn 0.642* 0.260 0.670* 0.282

Ni -0.151 0.300 -0.184 -0.101

Pb -0.106 -0.284 -0.091 0.038

Zn 0.071 -0.112 0.120 0.140

Al 0.337 -0.092 0.339 0.236

Fe 0.313 -0.046 0.341 0.283

Mo -0.198 0.308 -0.212 -0.244

explained by Factor 2. The projection of variables demonstrates
the existence of relationships between the content of exchange-
able K* cations, He and C/N ratio. In Fibric Histosols the values
of those parameters were higher. The content of exchangeable
cations of Ca?, Mg*, Na*and pH levels were higher in the Hemic
Histosols (Fig. 5).

In terms of the mean stock of C in the analysed soils there
were no statistically significant differences. The greatest stock
was found in Drainic Histosols and Hemic Histosols (81.46 kg
m~? and 75.61 kg m?). The lowest mean stock of C was found
in Fibric Histosols at 50.66 kg m=. Hemic Histosols displayed
the highest mean stock of N (4.39 kg m), followed by Drainic

Histosols, Hemic Histosols and Fibric Histosols at 2.69 kg m?,
2.13 kg m?, 1.37 kg m-2respectively. The highest mean stock of
total P was found in the Hemic Histosols (150.58 g m?) and the
lowest in the Hemic Histosols (41.55 g m™) (Fig. 3). The high-
est mean stocks of exchangeable Ca and Mg were found in the
Hemic Histosols (5940.40 g m=2 and 206.04 g m™2). In terms of
calcium (Ca), its content was significantly different from the
stock of exchangeable Ca found in other soil types. The lowest
mean stocks of Ca and Mg were found in the Fibric Histosols
(578.27 g m~? and 85.47 g m?). The highest mean stock of K was
found in Drainic Histosols (247.66 g m2) and the lowest in the
Fibric Histosols at 123.12 g m2 (Fig. 4).
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a 5 200
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3 " B % T B 120 ap
b
£ 2 " 80 @] b b
20 1 40 A = Mean
0 Mean + SEM
0 1 Mean + SD

Drainic H. Fibric H. Hemic H. Sapric H.

Drainic H. Fibric H. Hemic H. Sapric H.

Drainic H. Fibric H. Hemic H. Sapric H.

Fig. 3. Average storage of C, N (kg m), total P (g m?) depending on the soil; C - carbon, N - nitrogen, P - total phosphorus
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Fig. 4. Average storage of Ca, Mg, K (g m™?) depending on the soil; Ca - calcium, Mg — magnesium, K — potassium
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Fig. 5. The projection of variables on a plane of the first and second PCA
factor; Tr - trophy value, W - soil moisture value, R - soil acidity value, D
- soil granulometric value, C — carbon content (%), N - nitrogen content (%)
, P —total phosphorus, Ca — calcium cation content, Mg — magnesium cation
content, K — potassium cation content, Na — sodium cation content, He — ex-
changeable acidity (cmol kg?)

4. Discussion
4.1. Physical and chemical properties

In our research, the EIVs of trophic status and acidity sta-
tus showed the strongest correlations with the properties of the
upper horizons of the analysed Histosols associated with their
trophic status. These parameters include, in particular, pH H,0
and pH KC, total N content and content of exchangeable cations
of Ca?. What this means is that these indicators could potentially
be used for vegetation differentiating and soil formations with
different trophic levels. This potential has already been dis-
cussed in earlier studies by Wieche¢ (2020), who conducted his
research in Czarna Rézga in central Poland, and Gaura (2022),
who conducted his research in the Gorce National Park (south-
ern Poland). In their research, they successfully distinguished
the studied vegetation areas with different trophic levels. In
both cases, the Tr and R indicators showed significant positive
correlations with soil pH, exchangeable Ca content, total content
of exchangeable cations, saturation of the complex with cations.
Concurrently, there was a significant negative correlation with
soil acidity, Corg content, C/N ratio and, interestingly, exchange-
able K content. Similar observations were made for the Histosols
and Drainic Histosols analysed in this study. A significant nega-
tive correlation was found between the two indicators and Corg
content, C/N ratio, total P content, He and Ht. Czerepko (2006)
reported similar findings. It points to the existence of a repeat-
able correlation between certain soil parameters and selected
EIVs. In Czerepko (2006) there was a significant positive correla-
tion between trophic and acidity and pH KCl, the content of ex-
changeable cations of calcium (Ca?") and magnesium (Mg?), and
iron (Fe), copper (Cu), zinc (Zn), manganese (Mn), nickel (Ni),
sulphur (S), phosphorus (P) content. A significant negative cor-
relation was found between the indicators of trophic status and
acidity, and C/N ratio, He, aluminium (Al) and lead (Pb) content.
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4.2. Ecological indicator values (EIV)

In this study no correlation was identified between the
moisture indicator and any parameters of the upper horizons
of the Histosols and Drainic Histosols under analysis. In addi-
tion, no significant difference was found in the EIV of moisture
between study plots Drainic Histosols and Histosols with active
peat formation. There was a tendency for lower mean values
of the W indicator, however, the degree of its variation was
so high that a statistically significant difference could not be
confirmed. It should be noted that the moisture indicator de-
termined on the basis of existing vegetation may fail to reach
the anticipated results, indicative of permanent drainage of
a specific peatland. A possible explanation for that could be
that depending on the degree of drainage and the rate of mur-
shic process, covered with or shadowed by trees, may contin-
ue to host specific plant species a long time after it is drained
(Koskinen et al., 2017; Lubinska-Mielinska et al., 2023). In the
aforementioned research of Wiechec¢ (2020) and Gaura (2022)
the authors analysed the potential of the EIV of moisture in
the evaluation of microhabitats with different moisture levels
within study plots of three different plant communities, and
in the distinction between separate formations of fertile beech
forests of the Carpathians. In both cases the results were posi-
tive. In Wieche¢ (2020) the floristic indicator of moisture was
closely linked with groundwater level and a number of param-
eters of the topsoil. In Gaura (2022) the indicator differenti-
ated formations of beech forests of the Carpathians with dif-
ferent water content. The EIV of moisture was also analysed
by Czerepko (2006). He confirmed the existence of correlations
with the content of Ca, Mn, Pb and groundwater level. How-
ever, these correlations were very weak. The fourth floristic
indicator, i.e. soil granulometric value, was not found to differ-
entiate study plots of vegetation growing in the Histosols and
the Drainic Histosols under analysis. It is not surprising that
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the soil granulometric value is not suitable for differentiating
various types of Histosols as the soils under examination have
characteristics of typical organic soils and the indicator catego-
ries (scale of 1 to 5) fail to consider any preferences in terms of
organic substrate (without mineral components). What may be
surprising here is the broad range of values obtained for study
plots of vegetation growing in Hemic Histosols. It suggests that
the plant communities found in these soils feature species with
high tolerance of soil substrate, which may grow in mineral
substrates and substrates rich in rock debris. As for plant com-
munities growing in Drainic Histosols, due to the presence of
grass species with greater tolerance in terms of substrate types
(grain parameters) it was reasonable to expect slightly differ-
ent results for this indicator. That, however, was not the case.
On the contrary, in this group the range of values of the soil
granulometric value indicator was very narrow (3.5-3.8) point-
ing to the dominance of species linked with mineral formations
from somewhere between sandy and clay formations.

4.3. Relationship between different soil types
and their chemical properties

Our research showed that the mean stock of carbon
throughout the entire soil profile up to the depth of 100 cm
may vary depending on the type of Histosols. Within the Fibric
Histosols and Hemic Histosols the mean stock was 55.66 and
52.34 kg m?respectively, whereas within the Hemic Histosols
it was 75.61 kg m2. The Drainic Histosols had the highest stock
of C at a mean level of 81.46 kg m=2. This may be due to the in-
tensity of peat dehydration. The highest the long-term lowering
of groundwater levels, the faster the release of carbon in the
form of carbon dioxide into the atmosphere from the topsoil
layers. The research by Kiryluk (2020) showed that as a result
of dehydration, the bulk density of the soil increases and in ad-
dition into a decrease in soil porosity and water capacity. The
dehydrated murshic layer can be decrease in thickness. How-
ever, the lower peat layers can still store significant amounts
of carbon (Kiryluk, 2014; Jarnuszewski, 2017). The Hemic His-
tosols held over twice as much N, total P and Ca compared to
the other examined soil types. The higher content of these ele-
ments within the Hemic Histosols may be due its origins. These
soils form within Sapric Histosols which rely on waters such as
rivers and lakes for their normal function and are fed by them.
The waters of rivers and lakes carry deposits rich in organic
and mineral matter and increase the trophic status of the soils,
e.g. when the water levels surge (Lemkowska, 2016; Solovey et
al.,, 2021; Watmough et al,, 2022). The research by Labeda and
Kondras (2020) showed that the mean stock of organic carbon
in agricultural soils was 55.53 Mg ha!, while in mineral forest
soils its content was higher at a mean level of 101.23 Mg ha.
Labeda and Kondras (2020) noted that the higher content of
organic carbon in the forest soils was the result of good forest
management and changes in growing practices, i.e. introduc-
tion of beech trees. Organic soils, which are the subject of this
study, accumulate significantly more Corg depending on the
depth of the O horizon, its structure, addition of mineral com-
ponents and the degree of compaction of the peat substance

Ecological indicator values in the identification of peatland soils

that determines the bulk density of organic horizons. Within
the deep Histosols of lowlands and highlands the mean stock
of Corg usually oscillates between 550 and 750 Mgha (Lasota
and Blonska, 2021).

5. Conclusions

The conducted analyses confirmed the possibility of using
EIV in determining soil conditions. Out of the analysed EIVs,
mainly trophic value (Tr) and soil acidity value (R), can be help-
ful in differentiating Fibric Histosols, Hemic Histosols, and Sa-
pric Histosols.

The EIV of moisture does not unequivocally differentiate
between study plots of vegetation growing in Drainic Histosols
formed as a result of drainage, and Histosols. However, there is
a tendency for the values to decrease, which may indicate deg-
radation and dehydration of the study plots.

The values of the soil granulometric value (D) are similar
for all types of Drainic Histosols and Histosols. Hence, it is not
possible to make any distinction between them. The values of
this indicator are the result of the specificity of Histosols.

Certainly the most effective in differentiating Histosols with
different trophic status levels were pH, content of exchangeable
calcium, exchangeable acidity and C/N ratio.

Out of the analysed types of Histosols, the highest potential
for the accumulation of C, N, total P, Ca, and Mg is exhibited by
the Sapric Histosols.

Acknowledgments

This study was supported by the Polish-Norwegian Research
Fund (PNRF-2717/7/11) and by a subvention from the Ministry
of Science and Higher Education of the Republic of Poland for
the University of Agriculture in Krakow for 2024 (SUB/040012/
DO019).

Conflict of interest

The authors declare no conflict of interest. The authors
declare that they have no known competing financial interests
or personal relationships that could have appeared to influence
the work reported in this paper. This research did not involve
human or animal subjects.

Author Contributions

Andrzej Szlachta - Data curation, Investigation, Visu-
alization, Writing — original draft, Writing — review & editing).
Jaroslaw Lasota — Conceptualization, Data curation, Funding
acquisition, Investigation, Methodology, Supervision, Valida-
tion, Writing — original draft, Writing — review & editing. Ewa
Blonska - Conceptualization, Data curation, Funding acquisi-
tion, Investigation, Methodology, Supervision, Validation, Writ-
ing - original draft, Writing — review & editing.

All authors read and approved the final manuscript.

203704



Szlachta et al.

References

Alderson, D.M., Evans, M.G., Shuttleworth, E.L., Pilkington, M., Spencer, T.,
Walker, J., Allott, T.E., 2019. Trajectories of ecosystem change in re-
stored blanket peatlands. Science of the Total Environment 665,
785-796. https://doi.org/10.1016/j.scitotenv.2019.02.095

Alef, K., Nannipieri. P,, 1995. Enzyme activities. In: Nannipieri P, Alef K
(eds.) Methods in applied soil microbiology and biochemistry. Aca-
demic Press, London, 311-375.

Andersen, R., Grasset, L., Thormann, M.N., Rochefort, L., Francez, A].,
2010. Changes in microbial community structure and function fol-
lowing Sphagnum peatland restoration. Soil Biology and Biochemis-
try 42(2), 291-301. https://doi.org/10.1016/j.s0ilbio.2009.11.006

Braun-Blanquet, J., 1964. Pflanzensoziologie. Grundziige der Vegetation-
skunde 3. Aufl. Springer, Wien-New York.

Czerepko, J., 2006. Analiza zwigzkdéw miedzy roslinnoscia a cechami eda-
ficznymi siedliska za pomocg modeli porzgdkowania (An analysis of
the relationships between vegetation and site’s edaphis features by
the ordination models). Lesne Prace Badawcze 3, 7-31. (in Polish)

Dengler, J., et al., 2023. Ecological Indicator Values for Europe (EIVE) 1.0.
Vegetation Classification and Survey 4, 7-29. https://doi.org/10.3897/
VCS.98324

Ellenberg, H., Weber, H.E., Dill, R., Wirth, V., Werner, W., Paulifen, D.,
1992. Zeigerwerte von pflanzen in Mitteleuropa. E. Goltze.

Gaura, G., 2022. Zmienno$¢ warunkéw siedliskowych w zréznicowanych
troficznie wariantach buczyny karpackiej na terenie Gorczanskiego
Parku Narodowego (Variability of forest sites conditions in trophical-
ly diverse variants of the Carpathian beech forest in the Gorce Na-
tional Park). Rozprawa doktorska. Katedra Ekologii i Hodowli Lasu.
Uniwersytet Rolniczy w Krakowie. Maszynopis, 1-182. (in Polish)

Glina, B., Bogacz, A., WoZniczka, P., 2016a. Nitrogen mineralization in for-
estry-drained peatland soils in the Stolowe Mountains National Park
(Central Sudetes Mts). Soil Science Annual 67(2), 65-73. https://doi.
org/10.1515/ssa-2016-0009

Glina, B., Gajewski, P, Kaczmarek, Z., Owczarzak, W., Rybczynski, P..
2016b. Current state of peatland soils as an effect of long-term drain-
age-preliminary results of peatland ecosystems investigation in the
Grojecka Valley (central Poland). Soil Science Annual 67(1), 3-9.
https://doi.org/10.1515/ssa-2016-0001

Grzybowski, M., Gliniska-Lewczuk, K., 2020. The principal threats to the
peatlands habitats, in the continental bioregion of Central Europe —
A case study of peatland conservation in Poland. Journal for Nature
Conservation53,125778,1-12.https://doi.org/10.1016/j.jnc.2019.125778

Harenda, K.M., Lamentowicz, M., Samson, M., Chojnicki, B.H., 2018. The
role of peatlands and their carbon storage function in the context of
climate change. Interdisciplinary approaches for sustainable devel-
opment goals: Economic growth, social inclusion and environmental
protection, 169-187. https://doi.org/10.1007/978-3-319-71788-3_12

Humpendder, F., Karstens, K., Lotze-Campen, H., Leifeld, J., Menichetti,
L., Barthelmes, A., Popp, A., 2020. Peatland protection and restoration
are key for climate change mitigation. Environmental Research Let-
ters 15(10), 104093, 1-12. https://doi.org/10.1088/1748-9326/abae2a

TUSS Working Group WRB, 2022. World Reference Base for Soil Resourc-
es. International Soil Classification System for Naming Soils and Cre-
ating Legends for Soil Maps. 4th edition. International Union of Soil
Sciences (IUSS), Vienna, Austria.

Jarnuszewski, G., 2017. Some physical properties of mursh developed on
limnic limestones in NW Poland. Soil Science Annual 68(3), 132-139.
https://doi.org/10.1515/ssa-2017-0016

Kabala, C. et al., 2019. Polish Soil Classification, 6 edition — Principles,
classification scheme and correlations. Soil Science Annual 70, 71-97.
https://doi.org/10.2478/ssa-2019-0009

Karpinska-Kotaczek, M., Kotaczek, P., Czerwinski, S., Gatka, M., Guzowski,
P, Lamentowicz, M., 2022. Anthropocene history of rich fen acidi-
fication in W Poland - Causes and indicators of change. Science of

10

203704

SOIL SCIENCE ANNUAL

the Total Environment 838, 155785, 1-14. https://doi.org/10.1016/
j.scitotenv.2022.155785

Kedzior, R., Zarzycki, J., Zajac, E., 2022. Raised bog biodiversity loss:
A case-study of ground beetles (Coleoptera, Carabidae) as indicators
of ecosystem degradation after peat mining. Land Degradation De-
velopment 33(17), 3511-3522. https://doi.org/10.1002/1dr.4404

Kilpeldinen, J., Peltoniemi, K., Ojanen, P, Mdkiranta, P., Adamczyk, S.,
Domisch, T., Adamczyk, B., 2023. Waterlogging may reduce chemical
soil C stabilization in forested peatlands. Soil Biology and Biochemis-
try 187, 109229, 1-12. https://doi.org/10.1016/j.s0ilbio.2023.109229

Kiryluk, A., 2014. Wplyw odwodnienia na fizyko-wodne wlasciwosci gleb
pobagiennych na obiekcie lgkarskim w dolinie rzeki Suprasl (Influ-
ence of drainage on physical-water properties of post-bog soils on the
meadow object in valley river Supra$l). Inzynieria Ekologiczna 38,
26-34. (in Polish)

Kiryluk, A., 2020. Transformation of fen peat soils as the result of drain-
age and agricultural use in the Suprasl Dolna site, NE Poland. Soil
Science Annual 71(1), 86-92. https://doi.org/10.37501/soilsa/121496

Koskinen, M., Tahvanainen, T., Sarkkola, S., Menberu, M.W., Laurén, A.,
Sallantaus, T., Nieminen, M., 2017. Restoration of nutrient-rich for-
estry-drained peatlands poses a risk for high exports of dissolved
organic carbon, nitrogen, and phosphorus. Science of the Total Envi-
ronment 586, 858-869. https://doi.org/10.1016/j.scitotenv.2017.02.065

Lasota, J., Bloniska, E., 2021. C:N:P stoichiometry as an indicator of His-
tosol drainage in lowland and mountain forest ecosystems. Forest
Ecosystems 8, 39, 1-10. https://doi.org/10.1186/s40663-021-00319-7

Leifeld, J., Menichetti, L., 2018. The underappreciated potential of peat-
lands in global climate change mitigation strategies. Nature Commu-
nications 9(1), 1071, 1-7. https://doi.org/10.1038/s41467-018-03406-6

Lemkowska, B., 2016. Zréznicowanie podioza torfowisk niskich Pojezie-
rza Mragowskiego na tle plejstocenskiej morfogenezy terenu (Diffe-
rentiation of fen bedrock in the Mragowo Lakeland (NE Poland) in
relation to Pleistocene terrain morphogenesis). Soil Science Annu-
al 67(2), 57-63. (in Polish) https://doi.org/10.1515/ssa-2016-0008

Lubinska-Mielinska, S., Kacki, Z., Kaminski, D., Petillon, ]J., Evers, C.,
Piernik, A., 2023. Vegetation of temperate inland salt-marshes re-
flects local environmental conditions. Science of the Total Environ-
ment 856, 159015, 1-4. https://doi.org/10.1016/j.scitotenv.2022.159015

Labeda, D., Kondras, M., 2020. Influence of forest management on soil
organic carbon stocks. Soil Science Annual 71(2), 165-173. https://doi.
org/10.37501/soilsa/123321

Lachacz, A., Kalisz, B., Sowinski, P.,, Smreczak, B., NiedZzwiecki, J., 2023.
Transformation of organic soils due to artificial drainage and ag-
ricultural use in Poland. Agriculture 13(3), 634, 1-20. https://doi.
org/10.3390/agriculture13030634

Makrickas, E., Manton, M., Angelstam, P., Grygoruk, M., 2023. Trading wood
for water and carbon in peatland forests? Rewetting is worth more
than wood production. Journal of Environmental Management 341,
117952, 1-14. https://doi.org/10.1016/j.jenvman.2023.117952

Marschner, P, Yang, C.H., Lieberei, R, Crowley, D.E., 2001. Soil and
plant specific effects on bacterial community composition in the
rhizosphere. Soil Biology and Biochemistry 33(11), 1437-1445.
https://doi.org/10.1016/S0038-0717(01)00052-9

Matuszkiewicz W., 2007, Przewodnik do oznaczania zbiorowisk roslin-
nych Polski. Wydawnictwo Naukowe PWN, Warszawa. (in Polish)

Mencel, J., Klarzynska, A., Piernik, A., Mocek-Pléciniak, A., 2024. Differ-
entiation of grassland vegetation in relation to the physicochemical
properties of peat soils in the Obra River valley, western Poland.
Soil Science Annual 75(2), 190113, 1-17. https://doi.org/10.37501/s0il-
sa/190113

Monteverde, S., Healy, M.G., O’Leary, D., Daly, E., Callery, O., 2022. Man-
agement and rehabilitation of peatlands: The role of water chemis-
try, hydrology, policy, and emerging monitoring methods to ensure
informed decision making. Ecological Informatics 69, 101638, 1-11.
https://doi.org/10.1016/j.ecoinf.2022.101638



SOIL SCIENCE ANNUAL

Mpamah, P.A., Taipale, S., Rissanen, A.]., Biasi, C., Nykénen, H.K., 2017.
The impact of long-term water level draw-down on microbial bio-
mass: a comparative study from two peatland sites with different nu-
trient status. European Journal of Soil Biology 80, 59-68. https://doi.
0rg/10.1016/j.ejsobi.2017.04.005

Nieminen, M., Sarkkola, S., Tolvanen, A., Tervahauta, A., Saarimaa, M.,
Sallantaus, T., 2020. Water quality management dilemma: Increased
nutrient, carbon, and heavy metal exports from forestry-drained
peatlands restored for use as wetland buffer areas. Forest Ecol-
ogy and Management 465, 118089, 1-9. https://doi.org/10.1016/
j.foreco.2020.118089

Ostrowska, A., Gawlinski, S., Szczubialka, Z., 1991. Metody analizy
i oceny wlasciwosci gleb i roslin (Methods of analysis and assess-
ment of soil and plant properties). Environmental Protection Insti-
tute, Warszawa. (in Polish)

Peltoniemi, K., Fritze, H., Laiho, R., 2009. Response of fungal and actino-
bacterial communities to water-level drawdown in boreal peatland
sites. Soil Biology and Biochemistry 41(9), 1902-1914. https://doi.
0rg/10.1016/j.s0ilbio.2009.06.018

Pinsonneault, A.J., Moore, T.R., Roulet, N.T., 2016. Temperature the domi-
nant control on the enzyme-latch across a range of temperate peat-
land types. Soil Biology and Biochemistry 97, 121-130. https://doi.
0rg/10.1016/j.s0ilbio.2016.03.006

Renou-Wilson, F., Moser, G., Fallon, D., Farrell, C.A., Miiller, C., Wilson,
D., 2019. Rewetting degraded peatlands for climate and biodiversity
benefits: Results from two raised bogs. Ecological Engineering 127,
547-560. https://doi.org/10.1016/j.ecoleng.2018.02.014

Slawski, M., Stebel, A., Stawska, M., 2022. Spontaneous regeneration of
Collembola assemblages in a raised bog after human-induced distur-
bance. Applied Soil Ecology 169, 104233, 1-9. https://doi.org/10.1016/
j.apsoil.2021.104233

Slowinska, S., Stowinski, M., Marcisz, K., Lamentowicz, M., 2022. Long-
term microclimate study of a peatland in Central Europe to under-
stand microrefugia. International Journal of Biometeorology 66(4),
817-832. https://doi.org/10.1007/s00484-022-02240-2

Ecological indicator values in the identification of peatland soils

Solovey, T., Wojewddka-Przyby}l, M., Janica, R., 2021. Hydrochemical in-
dicators of water source and contamination in sapric Histosol lands
of varying hydrogeomorphic settings in northern and central Po-
land. Ecological Indicators 129, 107944, 1-15. https://doi.org/10.1016/
j.ecolind.2021.107944

Sun, H., Terhonen, E., Kovalchuk, A., Tuovila, H., Chen, H., Oghenekaro,
A.0., Asiegbu, F.O., 2016. Dominant tree species and soil type affect
the fungal community structure in a boreal peatland forest. Applied
and Environmental Microbiology 82(9), 2632-2643. https://doi.
org/10.1128/AEM.03858-15

Swindles, G.T., Morris, PJ., Mullan, D.J., Payne, RJ., Roland, TP,
Amesbury, M.J., Warner, B., 2019. Widespread drying of European
peatlands in recent centuries. Nature Geoscience 12(11), 922-928.
https://doi.org/10.1038/s41561-019-0462-z

Staszel-Szlachta, K., Lasota, J., Szlachta, A., Blonska, E., 2024. The impact
of root systems and their exudates in different tree species on soil
properties and microorganisms in a temperate forest ecosystem. BMC
Plant Biology 24(1), 1-15. https://doi.org/10.1186/s12870-024-04724-2

Szuminska, D., Czapiewski, S., Sewerniak, P., 2023. Natural and anthro-
pogenic factors influencing changes in peatland management in
Poland. Regional Environmental Change 23(1), 5, 1-20. https://doi.
0rg/10.1007/s10113-022-02001-2

Watmough, S., Gilbert-Parkes, S., Basiliko, N., Lamit, L.J., Lilleskov, E.A.,,
Andersen, R., Zahn, G., 2022. Variation in carbon and nitrogen con-
centrations among peatland categories at the global scale. Public
Library of Science one 17(11), 0275149, 1-10. https://doi.org/10.1371/
journal.pone.0275149

Wieche¢ M., 2020. Wasciwosci gleb zréznicowanych mikrosiedlisk w wy-
branych biogeocenozach rezerwatu Czarna Rézga (Properties of so-
ils of diverse microhabitats in selected biogeocenoses of the Czarna
Gora reserve). Praca doktorska. Katedra Ekologii i Hodowli Lasu. Uni-
wersytet Rolniczy w Krakowie. Maszynopis, 1-146. (in Polish)

Zarzycki, K., Trzcinska-Tacik, H., R6zanski, W., Szalag, Z., Wolek, J., Korze-
niak, U., 2002. Ecological indicator values of vascular plants of vascu-
lar plants of Poland. Biodiversity of Poland (Poland), 2.

Wskazniki ekologiczne w identyfikacji gleb torfowych

Slowa kluczowe Streszczenie
Wiasciwosci gleb
Torfowisko

Zmiany klimatyczne
Zapas wegla

Celem naszych badan bylto okreslenie, w jaki sposéb wskazniki ekologiczne (W — wskaznik wil-
gotnosci gleby; Tr — wskaznik trofizmu; R — wskaznik kwasowosci gleby; D — wskaznik granulome-
tryczny) moga pomoéc w identyfikacji gleb torfowych. W naszych badaniach powiazali$my wskaz-
niki ekologiczne z réznymi wiasciwosciami fizykochemicznymi gleb torfowych. Powierzchnie

badawcze zalozono na wybranych torfowiskach na terenie calej Polski, ktére charakteryzowaty
sie obecnodcia torfu. Na kazdym poletku wykonano spis florystyczny metoda Brauna-Blanqueta.
Na tej podstawie dla kazdej powierzchni badawczej obliczono wskazniki ekologiczne. W prébkach
gleby oznaczono podstawowe wiasciwosci fizykochemiczne, takie jak zawarto$¢ wegla i azotu,
PH, kwasowo$¢ hydrolityczng oraz zawarto$¢ kationdw zasadowych. Oznaczono takze aktywnos¢
ureazy i dehydrogenazy. Ekologiczne wskazniki trofizmu i kwasowosci charakteryzowaly sie do-
datnig, istotng statystycznie korelacjg pomiedzy nastgpujgcymi cechami gleby: pH H,O i pH KCl,
zawartoscia N, zawarto$cia Ca*, aktywno$cia ureazy i dehydrogenazy oraz zawartos$cig Mn. Dla
obu wskaznikéw stwierdzono istotna statystycznie ujemna korelacje w przypadku zawartosci C,
stosunku C/N, zawarto$ci P, kwasowo$ci wymiennej i kwasowosci hydrolitycznej. Obliczono takze
zawarto$¢ C, N, P, Ca, Mg, K. Najwyzszg zawarto$¢ Ca stwierdzono w glebach torfowych torfowisk
niskich. Najwyzsze $rednie warto$ci wskaznikéw ekologicznych odnotowano w glebach torfowych
torfowisk niskich, a najnizsze w glebach torfowych torfowisk przej$ciowych. Nasze badania po-
kazuja, ze wskazniki ekologiczne moga by¢ pomocne w identyfikacji gleb torfowych. Wskazniki
ekologiczne moga by¢ przydatne do oceny warunkéw $rodowiskowych i stopnia degradacji gleb

torfowych.
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