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Abstract Peatlands are unique ecological communities that represent long-term terres-
trial carbon sinks with enormous organic substance supply. Soil organic substance
represents the main source of organic carbon in the biosphere, and depending of
conditions, it is able to eliminate or sequestrate greenhouse gasses in the environment.
Current methods of peatbogs assessment rely on the use of ecological indicators, but
often lack an in-depth analysis of soil parameters. The objective of this study was to
examine vertical profiles of selected soil properties (soil reaction, soil organic carbon
content, soil moisture) and various types of microbial activity (soil basal respiration,
microbial biomass carbon, activity of soil urease, phosphatases and catalase). Soil
samples were collected from three sites (centre of peatbog, edge of peatbog and site
closely surrounding peatbog) on the peat soil at three depth intervals (0–0.10 m,
0.10–0.20 m and 0.20–0.30 m) in northeast of Slovakia. Enzyme and microbial
activities decreased with depth, but significant correlation was found with alkaline
phosphatase. Average values of most soil biochemical indices were highest at the
centre of peatbog with the exception of urease and catalase activity. Our results
indicated that enzymatic and biological potential for organic matter mineralization
was strongly correlated to soil pH, soil moisture and soil organic matter content.
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1 Introduction

Peatlands are one of few long-term terrestrial carbon sinks that play an important role in
maintaining water and soil quality. These ecosystems, together with wetlands are highly
endangered by consequences of recent climatic processes and anthropogenic influence
(Kovács 2013). The interest on the function of peat soils in global carbon turnover has
increased due to the threat of global climatic change and studies of sinks and sources for
CO2 and other trace gases relevant for climatic effects (Brake et al. 1999; Golovchenko et al.
2007). Agricultural use of peat soils employs extensive drainage and leads to subsidence of
such land, and is the primary cause of degradation and loss of peat resources. Flora, the activity
of microorganisms and thermal conditions affect conditions in peat soils. Microorganisms
together with flora specify the direction and nature of biochemical processes. Soil microbiota
predominantly manage carbon and nitrogen organic fluxes (Chen et al. 2014; Tsolova et al.
2014), where soil enzymes are associated with microorganisms and their activity in soil plays
an important role in catalysing reactions indispensable in life processes of soil microorganisms,
decomposition of organic residues, circulation of nutrients as well as forming organic matter
and soil structure (Sinsabaugh et al. 1994). Generally, evaluation of microbial parameters in
the soil ecosystems is considered to be the best indicator of soil quality that leads to all soil
property changes, and thus, early detection of soil degradation (Macci et al. 2012; Romaniuk
et al. 2011). The stability of the carbon stock contained in peatlands has recently been
questioned and several studies suggest that loss of carbon from soil ecosystems contribute
significantly to CO2 emissions. Field experiments show that CO2 loss and soil microbial
activity in peat soils is seasonal and strongly depends on environmental factors such as
temperature, soil water content, peat type (i.e., organic carbon availability) and depth of soil
horizon (Bellamy et al. 2005; Kechavarzi et al. 2010). The living and the most active portion in
the soil ecosystems are microbes that are responsible for transformation and nutrient storage. In
general, peatbogs are thick, and therefore, it is important to understand nutrients and energy
flows, and their relationships with microbial activity both in shallower and deeper layers
(Senga et al. 2011). Soil organic carbon, respiration rate, microbial biomass content and soil
enzymatic activities are among the parameters whose sensitively influences biochemical
processes in the soil ecosystem, and therefore, are used in many studies (Brookes 1995;
Gavrilenko et al. 2011). Peat soil is understood to be the upper, most active layer of peatbog,
in which the roots of recent plants are found, and which is above the long-term average annual
level of the groundwater. However, it is difficult to apply the data widely because the organic
matter of peat soils in climatic regions varies in composition due to variations in the initial
substrate and in the conditions of microbial decomposition (Brake et al. 1999).

This work considers differences in soil properties due to vertical profile and different
sampling sites. Our study, therefore, had two goals: (1) to assess the relationships between
soil microbial indices and some physical and chemical properties; and (2) to investigate
activity of soil microbial community from the surface to the deeper layers by examining
vertical profiles of peat soil in the investigated area.

2 Materials and Methods

The study was carried out on the peatland in the region of north-eastern Slovakia in Liptovská
Teplička (48°57.83′ N; 20°06.24′ E). The area of Liptovská Teplička is situated in the Low
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Tatras National Park at an altitude ranging from 846 to 1492 m a.s.l.. Climatically, the area is
situated in the mild cold zone with an average temperature during the period of vegetation
growth (i.e., months IV to IX) 10–12 °C and an average annual precipitation of 700–1200 mm
(Fazekašová et al. 2013). Samples for determination of chosen soil properties were taken in
spring time at two sites from peat soil (centre of peatbog and edge of peatbog), and one site
that closely surrounded our observed peatbog from different depths (0–0.10 m, 0.10–0.20 m
and 0.20–0.30 m). Soil samples were air dried, sieved (sieve with 2 mm size opening),
homogenized prior to analyzing of measured soil properties and soil enzyme activity. Soil
pH was determined by the potentiometric method in 0.01 M CaCl2 solution. Organic carbon
content was determined by the Tiurin’s method (Fiala et al. 1999) and soil moisture was
determined by drying soil samples in the oven at 105 °C until constant weight. Activity of acid
and alkaline phosphatase was determined according to Grejtovský (1991) and urease activity
according to Khaziev (1976). Activity of phosphatases were colorimetrically determined as a
phenol release after the incubation of soil samples with phenyl phosphate solution and acetate
buffer (for acid phosphatase), or borate buffer (for alkaline phosphatase) for 3 h at 37 °C.
Phenol release was provided by spectrophotometer at 510 nm. Activity of soil urease was
colorimetrically determined as an ammonia release after the incubation of soil samples with
urea solution for 24 h at 37 °C. Ammonium determination was carried out by spectropho-
tometer at 410 nm. Basal respiration, soil microbial biomass carbon and activity of soil catalase
were performed on freshly collected soil samples sieved through 2 mm mesh size. Soil basal
respiration was measured as the amount of carbon dioxide released from 50 g of fresh soil at
25 °C for an incubation period of 24 h which was absorbed in 25 mL 0.05 N NaOH. The
amount of carbonate was determined by the titration with 0.05 N HCl after precipitation of
carbonates by 5 mL of 0.5 N BaCl2 (Isermeyer 1962, in Alef and Nanniperi 1995). Soil
microbial biomass carbon was determined using the microwave irradiation method according
to Islam and Weil (1998). 10 g oven-dried equivalent (ODE) of field moist soil adjusted to
80 °C water-filled porosity was irradiated twice by microwave (MW) energy at 400 J g−1 ODE
soil to kill the microorganisms. The time settings and MWoven power depended on the total
amount of soil in the MW oven. After cooling, soil samples were extracted with 25 mL of
0.5 M K2SO4 and carbon content in the extract was quantified by the oxidation with K2Cr2O7/
H2SO4, measuring the absorption at 590 nm using a spectrophotometer. The same procedure
was done with a non-irradiated sample. The microbial biomass carbon was then calculated as
Cmic=(Cirradiated−Cnon-irradiated)/KME, whereby Islam and Weil (1998) recommended the extrac-
tion efficiency factor KME=0.213. Activity of soil catalase was measured 10 min after adding
20 mL of 3 % H2O2 was added to 10 g of fresh soil sample based on the volume of discharged
oxygen, compared to the respective sample where microbial activity was suppressed by
overheating at 180 °C, to account for H2O2 dissociation caused by soil Fe and Mn oxides
(Khaziev 1976).

Obtained data were tested by mathematical-statistical methods from which regression
analysis was used (the Statgraphic software package).

3 Results and Discussion

Generally, the pH of peat soils is very low and could vary between 2.7 up to 7.0 (Brake et al.
1999; Grodnitskaya et al. 2013), but our study found a slight tendency of pH to be higher at
our sites and varied between 6.5 and 7.0 on peat soil and 7.2 on the surroundings site (Table 1).
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Lower soil reaction was found in the centre of peatbog at deeper profiles. Content of organic
carbon ranged from 3.16 to 29.41 % and the highest amount of this parameter was measured in
the centre of peatbog, where its value increased with depth (Table 1). These sites are
considered to be the most active in synthesis and decomposition of organic matter, and
microbial activity is at high level. A similar trend was observed with soil moisture content
and these three parameters had a significant effect on many other soil biological parameters,
which is confirmed by several studies (Brockett et al. 2012; Duguma et al. 2010; Speir et al.
2003). Generally, many authors studied soil microbial activity in terms of depth of soil profiles.
They found that microbial parameters decrease with the soil depth (Brake et al. 1999; Raiesi
and Riahi 2014; Senga et al. 2011; Speir et al. 2003), which was also shown in our study.
Activity of soil enzymes at the two peat sites and the site that surrounded the peat soil was
higher in the shallower layers. Enzymes in the soil ecosystem might be produced by micro-
organisms and also by higher-order plants. High activity of enzymes in surface layers may be a
result of the presence of higher plant roots. The relationship between soil microbial enzyme
activities and humic substances, or other soil parameters, has not yet been fully clarified. Soil
enzyme activity levels are indicators of microbial status and soil health, and can be useful in
predicting the impact that nutrient loading has on ecosystems, such as peatbogs, wetlands or
aquatic ecosystems (Prenger and Reddy 2004; Sardans et al. 2008). Soil phosphatases play a
very important role in the mineralisation processes of organic phosphate substrates and in
catalysing decomposition of organic phosphorus. They differ in pH that is influenced by many
factors, and thus, are recognized as acidic and alkaline phosphatases (Kumar et al. 2011).
Activity of acidic and alkaline phosphatases were highest at the site that was located in the
centre of the peatbog, but surprisingly, the activity of urease and catalase showed highest
values at the site which surrounds the peatland (Table 1). The most extended enzyme in
microbial, plant and animal cells is urease that is very stable and catalyses the urea hydrolysis.
Bandick and Dick (1999) showed that high content of soil urease could be mainly caused by
high organic carbon content that protects microbial biomass and by other physico-chemical
properties (Fazekašová et al. 2012; Moreno et al. 2001). In our study, the activity of soil urease
was lower in the peat soil than at sites surrounding the peatbog. This could be due to the high
soil moisture content in the peat soil which, according to several authors, rapidly decreases
microbial activity in the soil ecosystem (Brockett et al. 2012). A similar trend was observed

Table 1 Characteristics of peat soil in studied sites

Site Depth pH Mois Cox Ure ACP ALP Cat Cres Cmic

Centre of peatbog 0.0–0.10 m 6.9 35.3 20.28 0.25 465.26 348.56 1.34 255.59 720.82

0.10–0.20 m 6.5 44.5 25.55 0.21 452.06 320.68 1.12 213.18 853.62

0.20–0.30 m 6.6 49.7 29.41 0.12 384.99 302.56 0.55 206.99 834.66

Edge of peatbog 0.0–0.10 m 6.8 21.4 11.19 0.29 288.48 343.71 1.36 192.72 531.22

0.10–0.20 m 7.0 15.9 12.78 0.17 436.22 431.93 1.40 178.33 417.32

0.20–0.30 m 6.9 16.1 11.56 0.09 256.53 210.97 0.49 148.92 397.82

Site surrounding peatbog 0.10–0.20 m 7.2 12.7 3.22 0.49 325.41 341.10 2.41 136.13 341.44

0.20–0.30 m 7.2 11.2 3.16 0.37 321.98 337.30 1.51 139.87 341.44

Moisture (Mois) [%], Organic carbon content (Cox) [%], Urease activity (Ure) [mg NH4
+ -N g−1 d−1 ], Acid

phosphatase activity (ACP) [mg P g−1 3 h−1 ], Alkaline phosphatase activity (ALP) [mg P g−1 3 h−1 ], Catalase
activity (Cat) [mL O2 g min−1 ], Basal respiration (Cres) [μg CO2 g h

−1 ], Microbial biomass carbon (Cmic) [μg C
g−1 ]
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with the catalase activity that decomposes hydrogen peroxide and it reflects the biochemical
activity in soil (Gömöryová 2004). Literature data point out that among soil physical and
chemical properties, the strongest connections with enzymatic activity are indicated by organic
carbon and nitrogen contents (Dick et al. 1996). Bielińska et al. (2003) and Blońska (2010)
showed high microbial activity in bog soils, which was also proven in our study. This was
associated by the authors to the content of organic carbon, total nitrogen and phosphate. Soil
respiration is considered to be a well-established parameter for monitoring decomposition in
the soil, but it is highly variable and can fluctuate widely depending on substrate availability,
organic matter and moisture content (Truu et al. 2009), which agreed with our findings. Soil
respiration reflects the overall biological activity and rates of mineralization processes. The
obtained soil basal respiration rate at the different sites on our peat soil is shown in Table 1.
Carbon mineralization is highly sensitive to temperature and moisture changes and gives this
parameter variable rates between the seasons (Gömöryová 2004; Zhang et al. 2009). In the
peat soil, the respiration rate decreased with increasing soil moisture. Excess of soil water
prevents gas exchange, reduces oxygen content in the soil air that makes anaerobic conditions
for microscopic fungi, actinobacteria and aerobic bacteria (Fuhrer 2003). This parameter
shows the highest values on the site which is localized at the centre of peatbog, where carbon
mineralization is very fast and decreases with increasing depth. These results agree to those of
other authors (Maková et al. 2011; Klose et al. 2004), and from various types of ecosystems.

The similar trend was observed after determination of soil microbial biomass carbon and
these findings were alike to those of Kechavarzi et al. (2010). Soil microbial biomass is
primary factor responsible for the soil ecosystem decomposition of organic matter, nutrient
transformation and energy flow. Similar to soil respiration, it is very variable to changes in the
environment and thus these two parameters are considered for soil quality and health evalu-
ation (Dick et al. 1996; Macci et al. 2012). Because of the moisture and high organic carbon
content of peatbogs, these soils provide a unique and variable environment for microorgan-
isms; despite this fact, the soil microbial activity is very high. The high organic matter content
of these soils results from the accumulation of partially decayed plant and animal remains
under waterlogged conditions (Robert and Tate 1980).

A correlation analysis identified significant relationships between several soil parameters
(Table 2). Soil moisture was positively correlated with soil organic matter, microbial biomass
and soil respiration. In contrast, soil moisture was negatively correlated with soil pH and
catalase activity. The study by Rokosch et al. (2009) showed negative correlation with other
enzymatic activities. However, Miralles et al. (2012) showed a positive correlation between
soil moisture and many enzymatic activities that was not seen in our study. This finding
presents the need for studying soil parameters and their relationship in the soil ecosystem. It is
not surprising that soil moisture is correlated with many of the soil parameters we measured
because of influence on the accumulation and cycle of soil organic matter. Anaerobic
conditions occur under saturated conditions, and by limiting microbial decomposition, they
enhance organic matter and organic accumulation. Tate and Terry (1980) studied soil microbial
activity in histosols and found correlation between enzymatic activity and soil moisture, and
concluded that moisture could be a limiting factor for microbial activity. Soil biological indices
were positively correlated with soil organic carbon, while they were only negatively correlated
with soil reaction measured in this study. Similar findings by other authors (Gömöryová et al.
2009; Maková et al. 2011) showed a very close relationship between chemical and biological
soil parameters. Wide variations in the values of soil pH cause changes in physical and
chemical soil properties, and thus, significantly influence microbial carbon and mineralization
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of soil organic matter. The most significant impact on soil microbial indicators, except soil
moisture, has the organic carbon content (Duguma et al. 2010; Gavrilenko et al. 2011; Raiesi
and Riahi 2014), something also seen in our study. The same authors showed that the high
correlation coefficient between soil organic carbon and soil enzymatic activity confirms the
stability of enzymes mediated by organic matter in soils. Nowadays, there is an ongoing
discussion about correlations between soil urease activity and other parameters of biological
activity in soil ecosystem. Alef and Nannipieri (1995) and Miralles et al. (2012) found a close
correlation of soil urease with soil respiration and microbial biomass carbon, which was also
observed in our study; however, other authors have not observed this (Klose et al. 2004). There
was a positive correlation between urease and catalase activity, but on the other hand, depth of
soil profile negatively correlated only with one soil enzyme (alkaline phosphatase). In
terrestrial ecosystems, some of biological soil parameters have proven to be reliable indicators
of soil health and quality, and can be considered as early indicators of changes in soil
properties due to land management. In these systems, soil microbial biomass, carbon
mineralisation and enzyme activity often decrease as a result of anthropogenic disturbances
(Gil-Sotres et al. 2005). These biological and microbial indices are generally positively
correlated with soil organic matter, something also observed in our study. Positive correlation
between phosphatases and soil reaction shows increasing microbial populations, because these
enzymes are not produced by plant roots (Javoreková et al. 2011).

4 Conclusions

It is very important to monitor soil biological parameters at different soil profiles, which
present an objective overview about soil status, health and quality, and a way to find out the
distribution of microbial communities and their relationship to other soil parameters. There
was a clear depth effect on soil properties, but statistically significant effect was found on
alkaline phosphatase. The most significant differences in soil properties were observed
between the sites of peat soils and the site that surrounded the studied peatland. The main

Table 2 Correlation between physico-chemical soil properties and soil biological indices

Parameter Depth pH Mois Cox Ure ALP Cat Cres Cmic

Depth – ns ns ns ns −0.743* ns ns ns

pH ns – −0.927** −0.783* ns ns 0.747* −0.771* −0.921**
Mois ns −0.927** – 0.904** ns ns −0.738* 0.857** 0.946**

Cox ns −0.783* 0.904** – ns ns ns 0.809* 0.898**

Ure ns ns ns ns – ns 0.857** ns ns

ALP −0.74* ns ns ns ns – ns ns ns

Cat ns 0.747* −0.738* ns 0.857** ns – ns ns

Cres ns −0.771* 0.857** 0.809* ns ns ns – 0.922**

Cmic ns −0.921** 0.946** 0.898** ns ns ns 0.922** –

**p<0.01, *p<0.05

Moisture (Mois) [%], Organic carbon content (Cox) [%], Urease activity (Ure) [mg NH4
+ -N g−1 d−1 ], Acid

phosphatase activity (ACP) [mg P g−1 3 h−1 ], Alkaline phosphatase activity (ALP) [mg P g−1 3 h−1 ], Catalase
activity (Cat) [mL O2 g min−1 ], Basal respiration (Cres) [μg CO2 g h

−1 ], Microbial biomass carbon (Cmic) [μg C
g−1 ]
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limiting factors of soil microbial activity are the soil reaction, soil moisture and soil organic
carbon content. The microbial biomass, and also various enzymatic and process activities, are
well proven indicators of soil status and are widely used in soil microbial ecology studies as
easy to measure and informative parameters. Peat soils are considered to be a unique
environment for soil microbes because of the moisture and high content of soil organic matter.

Acknowledgements The work was supported by the Agency of Ministry of Education, Science, Research and
Sport of the Slovak Republic, under project ITMS: 26110230069 and 26110230119 and VEGA grant 1/0496/15.

References

Alef K, Nannipieri P (1995) Methods in applied soil microbiology and biochemistry. Academic, London
Bandick AK, Dick RP (1999) Field management effects on soil enzyme activities. Soil Biol Biochem 31:1471–

1479
Bellamy PH, Loveland PJ, Bradley RI, Lark M, Kirk GJD (2005) Carbon losses from all soils across England

and Wales 1978–2003. Nature 437:245–248
Bielińska E, Smal H, Misztal M, Ligęza S (2003) Enzymatic activity in coastal soils of Liaseczno, Łukie and

Moszne lakes. Acta Agrophysica 1(3):69–375
Blońska E (2010) Enzyme activity in forest peat soils. Folia Forestalia Polonica 52(1):20–25
Brake M, Höper H, Joergensen RG (1999) Land use-induced changes in activity and biomass of microorganisms

in raised bog peats at different depths. Soil Biol Biochem 31:1489–1497
Brockett BFT, Prescott CE, Grayston SJ (2012) Soil moisture is the major factor influencing microbial

community structure and enzyme activities across seven biogeoclimatic zones in western Canada. Soil
Biol Biochem 44:9–20

Brookes PC (1995) The use of microbial parameters in monitoring soil pollution by heavy metals. Biol Fertil
Soils 19:269–279

Chen PZ, Cui JY, Hu L, Zheng MZ, Cheng SP, Huang JW, Mu KG (2014) Nitrogen removal improvement
by adding peat in deep soil of subsurface wastewater infiltration system. J Integr Agric 15:1113–1120

Dick RP, Breakwell DP, Turco RF (1996) Soil enzyme activities and biodiversity measurements as integrative
microbiological indicators, Methods for Assessing Soil Quality. Soil Science Society of America Journal WI: 9-17

Duguma LA, Hager H, Sieghardt M (2010) Effect of land use types on soil chemical properties in smallholder
farmers of central highland Ethiopia. Ekológia (Bratislava) 29:1–14

Fazekašová D, Igaz D, Klimovičová M, Bobuľská L, Angelovičová L, Michaeli E (2012) Activity of soil urease
in selected soil types in the Nitra River basin. J Int Sci Publ Ecol Saf 6:191–205

Fazekašová D, Boltižiar M, Bobuľská L, Kotorová D, Hecl J, Krnáčová Z (2013) Development of soil
parameters and changing landscape structure in conditions of cold mountain climate (case study
Liptovská Teplička). Ekológia (Bratislava) 32:197–210

Fiala K, Barančíková G, Búrik V, Houšková B, Chomaničová A, Kobza J et al. (1999) Partial monitoring system
– soil (in slovak), Binding methods. VÚPOP, Bratislava

Fuhrer J (2003) Agroecosystem responses to combination of elevated CO2, ozone, and global climate change.
Agric Ecosyst Environ 1–3:1–20

Gavrilenko EG, Susyan EA, Anan’eva ND, Makarov OA (2011) Spatial variability in the carbon of microbial
biomass and microbial respiration in soils of the south of Moscow oblast. Eurasian Soil Sci 44:1125–1138

Gil-Sotres F, Trasar-Cepeda M, Leiros C, Seoane S (2005) Different approaches to evaluating soil quality using
biochemical properties. Soil Biol Biochem 37:877–887

Golovchenko AV, Tikhonova EY, Zvyagintsev DG (2007) Abundance, biomass, structure, and activity of the
microbial complexes of minerotrophic and ombrotrophic peatlands. Microbiology 76(5):630–637

Gömöryová (2004) Small-scale variation of microbial activities in a forest soil under a beech (Fagus Sylvatica L.)
stand. Pol J Ecol 52:311–321

Gömöryová E, Hrivnák R, Janišová M, Ujházy J, Gömöry D (2009) Changes of the functional diversity of soil
microbial community during the colonization of abandoned grassland by forest. Appl Soil Ecol 43:191–199

Grejtovský A (1991) Influence of soil improvers on enzymatic activity of heavy alluvial soil (in slovak). Plant
Soil Environ 37:289–295

Grodnitskaya ID, Karpenko LV, Knorre AA, Syrtsov SN (2013) Microbial activity of peat soils of boggy larch
forest and bogs in the permafrost zone of central Evenkia. Eurasian Soil Sci 46(1):61–73

Soil Properties and Microbial Activities in Peatbog Soils 417



Islam KR, Weil RR (1998) Microwave irradiation of soil for routine measurement of microbial biomass carbon.
Biol Fertil Soils 27:408–416

Javoreková S, Králiková A, Labuda R, Labudová S, Maková J (2011) Soil biology in agroecosystems (in
slovak). Nitra, Slovakia

Kechavarzi C, Dawson Q, Bartlett M, Leeds-Harrison PB (2010) The role of soil moisture, temperature and
nutrient amendments on CO2 efflux from agricultural peat soil microcosms. Geoderma 154:203–210

Khaziev FK (1976) Soil enzyme activity (in russian). Nauka, Moskva
Klose S, Wernecke KD, Makeschin F (2004) Microbial activities in forest soils exposed to chronic deposition

from a lignite power plant. Soil Biol Biochem 36:1913–1923
Kovács F (2013) GIS analysis of short and long term hydrogeographical changes on a nature conservation area

affected by aridification. Carpathian J Earth Environ Sci 8(3):113–124
Kumar S, Chaudhuri S, Maiti SK (2011) Phosphatase activity in natural and mined soil – a review. Indian J

Environ Prot 31:955–962
Macci C, Doni S, Peruzzi E, Masciandaro G, Mennone C, Ceccanti B (2012) Almond tree and organic

fertilization for soil quality improvement in southern Italy. J Environ Manag 95:S215–S222
Maková J, Javoreková S, Medo J, Majerčíková K (2011) Characteristics of microbial biomass and respiration

activities in arable soil and pasture grassland soil. J Cent Eur Agric 12:745–758
Miralles I, Ortega R, Almendros G, Gil-Sotres F, Trasar-Cepeda C, Leirós MC, Soriano M (2012) Modification

of organic matter and enzymatic activities in response to change in soil use in semi-arid mountain ecosystem
(southern Spain). Eur J Soil Sci 63:272–283

Moreno JL, García C, Landi L, Falchini L, Pietramellara G, Nannipieri P (2001) The ecological dose value
(ED50) for assessing Cd toxicity on ATP content and dehydrogenase and urease activities of soil. Soil Biol
Biochem 33:483–489

Prenger JP, Reddy KR (2004) Microbial enzyme activities in a freshwater marsh after cessation of nutrient
loading. Soil Sci Soc Am J 68:1796–1804

Raiesi F, Riahi M (2014) The influence of grazing exclosure on soil C stock and dynamics, and ecological
indicators in upland arid and semi-arid rangelands. Ecol Indic 41:145–154

Robert L, Tate III (1980) Microbial oxidation of organic matter of Histosols. Adv Microb Ecol 4:169–201
Rokosch AE, Bouchard V, Fennessy S, Dick R (2009) The use of soil parameters as indicators of quality in

forested depressional wetlands. Wetlands 29(2):666–677
Romaniuk R, Giuffre L, Costantini A, Bartoloni N, Nannipieri P (2011) A comparison of indexing methods to

evaluate quality of soils: the role of soil microbiological properties. Soil Res 49:733–741
Sardans J, Peñuelas J, Estiarte M (2008) Changes in soil enzymes related to C and N cycle and in soil C and N

content under prolonged warming and drought in a Mediterranean shrubland. Appl Soil Ecol 39:223–235
Senga Y, Hiroki M, Nakamura Y, Watarai Y, Watanabe Y, Nohara S (2011) Vertical profiles of DIN, DOC, and

microbial activities in the wetland soil of Kushiro Mire, northeastern Japan. Limnology 12:17–23
Sinsabaugh RL, Moorhead DL, Linkins AE (1994) The enzymatic basis of plant litter decomposition: emergence

of an ecological processes. Appl Soil Ecol 1:97–111
Speir TW, Van Schaik AP, Lloyd-Jones AR (2003) Temporal response of soil biochemical properties in a pastoral

soil after cultivation following high application rates of undigested sewage sludge. Biology and Fertility of
Soils 38: 377–385

Tate RL, Terry RE (1980) Variation in microbial activity in histosols and its relationship to soil moisture. Appl
Environ Microbiol 40:313–317

Truu M, Juhanson J, Truu J (2009) Microbial biomass, activity and community composition in constructed
wetlands. Sci Total Environ 407:3958–3971

Tsolova V, Kolchakov V, Zhiyanski M (2014) Carbon, nitrogen and sulphur pools and fluxes in pyrite containing
reclaimed soils (Technosols) at Gabra village, Bulgaria. Environ Process 1(4):405–414

Zhang L, Chen Y, Li W, Zhao R (2009) Abiotic regulation of soil respiration in desert ecosystems. Environ Geol
8:1855–1864

418 L. Bobuľská et al.


	Vertical Profiles of Soil Properties and Microbial Activities in Peatbog Soils in Slovakia
	Abstract
	Introduction
	Materials and Methods
	Results and Discussion
	Conclusions
	References


