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Abstract: Soil formation and quality is determined, among others, by nutrients availability. The soil 

enzymes, catalyzing key biochemical reactions, are responsible for biotransformation of matter in soils and 

hence for providing nutrients. The activities of protease and urease enzymes are important for the release of 

simple carbon and nitrogen needed for the growth and reproduction of soil organisms. The aim of the present 

study was to evaluate the protease and urease activities of soil samples, collected from an extreme 

environment (Livingston Island, Antarctica), as biomarkers of soil quality and to compared them with 

activities in soils, collected from the moderate climatic zone. The enzyme activities were determined 

spectrophotometrically by the amount of the hydrolysis products (tyrosine and ammonia) of the substrates 

(casein and urea). Our results indicated that the enzyme activities vary between the different soil types, 

depending on the composition of the organic substances, the diversity of microbial species and the intensity 

of the biological processes. 
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Introduction 

Soil is a complex living system and is often defined as a non-renewable resource because its 

formation is a very slow and complex process. Soil is the most important element for the existing of 

all terrestrial living organisms and thus for maintaining the environmental quality (Binkley & 

Fisher, 2012). These features of soil are determined mainly by the nutrients availability. The soil 

enzymes catalyzing key biochemical reactions are responsible for biotransformation of matter in 

soils and hence for providing nutrients (Kujur & Patel, 2014). All soils contain enzymes. Their 

origin is primary due to microbial activity. Soil inhabiting microorganisms continuously synthesize 

various enzymes, which can accumulate, can activate certain metabolic processes or inactivate 

and/or degrade in the soil (Dick et al., 1994). In this way they are closely related to the stabilization 

of the soil structure, degradation of organic matter and the dissolution of various compounds 

(Allison & Vitousek, 2005), mineralization, nutrient cycles (Dick et al., 1994) and transfer of 

materials and energy (Kujur & Patel, 2014). Microbial degradation of organic matter in the soil 

plays an important role in the global C and N cycles (Davidson & Janssens, 2006). The activities of 

protease and urease enzymes are important for the release of simple carbon and nitrogen needed for 

the growth and reproduction of soil organisms (Nasreen et al., 2012).  

Proteases occur naturally in all organisms. They catalyze the hydrolysis of peptide bonds in 

proteins to their constituent monomers and are important in the N cycle (Sardans et al., 2008). In 

soil these enzymes are present as extracellular products of the bacterial activity and usually they are 

associated with organic and inorganic colloids (Nannipieri et al., 2003). The activity of proteases 

results in NH4
+
-N release in the soil and thus plays a significant role in N mineralization. This is an 

important process that regulates the amount of available N for plant growth (Makoi & Ndakidemi, 

2008).  

Urease is an enzyme that catalyzes the hydrolysis of urea to CO2 and NH4
+
 ions. In soil its 

origin is basically microbial and its activity is extracellular (Dick et al., 1994). It is essential for 

hydrolysis of nitrogen compounds, which are delivered to the soil by plants (Blonska & Lasota, 

2014) and to a lesser extent by the animals and microorganisms (Salazar et al., 2011). The mediated 

conversion of organic to inorganic nitrogen by urease leads to loss of the N from the soil by 

evaporation of NH3 in the atmosphere (Das & Varma 2010). For this reason, the urease activity has 

received a particular attention, because it is one of the key factors for the regulation of N supply to 

plants. According to many authors, the urease activity could be used as an indicator of soil quality 
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and ecosystem stability (Gil-Sotres et al., 2005). 

Soil enzyme activities may vary greatly depending on the variation in organic matter, 

microbial community, microbial activity associated with soil biological processes, which are 

affected by biotic and abiotic factors. The aim of the present study was to evaluate the protease and 

urease activities of soil samples, collected from extreme environments (Livingston Island, 

Antarctica) and to compare them with soils, collected from the moderate climatic zone. We 

expected the soil enzymatic characteristics to provide information about the status of key 

biochemical reactions involved in rate limiting steps of biotransformation of soil nutrients in 

extreme environment. 

 

Мaterial and methods  

Soil samples: Soil samples were collected from the surface soil layer (0-15 cm) from 4 

locations on Livingston Island (Antarctica) and 4 locations from a moderate climatic zone 

(Bulgaria, Europe) (Table 1.). After purification of the crude waste, samples were sieved through a 

2 mm mesh and stored at 4°C prior to analyses.  

Table 1. Sampling location and soil description  

Soil 

sample 
GPS coordinates 

Climatic  

zone 

Habitat 

type 
Soil 

S1 S62
о
38'09.2", W60

о
21'19.9" 

polar  

open 
Bare soil with some rare moss tufts 

around 

S2 S62
о
38'14.1", W60

о
21'35.6" open Soil under moss cover  

S3 S62
o
38'0.65" W60

o
21'14.5" open 

Soil under mixed cover of moss and 

grass, containing significant 

quantity of vegetation remnants and 

mussel shells; resting place of birds 

S4 S62
o
38'48.9", W60

o
22'17.9" open 

Soil under mixed cover of moss and 

grass, mixed with vegetation 

remnants 

S5  N43°16'75", E26°56'8.7" 

moderate 

open Soil under mixed grass cover 

S6  N42°41'5.82", E23°20'1.97" closed Soil under broadleaf tree cover 

S7  N 42°41'7.69", E23°20'5.03" closed Soil under broadleaf tree cover 

S8  N 42°41'9.99", E23°20'7.23" closed Soil under broadleaf tree cover 

Soil characteristics: The pH of the soils was determined in aqueous extracts (in the ratio 

1:2.5) with a digital pH meter HANNA. The contents of ammonia and nitrate nitrogen in the soil 

samples were assessed by the method of Nessler and by the cadmium reduction method, 

respectively, using the HANNA Hi- 83200 meter. 

Protease activity assay: The activity of proteases in soil samples were determined after the 

method described by Speir & Ross (1975). Soil samples (2g) were incubated for 24 hours at 30°C 

with 10 ml of 0.1 M TRIS buffer, pH 8, containing 0.2% casein as substrate. After precipitation with 

trichloroacetic acid the mixture was centrifuged. In the resulted supernatant the tyrosine content was 

determined spectrophotometrically at 730 nm after the addition of Folin-Ciocalteu reagent. The 

activities of proteases were expressed as milligrams of tyrosine, released per g of soil per 24 h (mg 

tyrosine g
−1

 soil 24 h
−1

). 

Urease activity assay: The urease activity in soil samples was determined after the method 

described by Alef & Nannipieri (1995). Soil samples (1g) was mixed with 5 ml of 0.1M phosphate 

buffer, pH 7.0, containing 0.2M urea as substrate and incubated for 1 hour. After incubation, 10 ml 

of 2 M potassium chloride was added, and the mixtures were stored at 4°C for 10 minutes to stop 

the enzymatic reaction. The content of ammonia was determined by the method of Nessler. The 

http://www.healthykoi.co.uk/products/2_19/Hanna_Hi83200__45_Parameters_New_C200_470
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formed yellow coloration was proportional to the ammonia concentration and was read 

spectrophotometrically at 420 nm. Urease activity was expressed in terms of milligrams of 

ammonium nitrogen released per g of soil per 1 h (μg N-NH4
+
 g

−1
1h

–1
). 

Statistical analyses: Data from soil analyses were subjected to simple correlation analysis to 

test the statistical significance of soil physicochemical properties and soil enzyme activities between 

the soil samples. Pearson’s product moment correlation coefficient was used to study relationships 

among the soil characteristics and enzyme activities. Cluster analysis was performed by the 

unweighted pair group method on calculated Euclidean distances. All calculations were carried out 

using the package STATISTICA v. 4. 

 

Results 

The data from analyzes of the pH and the content of inorganic nitrogen forms as N-NO3
–
, N-

NH4
+
 of  the soil samples from the examined habitats are presented in Table 2. 

Table 2. Soils sample characteristics (pH and ion concentrations of nitrogen (N-NO3
–
 and N-

NH4
+
) 

№ 
Climate 

zones 
Habitat type pH 

N-NO3
–
 N-NH4

+
 

(μg g
-1

 soil) (μg g
-1

 soil) 

S1 

polar  open habitat 

6,87 3,6 3,41 

S2 7,16 1,5 2,79 

S3 8,08 3,2 5,68 

S4 7,21 1,5 2,79 

S5 

moderate 

open habitat 7,11 3,9 9,11 

S6 
closed 

habitats 

6,83 11,9 18,21 

S7 6,70 10,8 17,54 

S8 6,51 13,4 16,17 

The mean pH value of the Antarctic samples was in general higher although not statistically 

significant than those from the moderate climatic zone (7.33 ± 0.26 vs 6.78 ± 0.12, p = 0.07). All 

the soils from the open habitats had higher pH values, although not statistically significant, 

compared to those from the closed habitats (Table. 2) regardless of whether originating from 

Antarctica or from moderate latitudes. The mean value of pH from the examined open habitats soils 

was 7.29 ± 0.023, whereas the mean value of pH of the examined closed habitats soil were 6.68 ± 

0.09. Only the pH value of the S1 sample (6.87) was with lower pH value and was similar to the 

mean pH values from the closed habitats (6.68 ± 0.09).  

The content of inorganic nitrogen forms showed similar relationships. In all soil samples, 

derived from closed habitats, significantly higher concentrations of N-NO3
–
 and N-NH4

+
 were 

determined. The mean value of N-NO3
–
 from the examined soils from Antarctic habitats was 2.45 ± 

0.55 μg g
-1

, whereas the mean value of N-NO3
– 

from the examined moderate zone soils were 10.0 ± 

2.10 μg g
-1

 soil. The analysis of the S5 sample, which was gathered from the moderate climatic 

zone showed a lower N-NO3
–
 amount (3.9 μg g

-1
 soil) that was similar to the values of S1 (3.6 μg g

-

1
 soil) and S3 (3.2 μg g

-1
 soil) samples from the Antarctic zone. In regard to N-NH4

+
 amount in the 

tested soils, the results suggested that the samples from the polar zone were much poorer (3.67 ± 

0.68 g g
-1

 soil) than those from the moderate zone (15.26 ± 2.09 g g
-1

 soil). Even the polar soil 

with the highest ammonia content (S3: 5.68 g g
-1

 soil) had two times less N-NH4
+
 than the soil 

from the moderate zone with the lowest content (S5: 9.11 g g
-1

 soil). Here, also, it is noteworthy 

that in closed habitats the observed ammonia concentration was significantly higher (min 16.17; 

max 18.21 g g
-1

 soil) than in the studied open habitats (max 9.11 g g
-1

 soil). 

The obtained results for protease activity in the analyzed samples are presented in Fig. 1. 
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Figure 1. Protease activity (with casein as a substrate) in soil samples, collected from the 

Antarctic zone (S1-S4) compared to those collected from the moderate zone (S5-S8). 

 

The results from the analysis of protease activities demonstrated that in soils, obtained from 

all Antarctic habitats (S1-S4: 2.1 ± 0.55 mg tyrosine g
-1

 soil 24 h
-1

) were similar to S5, a sample 

from the open habitat of the moderate climatic zone (S5: 2.6 mg tyrosine g
-1

 soil 24 h
-1

). However, 

the protease activities of the closed habitats S6, S7 and S8 of the moderate zone were significantly 

higher (7.76 ± 0.38 mg tyrosine g
-1

 soil 24 h
-1

). 

The urease activity in the studied soil samples expressed by the amount of ammonia produced 

during urea hydrolysis is presented in Fig. 2. 
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Figure 2. Urease activity (with urea as a substrate) in soil samples, collected from the 

Antarctic zone (S1-S4) compared to those collected from the moderate zone (S5-S8). 

 

The mean urease activity of all polar soil samples was 8.7 ± 2.5 μg N-NH4
+
 g

-1
 soil 1 h

-1
. 

The lowest urease activity was present in the polar sample S1 (3.5 μg N-NH4
+
 g

-1
 soil 1 h

-1
), 

followed by polar sample S2 (5.4 μg N-NH4
+
 g

-1
 soil 1 h

-1
). The values from S3 and S4 samples 

were about two times higher: 12.45 and 13.45 μg N-NH4
+
 g

-1
 soil 1 h

-1
, respectively. These 

activities were close to the measured activity in sample S5 (15.2 μg N-NH4
+ 

g
-1

 soil 1 h
-1

), a sample 

from open habitat in the moderate climatic zone. All samples from the closed habitats of the 

moderate climatic zone had a significantly higher urease activity (22.87 ± 0.34 μg N-NH4
+ 

g
-1

 soil 1 

h
-1

). 

Correlation analysis of the studied parameters is presented in Table 3. Significant positive 

correlations were present between the determined protease and urease activity and the content of 
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nitrates and ammonia in the analyzed samples. 

Table 3. Correlations between soil characteristics and enzyme activities (marked 

correlations were significant at p < 0.05) 

Parameters Means Std.Dev. pH N-NO3
–
 N-NH4

+
 Protease activity 

pH 7.058 0.477     

N-NO3
–
 6.225 4.938 -0.653    

N-NH4
+
 9.462 6.833 -0.569 0.956   

Protease activity 4.281 3.008 -0.493 0.958 0.944  

Urease activity 13.650 8.364 -0.401 0.862 0.852 0.910 

 

The similarities between the soil samples based on their characteristics and enzyme activity 

were further studied by the Euclidean distance metrics. Clustering was performed using the 

unweighted pair group average (UPGMA) method. The dendrogram (Fig. 3) indicated the presence 

of two main groups of soil samples differing significantly in the studied characteristics. The first 

cluster included the soil samples S6, S7 and S8 and the remaining samples formed a second group. 

The second cluster was divided into two sub-groups of samples - S1 and S2 on the one hand, and 

S4, S3, S5 on the other.  

 
Figure 3. Cluster analysis of the soil samples based on their characteristics and 

enzyme activities 

The obtained cluster dendrogram confirmed the similarity among the open habitats, 

regardless of their origin, and their difference from the closed habitats, which in turn grouped close 

together. 

 

Discussion 

Our results indicated the presence of variation in the enzyme activity among the studied soil 

samples from Livingston Island (Antarctica). The highest protease activity was found in sample S3 

where we also found the highest N-NH4
+
 concentration and a considerable amount of N-NO3

–
 in 

comparison to the other samples. In addition, in this sample the most alkaline pH value among all 

tested soils was measured. The urease activities of the studied Antarctic soils demonstrated large 

differences with deviation from 2.5 to 14 μg N-NH4
+
g

-1
soil 1 h

-1
.  The lowest urease activity (3.5 μg 

N-NH4
+ 

g
-1

soil 1 h
-1

) was detected in the soil sample (S1) from a bare scree area. A higher urease 

activity (5.4 μg N-NH4
+
 g

-1
 soil 1 h

-1
) was detected in soil sample (S2) from area with mosse and 

lichen cover. The highest urease activities (12.45 and 13.45 μg N-NH4
+
 g

-1
 soil 1 h

-1
) was proved in 
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soil samples (S3 and S4) from a site with moss and grass cover. Likely these variations in urease 

activities depended on the type of vegetation on the surface. 

The urease activity of the studied samples from Livingston Island was in general lower than 

the activity in the soils of the moderate climate zones used for comparison. This was particularly 

apparent for the closed habitats. However, in some samples (S7 and S8) the urease activity values 

were close to that measured in the soil sample from the open habitat of the moderate zone. The 

same relationship was observed with respect to the protease activity. Thus, it could be concluded 

that the activity of enzymes in soil samples were dependant mainly on the type of habitat and to a 

minor extent on the climate variables, as supported by the tests under identical laboratory 

conditions. Open habitats were characterized by relatively low organic matter content, and soil 

microorganisms. Indeed we found low concentrations of N-NH4
+
 in all tested soil samples. 

However when comparing the concentration of N-NH4
+
 we observed in a sample (S3 sample) 

almost two times higher levels. Likely, this finding was due to the presence of vegetation cover 

(grass and moss), which in turn is connected to soil microorganism’s activity. The root exudates and 

litter activate the mineralization process and matter transformation in the soil (Bolter et al., 2002). 

In regard to the measured N-NO3
– 

concentrations, they were higher in the samples S1 and S2 in 

comparison to the other samples tested. Thus, it could be assumed that the activity of the enzymes 

tested under identical laboratory conditions, depend mainly on the type of habitat (vegetation cover) 

and to a minor extent on climate characteristics. Open habitats are characterized by relatively low 

organic matter content and soil microorganisms. Indeed, we found low concentrations of N-NH4
+
 in 

all tested soil samples. However, when comparing the concentration of N-NH4
+
 we observed almost 

two times higher levels in the S3 sample. It is known that the heterotrophic microorganisms develop 

better in sites with vegetation cover. The root exudates and litter activate the mineralization process 

and matter turnover in the soil (Bolter et al., 2002). In regards to N-NO3
– 

concentrations, these were 

higher in the S1 and S2, compared to the other tested samples. The enzyme activity can be affected 

by a number of natural factors, i.e. temperature and moisture contents, рН, vegetation cover and 

presence of organic matter (Blonska & Lasota, 2014). The observed correlations between enzyme 

activity and the amount of organic matter in Antarctic soils (see also Sokolovska et al., 2015) 

suggested the close relationship between enzyme activity, soil microbial activity and the turnover of 

organic matter (Kandeler al., 1999) in the studied soils, and thus indicated the state of soil 

development (Emmerling et al., 2002; Nannipieri et al., 2003). The terrestrial environments of 

Antarctica are limited in organic matter (Convey 1996). They exhibit low complexity food web 

structures which are dominated by microorganisms. Most of the energy and matter are assimilated 

by primary production in the form of detritus because of the absence of herbivores (Heal and Block 

1987). Soil bacteria play a crucial role in this turnover. Soils on Livingston Island were found to 

have a relatively high bacterial abundance (Kenarova et al., 2013) with ammonifying bacteria 

predominating in the composition of the soil microbial communities (Sokolovska et al., 2015). The 

limiting factor for the activity of this functional group of bacteria appeared to be low air humidity 

and not the temperature regime (Sokolovska et al., 2015).  

 

Acknowledgements 

This study was supported by a research grant RD-08-66/02.02.2016. 

 

References 

Alef, K., & Nannipieri, P. (1995). Methods in applied soil microbiology and biochemistry. 

Academic press. 

Allison, S. D., & Vitousek, P. M. (2005). Responses of extracellular enzymes to simple and 

complex nutrient inputs. Soil Biology and Biochemistry, 37(5), 937-944. 

Binkley, D., & Fisher, R. (2012). Ecology and management of forest soils. John Wiley & 



Science & Technologies 

Volume VI, 2016, Number 2: NAUTICAL AND ENVIRONMENTAL STUDIES 
 

14 

Sons. 

Błonska, E., & Lasota, J. (2014). Biological and biochemical properties in evaluation of forest 

soil quality. Folia Forestalia Polonica, 56(1), 23-29. 

Bölter, M., Bloem, J., Meiners, K., & Möller, R. (2002). Enumeration and biovolume 

determination of microbial cells–a methodological review and recommendations for applications in 

ecological research. Biology and Fertility of Soils, 36(4), 249-259. 

Convey, P. (1996). The influence of environmental characteristics on life history attributes of 

Antarctic terrestrial biota. Biological Reviews, 71(2), 191-225. 

Das, S. K., & Varma, A. (2010). Role of enzymes in maintaining soil health. In Soil 

enzymology 25-42. Springer Berlin Heidelberg. 

Davidson, E. A., & Janssens, I. A. (2006). Temperature sensitivity of soil carbon 

decomposition and feedbacks to climate change. Nature, 440(7081), 165-173. 

Dick, R., Sandor, J., & Eash, N. (1994). Soil enzyme activities after 1500 years of terrace 

agriculture in the Colca Valley, Peru. Agriculture, Ecosystems & Environment, 50(2), 123-131. 

Emmerling, C., Schloter, M., Hartmann, A., & Kandeler, E. (2002). Functional diversity of 

soil organisms-a review of recent research activities in Germany.Journal of Plant Nutrition and Soil 

Science, 165(4), 408. 

Gil-Sotres, F., Trasar-Cepeda, C., Leirós, M. C., & Seoane, S. (2005). Different approaches to 

evaluating soil quality using biochemical properties. Soil Biology and Biochemistry, 37(5), 877-887. 

Heal, O. W., & Block, W. (1987). Soil biological processes in the North-and 

South. Ecological Bulletins, 47-57. 

Kandeler, E., Palli, S., Stemmer, M., & Gerzabek, M. H. (1999). Tillage changes microbial 

biomass and enzyme activities in particle-size fractions of a Haplic Chernozem. Soil Biology and 

Biochemistry, 31(9), 1253-1264. 

Kenarova, A., Encheva, M., Chipeva, V., Chipev, N., Hristova, P., & Moncheva, P. (2013). 

Physiological diversity of bacterial communities from different soil locations on Livingston Island, 

South Shetland archipelago, Antarctica. Polar biology, 36(2), 223-233. 

Kujur, M., & Kumar Patel, A. (2014). Kinetics of soil enzyme activities under different 

ecosystems: An index of soil quality. Chilean journal of agricultural research, 74(1), 96-104. 

Makoi, J. H., & Ndakidemi, P. A. (2008). Selected soil enzymes: examples of their potential 

roles in the ecosystem. African Journal of Biotechnology, 7(3). 

Nannipieri, P., Ascher, J., Ceccherini, M., Landi, L., Pietramellara, G., & Renella, G. (2003). 

Microbial diversity and soil functions. European Journal of Soil Science, 54(4), 655-670. 

Nasreen, C., Mohiddin, J., Srinivasulu, M., Rekha Padmini, A., Ramanamma, P., & 

Rangaswamy, V. (2012). Interaction effects of insecticides on enzyme activities in black clay soil 

from groundnut (Arachis hypogaea L.) fields. Environmental Research, Engineering and 

Management, 60(2), 21-28. 

Salazar, S., Sánchez, L. E., Alvarez, J., Valverde, A., Galindo, P., Igual, J. M., & Santa-

Regina, I. (2011). Correlation among soil enzyme activities under different forest system 

management practices. Ecological Engineering, 37(8), 1123-1131. 

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. Applied Soil Ecology, 39(2), 223-235. 

Sokolovska, M., Chipev, N., Ilieva, R., Nustorova, M., Petrova, L., Vergilov, Z., Hristova, R., 

& Bech, J. (2015). Soils on Livingston Island: Composition, Properties and Ecological Aspects. 

Bulgarian Antarctic Research: A Synthesis, 308-319. 

Speir, T.W., & Ross, D.J. (1975). Effects of storage on the activities of protease, urease, 

phosphatase and sulphatase in three soils under pasture. New Zea J Sci 18 , 231-237.  


