
Introduction

Soil is important for forests and landscapes. 
Enzymes in the soil structure ensure that they are alive 
in forest areas [1-3]. Enzymes are molecules of protein 

structure that catalyze biochemical reactions in cells. 
Enzymes with significant metabolic functions in cells 
have entered daily and economic life to be used for 
various purposes [4]. Studies on enzyme activity have 
been of great interest for many years. However, it made 
great progress at the beginning of the 1950s as the main 
research subject in soil microbiology and biochemistry 
[5].
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Abstract

This study determined the relationship of urease and catalase enzyme activity and nutrient elements 
related to the use of soil. We identitified urease and catalase enzymes and calcium (Ca), magnesium 
(Mg), iron (Fe), zinc (Zn), copper (Cu), and manganese (Mn) as nutrient elements, and total nitrogen 
(N), phosphorus (P) useful for plants, and exchangeable potassium (K) were identified in soils used for 
different purposes (agriculture, forest, and pasture), and the relationships between urease and catalase 
enzymes and these nutrient elements were revealed. Soil samples were taken from 60 points as 2 aspects 
x3 areas x2 depths x5 recurrences and the analyses were conducted on each sample with 3 recurrences. 
Duncan’s test was carried out and the results were evaluated. The strongest relationships are identified 
between Mg and Fe (0.854), and Mg and Mn (0.867). The results of the study indicate that the depth factor 
has an effect only on catalase enzyme activity and Zn, soil use has an effect only on catalase enzyme 
activity and urease enzyme activity and Ca and Zn among micronutrient elements, and the aspect factor 
has an effect on all nutrient elements other than Zn – in contrast to other factors. 
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Enzymes are classified as:
 – Oxidoreductases: xidation reduction reaction (dehy-

drogenase, catalase, peroxidase).
 – Tranferases: the transfer of group of atoms from do-

nor to an acceptor molecule (Aminotransferases, Rho-
donese).

 – Hydrolases: hydrolitic cleavage of bonds (phos-
phatase, cellulase, urease).

 – Lyases: cleavage of bonds other than hydrolysis or 
oxidation (aldolase).

 – Isomerases: isomarization reaction.
 – Ligases: formation of bonds by the cleavage of ATP 

(acetyl-CoA carboxylase).

Importance of Soil Enzymes

The release of nutrients in soil by means of organic 
matter degradation, identification of soils, identification 
of microbial activity, and importance of soil enzymes 
are sensitive indicators of ecological change [6]. The 
resources of enzymes in the soil are plants, soil animals, 
and microorganisms [7]. Most studies conducted on soil 
enzymes have accepted that the biological characteristics 
of the soil can be identified by determining the activities 
of certain enzymes with high amounts in the soil [8]. 
Inorganic and organic colloids of the soil are absorbed 
by clay and humin substances. Absorbed enzymes are 
more resistant to external factors when compared to 
other enzymes. They can maintain their activities for 
a long time. Thus, organic residues in the soil, most  
of which are plantal, are decomposed into micro-
molecule simple compounds after a series of enzymatic 
reactions. 

The findings obtained from soil enzyme 
measurements are evaluated periodically as a guide 
for soil productivity [7]. Soil enzyme activities have 
a potential to determine the health of living elements 
of the soil and the total biological activity of the soil. 
Soil enzyme tests may provide information about 
the potential of soils in terms of carrying out some 
biochemical processes.

The height of enzymatic activity is one of the 
most significant indicators of the characteristics and 
the quality of a soil [9]. Therefore, determining the 
relationship between enzymatic activities and external 
factors can provide significant benefits in many areas – 
from soil reclamation to the increase in productivity.

Urease and catalase enzymes among the soil 
enzymes are prominent enzymes that have been the 

subject of many studies to date. Urease enzyme is an 
extracellular enzyme that catalyzes carbondioxide and 
ammonia hydrolysis of the urea, which is retained by 
organic and inorganic colloids of the soil [10]. Catalase 
enzyme is an enzyme that is a result of metabolic events 
and respiratory events of living organisms and that 
separates cytotoxic hydrogen peroxide (H2O2) into water 
and oxygen [10]. 

In this study we aimed to identify the relationship 
between urease and catalase enzymes with some soil 
nutrient elements, and also soil depth, soil use, and 
change depending on the aspect of these substances.

Experimental  

In the study, areas are adjacent to each other and 
therefore have the same characteristics; however, uses 
as forest, pasture, and agricultural land were identified, 
and areas where soil samples would be taken were 
determined in accordance with the purpose of the study. 
As a result of the land works conducted, the areas where 
soil samples would be taken from two determined 
sample areas were identified as the southern and 
northern aspects, and it was decided as a result of the 
preliminary examinations conducted that samples would 
be taken from five different points and two different 
depths from each test area from the areas determined 
in accordance with the purpose of the study. Thus, soil 
samples were taken from 60 points as 2 aspects x3  
areas (agriculture, forest, pasture) x2 depths x5 
recurrences, and the analyses were conducted on each 
sample with 3 recurrences. Micronutrient elements were 
determined according to Zbiral [11], and urease-catalase 
enzyme activity was identified according to Yang et al. 
[12]. 

Results and Discussion

The Effect of Soil Depth

As a result of our study, variance analysis was 
conducted on the data to identify the effect of the depth 
factor on urease and catalase enzymes and micronutrient 
elements, and the results were evaluated. The average 
values obtained and the results of the variance analysis 
are indicated in Table 1. Because of the fact that there 
are only 2 depth levels as the depth factor, Duncan’s test 
was not applied to the data.

Table 1. Change of deep-contained enzyme and nutritional elements.

Urease Catalase Ca Mg Fe Zn Cu Mn

0-5 cm 0.047 19.206 8,534.647 410.647 17.319 0.427 1.382 13.053

5-10 cm 0.049 11.531 8,472.28 374.299 15.826 0.285 1.408 11.397

F Value 0.023ns 15.334*** 0.011ns 0.383ns 0.327ns 7.068* 0.013ns 0.414ns
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When the values in Table 1 are examined, it is 
seen that the depth factor is only effective on catalase 
enzyme activity (at 99.9% confidence level) and Zn (at 
95% confidence level), and there are not statistically 
significant differences at least at the 95% confidence 
level at different depths in terms of other enzyme and 
nutrient elements.

The Effect of Soil Use

The study was conducted on agricultural, forest, 
and pasture soils and as a result of the study, the 
variance analysis was applied to the data to identify the 
effect of soil use on urease and catalase enzymes and 
micronutrient elements, and the results were evaluated. 
The average values obtained and groupings resulting 
from the results of the variance analysis and the results 
of Duncan’s test are indicated in Table 2. 

When the values in Table 2 are examined, it is seen 
that soil use is only effective on catalase enzyme activity 
(at 99.9% confidence level), urease enzyme activity 
(at 99% confidence level), Ca (at 99.9% confidence 
level), and Zn (at 95% confidence level) among 
micronutrientelements, and there are not statistically 
significant differences at least at the 95% confidence 
level in soil use in terms of other nutrient elements. 
The results of Duncan’s test indicating enzymes with 
statistically significant differences and the groupings of 
nutrient elements are provided in Table 2.

When the results of the table are examined, forest 
soils have the highest values in terms of urease and 
catalase enzymes and Ca and Zn nutrient elements, 
and the lowest values are obtained from pasture  
soils. Although Zn values measured in agricultural soils 
are higher when compared to the values measured in 
pasture soils, agricultural and pasture soils are included 
in the same homogeneous group in terms of Duncan’s 
test.

The Effect of Aspect

The study was conducted on the samples obtained 
from the soils where the northern and southern aspects 
were dominant. As a result of the study, the variance 
analysis was applied to the data to identify the effect of 
the aspect factor on urease and catalase enzymes and 
micronutrient elements, and the results were evaluated. 
The average values obtained and the results of the 
Variance analysis are indicated in Table 3. Because of 
the fact that there are only 2 depth levels as the aspect 
factor, Duncan’s test was not applied to the data and the 
results are indicated in Table 3.

When the values in Table 3 are examined, it is seen 
that the aspect factor is not effective on catalase and 
urease enzyme activities, in contrast to other factors; 
however, it has an effect on all nutrient elements other 
than Zn. This factor is effective at the 99% confidence 
level in Cu, and at the 99.9% confidence level in other 
elements. 

Results of Correlation Analysis

Table 4 presents the results of the correlation 
analysis conducted by means of the SPSS 17.0 program 
to identify the relationship levels of urease and catalase 
enzymes, and micronutrient elements with each other, 
and whether or not these relationships are statistically 
significant are presented in Table 4.

When the values in Table 4 are examined, it is seen 
that urease and catalase enzymes are not statistically 
significantly related to each other. Moreover, it is 
observed that the urease enzyme is related to Mg  
and Fe, and this relationship is significant and  
negative at the 99% confidence level. It is also seen 
that there is a strong and positive relationship between 
catalase enzyme and Zn, and this relationship is 
significant at the 99% confidence level. Furthermore,  

Table 2. Change of enzymes and nutrients depending on soil use.

Urease Catalase Ca Mg Fe Zn Cu Mn

Pasture 0.025 12.295 7,138.38 422.96 16.403 0.313 1.162 13.534

Forest 0.065 21.071 9,894.13 308.913 16.164 0.499 1.594 11.331

Agriculture 0.054 12.74 8477.88 445.545 17.151 0.257 1.429 11.81

F Value 10.553*** 8.577** 8.855*** 2.176ns 0.051ns 8.522** 1.274ns 0.266ns

Table 3. Exchange of enzymes and nutrients depending on aspect.

Urease Catalase Ca Mg Fe Zn Cu Mn

South 0.043 15.753 7,132.713 576.665 23.163 0.345 1.692 20.81

North 0.053 14.985 9,874.213 208.28 9.982 0.367 1.098 3.64

F value 1.301ns 0.122ns 31.480*** 119.425*** 45.145*** 0.157ns 7.846** 184.359***
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Ca has a significant and negative relationship with Mg 
and Mn at the 99% confidence level, and Cu has a weak 
but positive relationship with Mg, Fe, and Mn. The 
strongest relationships are identified between Mg and Fe 
(0.854), and Mg and Mn (0.867). 

Conclusions

The results of our study indicate that the depth factor 
has an effect only on catalase enzyme activity and Zn, 
soil use has an effect only on catalase enzyme activity 
and urease enzyme activity and Ca and Zn among 
micronutrient elements, and the aspect factor has an 
effect on all nutrient elements other than Zn (in contrast 
to other factors). Moreover, forest soils have the highest 
values in terms of urease and catalase enzymes and 
Ca and Zn nutrient elements, and the lowest values are 
obtained from pasture soils. 

When the literature is examined, it is seen that 
there are different results related to the subject. 
Kaptanoglu Berber et al. [13] stated that soil depth 
is effective on urease enzyme activity. Turkmen et 
al. [14] stated in their studies that urease enzyme 
activity changes at different depth levels in pastures 
reclaimed with different methods, and the average 
urease enzyme activity in soils obtained from  
0-15 cm depth is approximately 42% more when 
compared to urease enzyme activity in soils obtained 
from 15-30 cm depth. In the same study, it was identified 
that the average catalase enzyme activity in soils 
obtained from 0-15 cm depth is approximately 22% 
higher when compared to the catalase enzyme activity in 
soils obtained from 15-30 cm depth. The change of both 
enzyme activities based on soil depth was found to be 
statistically significant [14].

Zhao et al. [15] compared urease enzyme activities at 
different depths of different soils and determined urease 
enzyme activity by providing samples from 0-10, 10-20, 
20-30, and 30-40 cm depths of the soils. It was identified 
as a result of the study that as the depth in forest soils 
and parks increases, urease enzyme activity decreases. 
The change of urease enzyme activity in farm soils, in 

areas where street afforestation and road afforestation 
are performed based on the soil depth was found to be 
statistically insignificant. 

Li et al. [16] compared afforested areas, natural 
forest, bush, meadow, terrace, rocky areas that have 
become deserts, and agricultural lands in terms of 
urease enzyme activity and identified that urease 
enzyme activity determined only in afforested areas 
was high when compared to others, and there was not a 
statistically significant difference in other areas. 

Wang et al. [17] identified the effect of the type of 
vegetation on urease enzyme activity in their studies 
and stated that the highest urease enzyme activity was 
determined in areas covered with CaraganaKorshinskii, 
and the lowest urease enzyme activity was found in 
meadows. We identified that the highest urease enzyme 
activity level was in forest soils – especially on the 
southern aspect. It is known that land use is effective on 
urease enzyme activity. Kaptanoglu Berber et al. [13] 
state that land use affects certain soil characteristics 
and thus the structure of the soil, and this affects 
urease enzyme activity. This situation arises from soil 
characteristics such as organic matter content and soil 
compaction.

Udawatta et al. [18] stated that litter variability 
affects enzyme activities and enzyme activities are 
higher in these areas. Kizilkaya and Dengiz [19] support 
this result and indicate that there is a positive correlation 
between urease enzyme activity and organic matter. 
However, Kaptanoglu Berber et al. [13] reported in the 
study they conducted that there was not a statistically 
significant relationship between organic matter and 
urease enzyme activity. 

As a result of the correlation analysis conducted, 
we identified that urease and catalase enzymes are not 
statistically significantly related to each other. Moreover, 
we determined that urease enzyme is related to Mg 
and Fe, that this relationship is statistically significant 
and negative at the 99% confidence level, and that the 
catalase enzyme has a strong and positive relationship 
with Zn and this relationship is significant at the 99% 
confidence level. Furthermore, Ca has a significant 
and negative relationship with Mg and Mn, and Cu has  

Table 4. Results of correlation analysis.

Catalase Ca Mg Fe Zn Cu Mn

Urease 0.227 0.159 -0.365** -0.357** 0.177 -0.038 -0.141

Catalase 0.116 -0.002 0.121 0.623** -0.108 0.120

Ca -0.483** -0.327* 0.209 -0.049 -0.605**

Mg ,854** -0.012 0.337** 0.867**

Fe 0.183 0.302* 0.777**

Zn -0.010 0.163

Cu 0.370**

*Confidence level of 95%, **Confidence level of 99%, ***Confidence level of 99.9%
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a weak but positive relationship with Mg, Fe, and Mn. 
The strongest relationships are between Mg and Fe, and 
Mg and Mn.

Kuscu [20] identified that catalase and urease 
enzyme activities have a statistically significant 
and positive relationship with each other at the 99% 
confidence level. Moreover, it is stated that urease 
enzyme is related to pH and phosphorus (P), and that 
the catalase enzyme is significantly related to potassium 
(K), organic matter (OM), calcium carbonate (CaCO3), 
and total nitrogen (N) (apart from urease).  

Abujabhah et al. [21] indicated that urease activity 
increases especially with organic matter, organic 
carbon, total nitrogen, and exchangeable potassium 
of the soil. It was identified in the study we conducted 
that urease enzyme activity has a positive relationship 
with pH and calcium carbonate (CaCO3) and a negative 
relationship with phosphorus (P) and potassium (K). 
However, the relationship between urease, and calcium 
carbonate (CaCO3) and potassium (K) is not statistically 
significant. The relationship between urease and pH was 
found to be statistically significant in some studies [13] 
and insignificant in others [15]. Hess and Austin [22] 
stated that pH varies by the type of vegetation and that 
this affects enzyme activity.

Kızılkaya et al. [23] identified a positive relationship 
between urease enzyme activity and organic matter, 
exchangeable potassium (K), and total phosphorus 
(P) in lands in which Bafra plain rice cultivation is 
made. Kaptanoğlu Berber et al. [13] reported that the 
relationship between urease enzyme activity and pH, 
organic matter (OM), electrical conductivity (EC), and 
calcium carbonate (CaCO3) is not statistically significant. 

Wang et al. [17] indicate that while there is a positive, 
strong, and statistically significant correlation between 
urease enzyme activity and organic carbon, total 
nitrogen (N), and phosphorus (P) useful for plants and 
exchangeable potassium (K), the relationship between 
pH and urease is negative and statistically insignificant.

Zhao et al. [15] stated that the relationship between 
urease enzyme activity and pH, total nitrogen, and C/N 
rate is statistically insignificant; however, there is a 
statistically significant and positive relationship between 
urease and organic matter. 

Loeppmann et al. [24] reported that waste addition 
with high organic matter increases microbial activity in 
the soil in the first weeks, and as a result of the increase 
in microbial activity urease activity increased, and after 
a certain time urease activity out of the root region of the 
soil decreases.

Wang et al. [17] indicated that while there is a 
positive, strong, and statistically significant correlation 
between catalase enzyme activity, and organic carbon, 
total nitrogen (N), and potassium (K), the relationship 
between pH and total phosphorus (P) and catalase is 
statistically insignificant. These results coincide with the 
results obtained in our study.

However, sometimes, contradictory results can be 
obtained from the studies conducted. For instance, Yang 

et al. [12] stated that there is not a significant relationship 
between urease activity and pH. Kaptanoglu Berber et 
al. [13] reported that the relationship between pH and 
urease enzyme activity is statistically insignificant. 
Zhao et al. [15] indicate that the relationship between 
pH and urease is negative but statistically insignificant. 
Kaptanoğlu Berber et al. [13] stated that the relationship 
between urease and pH is statistically significant. This 
result also coincides with our study. 

Suggestions

As enzyme activities can be used as a soil quality 
indicator, the studies conducted indicate that enzyme 
activities can provide information about the past of the 
soil. Although the number of the studies conducted on 
enzymes during the literature review seems to be high, 
when the results obtained are examined, the number 
of studies conducted in this area is still insufficient to 
understand enzyme activities. The fact that there are 
contradictory results among the research findings even 
in the most basic subjects (for instance, the relationship 
between urease enzyme activity and catalase) in the 
studies conducted suggests that the current studies are 
not sufficient to completely understand complex enzyme 
activities.

One of the reasons why researchers provide 
contradictory information can be the multiplicity of 
the factors affecting enzyme activities. Thus, many 
factors affect enzyme activities – from soil structure to 
climate factors and from the amount of organic matter 
to land use. Including one or more factors in studies and 
ignoring others may cause misleading results. Therefore, 
repetition of the studies in controlled environments and 
keeping factors other than the factors studied constant 
may provide an easier interpretation of enzymatic 
activities.
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