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Abstract

Soil enzymes are a group of enzymes that inhabits in soil and play a key role regularly in
maintaining of ecology, physical and chemical properties, fertility and health of soil. These enzymes
work in biochemical processes of overall organic matter decomposition in the soil system. In
addition, these enzymes catalyze the reactions that are necessary in vital processes of soil
microorganisms, stabilization of soil structure, decomposition of organic wastes and nutrient
cycling. Decomposition of organic matter is a complex process that requires the combined effects of
multiple organisms. In particular, soil microorganisms help to depolymerize and mineralize the
complex organic compounds into the small molecules by producing many different extracellular
enzymes. Determination of different extracellular enzymes in soil was revealed as an important tool
for the evaluation of soil functionality in the context of nutrient cycling and microbial nutrient
demand. Among the extracellular enzymes related with nitrogen (N), urease (urea amidohydrolase,
EC 3.5.1.5) is responsible for the breakdown of urea. In general, amidohydrolases are good proxies
in nitrogen mineralization and they transform small nitrogen containing organic compounds into
inorganic N compounds like ammonia (NH3). Urease breakdown specifically urea into ammonia
and carbon dioxide (CO;). The enzyme lives widespread in soils and it’s one of the soil enzymes
that were determined experimentally for the first time in the 1940s. Urease has an important role in
the occurrence of accessibility of N for plant growth in N cycle and in the widespread usage of urea
as a fertilizer. Studies about the importance of soil urease activity and effects of different
applications on this enzyme were examined in this review. Based on these studies, it may be
suggested that more field-based and long-term researches are required for the determination of
unknown factors that decrease the efficiency of urease in the ecosystem.
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1. Introduction
1.1. Enzymes

Enzymes are molecules that speed up the reactions by lowering activation energy levels of these
reactions (Figure 1). In living organisms, enzymes are proteins that act as biological catalysts (Alef
& Nannipieri, 1995; Onal, 2010). Part of enzyme that only contain protein and not contain any non-
organic and non-inorganic other molecules is called “apoenzyme”, catalytic structure of enzyme
that is protein based and contain organic or inorganic other molecules is called “haloenzyme”.
Metal ions that are not protein and are required for enzyme activities are called “cofactor” while
other organic molecules that are required for enzyme activities are called “coenzyme”. Molecules
that are converted through entering reaction by enzymes are called “substrate”. Enzyme molecules
contain a catalytic site in a specific region and they catalyze the substrates with this site. This site is
called as “active site” (Onal, 2010). Every enzyme’s active site is unique to substrate that were
catalyzed. This uniqueness results as the one of the most important properties of enzymes that
makes both their catalyzed reaction type and substrate types unique. However, uniqueness of
catabolic enzymes generally is lower than the enzymes that take place in anabolic reactions (Onal,
2010; Sahin, 2020).
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Figure 1. Mechanism of enzymatic reaction (E: Enzyme, S:Substate, P: Product, Onal, 2007)

On the other hand, their roles in plant nutrition can’t be replaced with another compound. Their
functions in dissolving of food in ionic forms that are necessary for the survival of plant and animal
kingdoms are quite pragmatic. Enzymes are important for the understanding of belowground
biochemistry and of role of soil in global carbon cycle. These biological agents are active as in
living soil organisms and function independently as extracellular proteins produced and released by
roots and fungi into the soil. Enzymes in the soil can survive for weeks and maintain a ghostly after
life activity (Bakshi & Varma, 2011)

1.2. Soil Enzymes

Enzymes in the soil system play important biochemical functions in the organic matter
decomposition (Burns, 1983; Sinsabaugh et al., 1991). These biological agents are important for
catalyzing important reactions necessary for the vital processes of microorganisms in soils and for
the stabilization of soil structure, the breakdown of organic wastes, formation of organic matter, and
nutrient cycling (Dick, 1994). These enzymes in the soil are continuously being synthesized,
accumulated, and/or decomposed and therefore they play a key role in nutrient cycling in
ecosystems (Dick, 1997; Tabatabai, 1994).

Soil enzymes have a close relationship with the other biological properties of soil while they play an
important role in mineralization process in the soil (Frankenberger & Dick, 1983; Tate, 1987).
Increase in soil enzyme activity generally showed correlation with the increase of soil organic
matter (Speir, 1977). This condition indicated that soil microbiota related with population dynamics
(Speir, 1977; Speir & Ross, 1976). Enzymes that were supported by organic applications directly
can affect soil enzymes. Many of the enzymes have important roles in the formation of durable
organic molecules that contributes the chemical stability of soil ecosystem (Arcak et al., 1999).

Due to their non-resistant condition to the environmental factors, enzymes that entered to the soil
through plant residues lose their activity by constant breakdown . For this reason, increase of plant
enzymes in soil as a result of any condition could be a significant effect on soil enzyme activities.
Urease activities in the soils continuous wheat culture were lower than in the soils of fallow and
legume fields. Compared to fallow and stubble lands, urease activities increased in legume rotation
applied fields. This increase could be explained with the conversion of atmospheric nitrogen into
organic nitrogen by enzymes that were released by nitrogen bacteria using atmospheric nitrogen
through the decrease activation energy levels of nitrogen molecules (Haktanir, 1973).

One of the most important functions of ecosystems is to be the maintaining of matter and energy
cycles in the soils. In this context, soil microorganisms have great importance for the regulation of
these energy and matter cycles (Alef & Nannipieri, 1995; Dotaniya et al., 2019; Kandeler et al.,
2011; Tabatabai, 1994; Tabatabai, 2003). Intracellular enzymes within microorganisms and
extracellular enzymes originated from microorganisms, plants and soil fauna that were both free in
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soil liquid phase and adsorbed by clay and humic substances take place in the decomposition of
organic matter (Srinivasa Rao et al., 2017; Utobo & Tewari, 2015). Soil enzymes’ ability of quick
reaction to natural or anthropogenic factors and determination of their response with easy, sensitive,
accurate and cheap methods attract the interest of many scientists (Dotaniya et al., 2019; Kizilkaya
et al., 1998; Kizilkaya et al., 2004). Thus, soil enzymes are considered to be biological indicators
for understanding of changes in natural (Kuscu, 2019) and agricultural (Kizilkaya et al., 1998)
fields against environmental factors and soil quality and fertility (Dotaniya et al., 2019).

Because of regulation of organic residues and soil enzymes are interrelated with each other, not
only introduction of organic residues to the soil may have important roles in soil chemical and
biochemical environment but also rates of plant available nutrients could be affected for crop fields
as well as other life forms in soil. Thus, it’s estimated that any regulator with the effects of soil
biological populations indicate some changes in soil enzyme activity levels practically. Enzyme
activities in soil can greatly be affected by plant species. In addition, changes in enzymatic activities
are related with enzyme production (Arcak et al., 1999).

Groups of soil enzymes include:1. Enzymes related with living and metabolically active cells in
soil; found in cell’s cytoplasm, bound to cell wall or as extracellular enzymes that have been
produced by the cell itself, 2. Enzymes related with viable but non-proliferating cells (such as
spores), 3. Enzymes that are linked with dead cells or with cell debris, or which have diffused away
from dead/dying cells that originally produced them, 4. Enzymes that are permanently immobilized
on soil clay and humic particles (Bakshi & Varma, 2011)

These enzymes as indicated in Table 1 may be consist of amylase, arylsulphatases, glucosidase,
cellulose, chitinase, phosphatase, protease, and urease released from plants, animals, organic
compounds and microorganisms, and soils (Bakshi & Varma, 2011).

Table 1. Overview of enzymes studied in soil and litter (Baldrian, 2009)

Enzyme EC Process
Endoglucanase 32.14
Cellobiohydrolase 3.2.1.91 Cellulose degradation
B-glucosidase 3.2.1.21
Endoxylanase 3.2.1.8
%ﬁg?;iggga:: 332211)75( Degradation of hemicelluloses
Esterases 3.2.1.XX
Endochitinase 3.2.1.14
N-acetlyglucosaminidase 3.2.1.52  Polysaccharide degradation
a-glucosidase 32.13
Mn-peroxidase 1.11.1.13

Lignin peroxidase 1.11.1.14
Laccase (phenoloxidase) 1.10.3.2
HyO,-producing enzymes 1.1.3.XX

Lignin transformation

Proteases 3.4.21.XX
Aminopeptidases 34.11.XX N acquisition
Urease 3.5.1.5
Phoshomonoesterase 3.1.3.1 P acquisition
Phospohodiesterase 3.14.1
Arylsulfatase 3.1.6.1 S acquisition

1.3. Soil Urease Activity

Urease (Urea amidohydrolase, EC 3.5.1.5) is one of the most important enzymes that play a key
role in nitrogen cycle (Kuscu, 2019; Srinivasa Rao et al., 2017; Tabatabai, 1994). This enzyme was
first crystallized by Sumner in 1926 and with this study Sumner was given Nobel Chemistry Prize
in 1946 (Kappaun et al., 2018; Sumner, 1926). Urease broke down C-N bonds that take place
outside of peptid bonds in the amids (Tabatabai, 1994). Having nickel ions (Ni*?) on active site as
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cofactor, molecular weight of urease enzyme is between 1510 and 4800 kDa. This enzyme take
place in catalyst reactions of hydroxyurea, dihydroxyurea and semicarbazides as well as it uses urea
as substrate and converts it to ammonia and carbon dioxide (Kappaun et al., 2018; Srinivasa Rao et
al., 2017; Tabatabai, 1994).

Sources of urease enzyme in nature are plants, animals and microorganisms (Dotaniya et al., 2019;
Kandeler et al.,, 2011; Tabatabai, 1994). In addition, urease can be found in soils and
microorganisms as intracellular structure and in humic substances and mostly combined with other
soil colloids as extracellular structure (Kandeler et al., 2011; Kappaun et al., 2018; Kravkaz Kuscu
& Karadz, 2015). Urease in extracellular structure can protect its catalytic activity for a long time
while free living extracellular urease can be rapidly breakdown by proteolytic enzymes in enzymes
(Kandeler et al., 2011; Utobo & Tewari, 2015). It was reported that urease activity in nature ranged
between 0.14 and 14.3 pmol NH3-N gr'! h'! (Kandeler et al., 2011; Nannipieri et al., 2002). In
another study, it was ranged between 24.12 and 39.03 mg N 100 g! dry soil (Kizilkaya et al., 1998).
It was noted that urease activities in soils had an important relationship with soil properties like
organic matter, texture, pH, cation exchange capacity (CEC) while urease activity was increased
through the mixation of organic residues with soils (Ozdemir et al., 2000).

Many researchers have reported the correlations between soil urease activity and some of the soil
properties (Dharmakeerthi & Thenabadu, 1996). Urease activity was found to be positively related
with CEC, contents of silt and clay and organic carbon (OC) while it was negatively related with pH
and sand irrespective of depth (Singh et al., 1991). In addition, Speir et al. (1980) indicated that
urease activity was to be significantly correlated with protease activity, OC, total sulphur and
nitrogen (TN). A positive correlation was found among urease activity and silt with clay, TN and
OC (Dash et al., 1981). It was reported that urea hydrolysis rates in cultivated soils were positively
to be correlated with TN and OC (Reynolds et al., 1985). Urease activity had showed high
correlation with OC and weak correlation with pH in 100 surface soils in Australia (McGarity &
Myers, 1967). It was indicated that most of the variation in urease activity in studied soils was
caused by organic matter through using multiple regression analysis (Zantua et al., 1977). On the
other hand, there was found no relationship between urease activity and OC or texture in acidic tea
soils but it was reported that activity of this enzyme was dependent on polyphenol content of soil
(Wickremasinghe et al., 1981).

Relationship between soil urease activity and vegetation of the soil was also reported (Palma &
Conti, 1990). Urease activity was higher in soils under vegetation than vegetation free soils and
authors attributed it to higher microbial activity and proliferation in the rhizosphere (Reddy et al.,
1987). Urease activity was lower in uncultivated soils taken from Himchal Pradesh than in
grassland and forest soils while authors claimed that this enzyme activity was highest in grassland
soils (Gupta & Bhardwaj, 1990). In addition to that, urease activity in the cultivated soils was much
higher than in non-cultivated (40 years without cultivation) (Fenn et al., 1992). It was reported that
soil urease activity was constantly decreased in fallow soil while it remained stable under rye grass
as time passed (Speir et al., 1980). When a plant cover was eliminated by a herbicide, soil urease
activity was decreased (Voets et al., 1974).

One of the most variable indicators among the tested spatial variability of many enzyme activities
and chemical properties was reported to be soil urease activity (Bonmati et al., 1991). But the
amount of urease decreases in deep horizons of soil profiles that is a common situation with many
enzymes (Dharmakeerthi & Thenabadu, 1996). Soil urease activity was highest in the surface
horizons (McGarity & Myers, 1967; Myers & McGarity, 1968; Roberge & Knowles, 1967). In
addition, urease activity in subsurface horizons was 1.6 times lower than in surface horizons of
Appalchian soils (Baligar et al., 1991). It was indicated that soil organic carbon content was the
major factor affecting the level and distribution of urease activity in the soil profile but other soil
properties like soil texture, gleying and reaction modify this relationship within particular horizons
(Myers & McGarity, 1968; Tabatabai, 1977). For instance, it was reported that urease activity in
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surface soils was lower than in sub soil of central irrigation fields of South Africa (Thormahlen &
Du Preez, 1991).

Urease activity in non-calcareous soils was higher than in calcareous soils while it was low in saline
soils based on the study of Myers and McGarity (1968). Due to the harmful effects of calcium
(Ca™) on organisms that produce urease, soil urease activity was reported to be much less in both
alkaline and carbonate rich soils (Skujins, 1967). In another study, Sahrawat (1980) reported that
highest and lowest urease activities in rice fields was determined in alkalized Maahas clay (Maahas
clay+1.3% Na>CO3) soils and in the Malino acid-sulfate soils in Philippines, respectively. Same
author claimed that the existence of 0.5% NaCl (Sodium chloride) had no effect on soil urease
activity while alkali increased it.

While determining the conditions of urea to water logged soils, researchers found that much less
pronounced in flood water overlying the soil than in soil (Delaune & Patrick, 1970). Any urease
activity in flood water of rice soils was not detected by same author through the incubation of these
soils in the laboratory. On the other hand, this activity was determined in the some of the flood
waters of rice growing soils and it was claimed that part of the urea applied on the surface water
may be enough for hydrolyzing (Sahrawat, 1980).

1.4. Effects of Some Applications on Soil Urease Activity
1.4.1. Pesticides

It was reported that urea hydrolysis was inhibited by some certain substituted urea herbicides
(Diuron, Fenuron, Linuron, Monuron and Neburon) for 10 to 30 per cent in soils in Italia (Cervelli
et al., 1976). However, most of the studies in the last fifteen years showed that herbicides and
fungicides appear to have no effect (Bacmaga et al., 2012; Cycon et al., 2010; Romero et al., 2010;
Tejada et al., 2011; Yan et al., 2011) or decreased urease activity (Caceres et al., 2009; Sukul, 2006;
Tejada, 2009). Treatments of pesticides cause reduction in urea hydrolysis and it leads to decrease
in soil urease activity. This process is generally considered as beneficial, because it helps to regulate
nitrogen availability to plants (Antonious, 2003). On the other hand, urease activity was stimulated
by fungicides carbendazim and validamycin, respectively, up to 70% and 13-21% (Qian et al.,
2007; Yan et al., 2011). The amendment of pesticides except carbendazim and validamycin appear
to have no influence on or inhibit the urease activity (Riah et al., 2014)

1.4.2. Organic Materials

Soil urease activity was increased in a maize field that was fertilized with oat cover crops
(Mukumbareza et al., 2015). Using organic fertilizers like compost, straw mulch and sewage sludge
increases and soil tillage decreases the activity of urease (Crecchio et al., 2004; Kizilkaya &
Bayrakli, 2005; Meyer et al., 2015). In addition, application of wintery wastewater in four different
vineyard soils increased soil urease activity more than municipal water (Mulidzi & Wooldridge,
2016). In contrast, soils fertilized with a nitrogen source in a long term decreased soil urease
activity compared to unfertilized soils (Mohammadi, 2011)

1.4.3. Soil Warming

Meta-analysis of soil warming experiments showed that urease activity was increased by soil
warming and the magnitude of this increase depended on warming duration, increase in temperature
and ecosystem (Bai et al., 2018). After up to two years of soil warming, soil warming increased
urease activity by 29%. This activity increased by 16% with warming of 0-1.5°C and by 8% with
warming more than 1.5°C. The order of increased urease activity was reported as forests (32%)>
shrub lands (10%)> grasslands (9%)> wetlands (10%) (Bai et al., 2018)

2. Conclusions

Soil enzymes are catalysts that maintain decomposition of organic matter and nutrient cycling in
soils. Improving the soil management and quality require a better understanding of the function of
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soil enzymes and the condition affecting their activity. It was clearly indicated that one of the most
important enzymes in soil is urease that determine the fate of urea in soil. Soil urease activity may
be affected by temperature, organic materials, pH, moisture, pesticides as well as quality and
quantity of substrate. It can be concluded that more field-based and long-term researches are
required for the determination of unknown factors that decrease the efficiency of urease in the
ecosystem based on the studies in this review.
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