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Abstract

Substrate utilization rate is a value of functional diversity specific for every ecosystem. The microbial groups are
responsible for the exploitation of nutrient resources and conversion of organic matter, releasing into the soil the
necessary enzymes for decomposition and mineralization processes. Monitoring the microbial enzymatic activity in the
soil provides a number of useful indicators in determining the quality and equilibrium of soil. The enzymatic activity is
concentrated in the rhizosphere of plants, the scale of the interpretation of the enzymatic processes ranging from a
micro-level to a macro-(landscape) level. Enzymes provide good indications on biogeochemical cycles of elements,
with a higher intensity of activity near to the soil surface. The study of soil enzymes provide effective analytical units
for microbial processes, nutrient reserves and composition of microbial communities.
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1. Introduction

The microbial community is responsible for Enzymes are proteins with measurable soil
the materialization of organic matter in the soil and  activity, the enzyme tests conducting to rapid,
involves a high number of metabolic processes, simple and highly accurate results [7].
circulating the nutritive elements and stabilizing the Enzyme’s sensitivity is correlated with the
soil’s structure [1, 2]. genetic expression and the environmental changes,

For understanding the functioning of the microbial composition determining the

ecosystems, it is required to relate to species and  catalyzing potential of the substrates [8].
functional diversity, through establishing the Knowing the enzymes origin offers a better
connections between abundance and composition  understanding of the microorganisms involved in
[3]. Functional microbial diversity is strongly the biogeochemical cycles and the energy and
related to the presence/absence of utilizing specific  nutrients transfer paths in the soil’s nutritive
substrates and the utilization degree [4, 5]. network [9, 10].
Diminishing a specific group’s dimension is not The soil’s enzymatic activity is the expression
equivalent with the reduction of a process in the  of sum between all activities of enzymes capable of
soil, the emerged space in the ecological niches catalyzing the same reaction, although with different
being exploited by microbial groups with similar  origin and spatial location in soil [6, 11].

functions [6]. In the soil’s enzymatic economy, the
- microbial activity is defined only by the enzymes
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The mineralization—decomposition biological
processes may be analyzed: at molecular level -
highlights the enzymatic characteristics of the
organic matter decomposition, at organism level —
adjustment of enzymatic expression and growth
kinetics, at community level — involves the
metabolism, microbial succession and competition
processes [13].

The purpose of this study is to assess the
potential of testing enzymes for determining the
microbial diversity, establishing the connections
with the functional diversity. At the same time, the
enzymatic activity is evaluated, for describing and

better understanding the soil’s fertility, with
applications in defining the soil-plant system.
2. Kinetics and classification of enzymes

The enzymes are proteins capable of

increasing the speed of reactions, with low energy
consumption, considered as activators of biological
systems and biochemical transformations in the soil.
In soil, the extracellular enzymes are released from
the decomposed organic matter and adsorbed onto
colloids, acting on specific substrates [14].

The enzymatic activity is based on the
existence of cofactors, small sized molecules
required for completing the catalytic structure of
enzymes [15]. The enzymes which require cofactors
are active only at intracellular level, demanding the
simultaneous presence of cofactors in the substrate
[16]. The catalization of reactions is specific to each
enzymatic group, at the reaction’s ending these
remaining unmodified, the entire activity depending
on pH, temperature and presence/absence of
inhibitors/activators [17].

At high temperatures or extreme pH-s takes
place denaturation of enzymes [18].

The Kkinetics of enzymes in solutions is
described by the Michaelis-Menten (Eqg. 1.) equation
and highlights the measuring potential of enzyme’s
affinity for the substrate [19, 20]. V - speed of
reaction, S — substrate, Vimax — maximum speed of
the enzymatic catalysis, achieved at the enzyme’s
saturation on a substrate with infinite concentration,
Km - Michaelis constant, equal to the substrate’s
concentration at half of the maximum speed.

(Eg. 1)

The actual classification of enzymes is
performed based on the executed function and
contains six classes: EC 1 — oxidoreductases, EC 2 —
transferases, EC 3 — hydrolases, EC 4 — lyases, EC 5
- isomerases and EC 6 — ligases [21]. Each class
contains sub-classes and sub-subclasses, the

V=V max [S] / Km + [S]

enzymes name being given by the substrate with
which it reacts.

3. Origin and spatial distribution

The most important sources of enzymes in the
soil are the microbial cells, the enzymatic proteins
being a major component of the cells cytoplasm
[22]. The enzymatic activity is a good indicator of
soil quality and microbial activity, at the basis of
this phenomenon being the sensitivity of
microorganisms to soil management techniques and
environmental conditions [23, 24].

Microbial degradation and hydrolysis of the
organic compounds takes place after the enzymes
are released in the cell’s exterior, thus starting the
catalysis  processes of decomposition and
mineralization of nutrients [25]. The soils rich in
enzymatic proteins are characterized by higher
energetic transfer and circulation of nutrients, with
benefic effects on the environment quality and
increased outputs [26]. The origin of the same
enzyme may differ as location in both the cells
which produce it as well as the soil’s extracellular
matrix [15]. A series of enzymatic proteins are
considered bounded, in a natural form, and are
acting in the soil as part of complexes established
with organic and inorganic colloids [27].

The primary producers of enzymes from the
rhizosphere are considered the microorganisms,
which play a role in the formation of compounds
which are absorbed and used by both the plants and
microbial groups [28].

Microbial activity in the rhizosphere is
stimulated by the release of extracellular enzymes at
roots level or through rhizodeposition, the
enzymatic activity increasing in these areas
compared to the extra-rizospheric soil [29]. Most of
the extracellular enzymes have a reduced mobility in
the soil, which determines their activity in the
vicinity of the secretion area, the systems thus
created having gradual concentrations, with a
maximum reached in the area of plant roots [30]. As
the microbial population decreases, along with
distancing from the rhizosphere, the observed
enzymatic activity also decreases, related with the
more and more reduced quantity of radicular
exudates, the mass flow and diffusion of used
substrates by microorganisms [31, 32].

The heterogeneous distribution of enzymes in
soils is due to their capacity to bond in clay-humus-
enzyme type complexes or on particles of organic
matter [33]. The clay’s particles dimensions allow
the attachment, growth and protection for the
microorganisms and as well the extracellular
enzymes, offering an increased stability to these
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complexes for the wvarious conditions of soil
management techniques [34].

The distribution scale of enzymes in soil may
vary from a few microns - to millimeters (micro-
scale), to a few meters (meso-scale) and at the level
of high dimensions ecosystems (macro-scale).
Heterogeneity at a reduced scale, connected with
microbial abundance, is due to the preferential
trajectories of water flow in the soil, these systems
ensuring the development of substrate for
microorganisms [35]. Extreme microorganisms,
with severely preferences for aerobic/anaerobic
conditions, may use preferential transfer paths for
nutrients and a wide range of substrates [36, 37].

At a medium vertical and horizontal
distribution scale of enzymatic activity are defined
the productivity premises, soil quality and
ecosystem  stability [38, 39]. The vertical
distribution of enzymatic activity is affected
negatively by the soil compaction level and the
amount of microbial biomass, along with the
guantity of organic carbon [40].

The horizontal distribution of enzymatic
activity is tightly connected with the vegetation
successional stage; in the first stages the enzymes
specific to the carbon cycle are active, while once
the succession changes, the enzymatic activity
related to the nitrogen cycle increases [13].

The interpretation of macro-scales for
indicators of enzymatic activity are a form of
information  aggregation in regards to the
biogeochemical cycle, subject to the climatic
gradients and long distances crossed by substrates
[41]. The spatial dependency of enzymatic activity
is directly proportional with climatic, topographic,
geologic and vegetal conditions of units [42].

4. Monitoring of the enzymatic activity

The enzymes offer indications on the nutrient
cycles in soil, most important for the carbon cycle
being xylanase, amylase, cellulase, lipase,
glucosidases, and invertase; for the nitrogen cycle
relevant are considered to be: proteases, amidases,

urease, and deaminases; for phosphorus—
phosphatases;, and for sulphur — arylsulfatase [43,
44, 45, 46].

In general, the enzymatic activity decreases
proportionally with the depth, being correlated with
the microbial activity and the carbon and organic
nitrogen contents in soil [47, 48]. The soil’s
enzymes have reduced catalysis speed and high
Michaelis constants, which indicates a low affinity
for the substrates they convert [49].

The intra- and extracellular localization of
enzymes, correlated with the spatial variability and

the interactions with environment, produce a map of
the enzymatic activity at a high scale [50]. Biotic
enzymes are associated with viable cells and may be
localized intracellular — in cytoplasm, in periplasmic
space, or at the exterior surface of the cell [51].

The other enzymes are considered abiontic,
and may exist in the adsorbed form in clay or in
complexes with humic colloids [52]. The abiontic
component offers indications over the semi-
permanent changes, protection of the complexes in
which it is integrated, promoting the stability of the
soil matrix [53].

At the microbial community level, species
capable to use the enzymes existent in the soil
solution or in the organic-mineral complexes may
be activated without the need of energetic
consumption required for their synthetize [54, 55].
These aspects may be used in describing, at low
scale, the functioning of the microbial communities.

Studying the enzymatic activity at vertical
and horizontal meso-scale level offers analysis units
for microbial processes and the reaction towards the
management technologies overlapped to the type of
soil [56, 57].

Synthetizing in soil quality indicators helps to
calibrate the models for interpreting the enzymatic
activity, independent to the type of soil [58].

Monitoring the enzymes at macro-scale is
efficient in developing the soil quality indicators
due to the microbial activity, concurrently offering
information about the microbial groups, nutrient
reserves and chemical properties [59, 60, 61].

5. Conclusion

The enzymes are catalyzers of the reactions of
nutrient cycles in soil, ensuring the degree of
coherence of these processes. The enzymatic
activity is an indicator of the soil quality as a result
of direct dependence of soil biota dynamics and
sensitivity to the applied management. Determining
the functioning of enzymatic processes may be used
as a measure of the microbial functional diversity
and assessment of the microbial ecological
characteristics.
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