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DESCRIPTION OF THE INDICATOR

Name of the indicator: For several decades, enzymatic
activities have been considered good indicators of the bio-
chemical functioning of soils, whether they are natural or
anthropised. Often associated with microorganisms’ acti-
vities, they ensure the distribution through the soil of many
ecosystem services such as the development of cultivated
plants, animal productivity, quality of the environment,
human health...

Figure 1: Roles played by microorganisms
and their enzymes in nitrogen cycle

Type of indicator: Associated with major geochemical
cycles such as nitrogen cycle (Figure 1), sensitive to a
great amount of anthropic pressure, soil enzymatic activi-
ties show a great potential of bioindication. They are bio-
markers of the functioning of soils.

DESCRIPTION OF THE METHOD

Despite great controversy regarding interpretation of results from soil enzymatic activities measurements, many tech-
niques have been developed for a large range of enzymes, including hydrolases and oxidoreductases. They differ in
respect of the used substrate, operational conditions (especially pH), incubation time and detection methods (colouri-
metry, fluorometry or radiolabelling).

Different steps are (Fig. 2):

= Collection on 0-20 cm of a soil sample representative of the plot (3-5 spots per plot)
® Homogenisation, sieving and weighing of soils

® Preparation of a soil solution, and distribution in microplates

= Addition of a specific substrate and incubation

= Stopping the reaction and readings on the spectrophotometer

® Retrieval and analysis of results

Figure 2: Description of the different steps of enzymatic activities measurement
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Activities are automatically calculated in standard files (Figure 3), and expressed as unit (U) or milliunit (mU) per
gram of dry soil, directly in a file. Data can therefore be quickly generated and analysed.

Figure 3 : Example of
enzymatic activities
calculation table

INTERESTS AND LIMITS OF THE INDICATOR

The interests of such indicators are to get a global vision of all degradation cycles of organic matter, to be very
selective and very sensitive, thus usable at low levels of activity. Besides, soil enzymatic activities measurement
methods are easy to implement and cheap.

However, monitoring these activities has its limits. Currently, the operation of activities measurements in soils leaves
us with very few quick and automatable methods for the monitoring of a great number of samples. Collected data
are therefore often fragmented. A better interpretation of results would imply to have reference situations avai-
lable, in order to evaluate natural spatio-temporal variations. It is also necessary to access multiple disruption
situations including soil use, plant cover, chemical inputs. These results, achieved according to standardised pro-
tocols, should ultimately lead to the construction of frames of reference for their interpretation. Another strong
constraint lies in the availability of sampling storage methods that are not harmful to activities. Finally, enzymatic
activities measurements must be associated with measurements of other biological and physic-chemical indicators.
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EXAMPLE OF APPLICATION

The measurements of numerous enzymatic activities involved in the cycles of carbon, nitrogen, phosphorus
and sulphur have been conducted on a large scale in the course of the ADEME's Bioindicateurs | & Il programs.
One of these programs’ goals was to improve our knowledge on the biological functioning of soils in order to
provide indicators of soil quality, therefore leading to wiser soil management procedures. The idea was in par-
ticular to evaluate the sensitivity and limits of use of such indicators, to build a frame of reference for data in-
terpretation and to transfer results for risk assessment.

Example of application for agricultural practices

The effects of agricultural practices on enzymatic activities have been highlighted in many case studies (Figure 4) and
we were able to demonstrate that:

= Crop rotations significantly impact the 13 enzymatic activities under study (with different thresholds of significance)
= Tillage significantly impacts 7 enzymatic activities

= Organic amendments have a significant impact on 6 enzymatic activities

Figure 4: Responses of enzymatic activities to agricultural practices

Four enzymatic activities distinguish themselves and respond to all 3 agricultural practices:
Alkaline phosphatase - Urease - B-glucosidase - Arylamidase
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Example of application for contaminated sites

Results achieved on contaminated sites (Figure 5) show that:

= Metal and arsenic contaminations impact respectively 11 and 13 enzymatic activities
= Organic contamination only impacts significantly 2 enzymatic activities

Measurements conducted on the program’s contaminated sites helped:

® Discriminate plots under cultivation from forested plots

= Discriminate different levels of forested contamination

= Rank the effects of contaminants on the biological functioning of studied plots

= Discriminate the effect of contamination levels in relation to plant cover by highlighting the leading role of specific
enzymatic activities.

® Define 2 enzymatic activities that significantly respond, no matter what type of contamination they were exposed to:
Arylamidase (ARYL-N) and alkaline phosphatase (PAK)

Figure 5: Responses of enzymatic activities to contaminations (blue frame: enzymes responding to all factors; green frame: enzymes only responding
to metal contaminations)

PERSPECTIVES

In order to facilitate the diagnosis of the biochemical state of soils based on enzymatic activities measurement, our
goal is to be able to choose from these activities depending on the agronomic or environmental issue at stake, and
to position them within a frame of reference. To achieve this, the construction of a multienzymatic index is essential.
It will need to be based on enzymatic activities that are significantly impacted by a range of factors, agronomic data
or ecosystem services, such as the Puglisi et al. index (2006).
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