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Workshop 3: A pan-European network and infrastructure - Sustainable and economically 
viable use of Microbial Genetic resources (MiGR) in food and agriculture

23- 24rd of November 2015 in Utrecht, The Netherlands

“Guidelines for the conservation and 

exploitation of the agricultural 

Biodiversity (GIBA)”.

National Plan for Agricultural Biodiversity



FAO - the intergovernmental Commission on Genetic Resources 
for Food and Agriculture

The intergovernmental Commission on Genetic Resources for 
Food and Agriculture, at its Tenth Regular Session in 2005, 
recommended that the Food and Agriculture Organization (FAO) 
and the Commission contributed to further work on access and 
benefit-sharing, in order to ensure that it moved in a direction 
supportive of the special needs of the agricultural sector, in 
regard to all components of biological diversity of interest to 
food and agriculture.

Background: Milestones versus the Guidelines
since 1992 Convention on Biological Diversity

2000 Cartagena Protocol
2004 International Treaty on Plant Genetic resources 

for Food and Agriculture



FAO- Multi-Year Programme of Work, the Commission on 
Genetic Resources

At its Eleventh Regular Session in June 2007, in adopting its
Multi-Year Programme of Work, the Commission on Genetic
Resources, recommended that FAO continued to focus on access
and benefit-sharing for genetic resources for food and
agriculture in an integrated and interdisciplinary manner and
agreed on the importance of considering access and benefit-
sharing, in relation to all components of biodiversity for food
and agriculture. It decided that work in this field should have
been an early task within its Multi-year Programme of Work.

Background



FAO- Twelfth Regular Session

The Commission accordingly considered the development of 
policies and arrangements for access and benefit-sharing for 
genetic resources for food and agriculture as a priority in its 
Multi-Year Programme of Work, at its Twelfth Regular Session, 
held in October 2009.



Benefit-sharing policies

To facilitate the Commission’s consideration of access and
benefit-sharing policies in the special area of microbial
genetic resources, two international workshops have been
organized on the exchange and use of microbial genetic
resources in the different sectors of food and agriculture.

Background



Microbial genetic resources

In order to understand how an appropriate system for global 
facilitated access to microbial genetic resources could work in 

the field of food and agriculture, it is imperative to have an 
exhaustive overview of use and exchange flows of these 

resources. Microorganisms are at the basis of the ecosystems on 
which food production depends. 

Background



Background: National framework

7 October 2010, State- Regions Permanent Conference

The Ministry for the Environment, Land and Sea has suggested, through the development of the National
Strategy for Biodiversity, several lines of action in respect of environmentally friendly agricultural policies for the
management and conservation of biodiversity.
This goal of environmental protection is also geared with the European “Common Agricultural Policy” (CAP). This
is a very important tool adopted by the State- Regions Permanent Conference on 7 October 2010 in order to
ensure in the coming years a true integration of “development objectives of the country and the protection of its
biodiversity”.

The NSB is organized around three key themes:
• biodiversity and ecosystem services

• biodiversity and climate change
• biodiversity and economic policies

The conservation of biological diversity is one of its most important goals, both in terms of species and genes, of
ecosystems and communities, for the sustainable use of its components and the fair and equitable sharing of
benefits arising from the utilization of genetic resources and the transfer of technologies related to it.





Adozione delle linee guida nazionali per la conservazione in situ, on farm ed ex situ, della biodiversità vegetale, animale e
microbica di interesse agrario. (12A08142) .

24-7-2012 GAZZETTA UFFICIALE DELLA REPUBBLICA ITALIANA Serie generale - n. 171



The NSB highlights some problems of the agricultural sector and focuses on specific
objectives:
“to promote the conservation and sustainable use of agricultural biodiversity, and
the preservation and dissemination of forestry and agricultural systems with high
natural value;
to preserve and restore ecosystem services in the agricultural environment;
to promote the safeguard of the territory (particularly in marginal areas) through
integrated policies that promote sustainable agriculture and benefit biodiversity by
contrasting abandon and marginalization of agricultural areas”.

In this rispect the guidelines are addressed to the Regions/AAPP and their
technicians which in turn will use them to guide farmers and other stakeholders in
conservation strategies through common, standardized and shared methodologies.

Moreover..
each book is scientifically rigorous, but at the same time easy to read and clearly
outlining all actions that an operator must carry out to achieve the conservation of
biodiversity of agricultural interest.



Guidelines for Conservation of Microbial 
Genetic Resources for Food and Agriculture
• The main objective of this work is to provide guidelines for the

conservation of microbial biodiversity of agricultural interest for the
two main sub-sectors related to food and soil fertility.

• Following decision of the WGAB (Working Group on Agricultural
Biodiversity)

the work focus exclusively on microorganisms.
• It is a document of scientific rigor, while providing operational

guidance to allow experts to plan for actions in the territory for
conservation of microbial genetic resources.

• In agriculture, microbial genetic resources conservation involves
fundamental aspects such as soil fertility, without which nothing
could be cultivated and preserved. Soil fertility is the core value to
preserve biodiversity and life on the planet.



The document provides operational hierarchical tools:
 Morphological or practical, phenotypic and molecular markers.
 Operational protocols for in situ and in factory conservation, as well as

for the sampling and ex situ conservation.

The Volume consists of six chapters:
(i) definition of the concept of microbial species for the sector,
(ii) description of morphological, molecular and objective markers,
(iii) description of the analytical methods to be used in the characterization
and isolation of microorganisms,
(IV) protocols for in situ, ex situ, on farm, in factory conservation;
(V) definition of the risk of genetic erosion,
(VI) concluding remarks and recommendations

For microorganisms a widespread and shared concept of species was used, the so called 
biological species concept (BSC), which is based on sexuality as the only means of 

reproduction. In fact, the vast majority of microorganisms are not known under this condition 
thus another species concept was to be found, different from the one used for animals and 

plants (see Guidelines Microbial).



Importance of microbial genetic resources: 
mission statement of the guidelines

The conservation of soil microbial genetic resources is essential
for ecosystemic services.

Microorganisms form the basis of most ecosystems on which agriculture
and food production depend, “agriculture and food production would not
exist without this “hidden” but critically important biodiversity” (FAO
paper n°57, 2011).

Microbial diversity in agriculture is a special example of interaction between
environmental conditions, microbes and the man activity.

Microbial communities involved in food farming are strictly related and are 
influenced by many genomic interactions and food competitions throughout the 

entire farm and food supply chain. 

For all these reasons it is necessary to safeguard the soil microbial genetic resource
not ignoring the soil-microorganisms plant system.



Scientists study soil ecosystem because of the fundamental need to
understand the dynamics of geochemical-biochemical-biophysical interaction
at the earth’s surface, especially in light of recent and ongoing changes in
global climate.

Roles of micro-organisms in sustainable agriculture and food security

Microbial diversity in 
agriculture is a special 
example of interaction 

between 
environmental 

conditions, microbes 
and the man activity.  



SOIL BIOTA
Superorganism

James Lovelock (1970)
theorized, as GAIA
hypothesis that the Earth
behaved as a
superorganism, with an
intrinsic ability to control its
own climatic and chemistry
and thus maintain an
environment favorable for
life.



Soils are the major habitat for plants, 
animals and micro-organisms

 Millions of micro-organisms can be present in few milligrams of soil.

 Fungi, bacteria, algae, etc. form a complex food web that is still only

partially known and understood.

 Many species still are waiting to be correctly identified and described.

 Recognising that soils contain as much biodiversity as the above ground

habitats requires to take steps towards protectioning this precious

resource from further degradation.

 Soil organisms, as integer part and evolutionary cause of soil itself in soil

fertility, conservation and reclamation.



Why Soil Micro-organisms?

 soil micro-organisms play a key role in the biogeochemical
cycles of nutrients for ecosystem productivity. This relatively
thin layer on earth is essentially non-renewable that plays a
vital resource in maintaining a functional biosphere;

 soil diversity is correlated with soil functions;
 Microorganisms as well as soil microorganisms, have

biotechnological potential



To improve the monitoring of biological fertility of soil related to soil health and
food productions.
To promote education of population on the importance to preserve microbial
biodiversity to mitigate global climatic changes for food security: are not well
known the importance in the mitigation and adaptation to climate change of soil
microorganisms.
Soil life is critically important for the provision of the ecosystem services and
agricultural ecosystems production are directly connected with the biotic part of
the soil (microorganisms)
Microbial genetic resources of Agricultural and Agroindustrial concern are key
players in food production, in foodstuffs conservation, and in biogeochemical cycles
of nutrients for ecosystem productivity, therefore they are a crucial factor providing
life on earth.
MGR are critical not only to produce and deliver food but also for production of
energy based on plant or other organic materials and for bioremediation of
agricultural wastes.

Reasons why the guidelines for conservation of MGR for food and agriculture is a  
necessary tool to adopt



Calls for a capillary action of biodiversity monitoring and conservation

The risks of genetic erosion and strain or species
substitution is a serious threat for the progress and
conservation of microbial diversity and hence of
agriculture, especially in view of the increasing
demand of food supplies in terms of quantity and
quality. This situation calls for a capillary action of
biodiversity monitoring and conservation with
sustainable and accurate approaches, fitting to
different situations spanning from an almost
complete erosion to a still large diversity, as
detected in some areas of traditional production.

In other words no crop or animal production can exist without the contribution of
microbes in the soil fertility and in the food transformation processes.

Bloem J., Hopkins D., and Benedetti A. Eds (2006):”Microbial Methods for assessing soil
quality”. CABI Publishing.



The Invisible Biodiversity



Microorganisms 1.000.000 – 11.000.000/mq

Plants  some hundreds

Worms 3.000- 13.000/mq

Animals dozens



Crop performance is directly correlated with soil fertility and ecosystem services (3) that control soil formation,
nutrient bio-chemical cycles and plant nutrition by carbon fixation and carbon mineralization, in addition to
soil structure, water regulation, gas exchange resulting from metabolism and the fixing activities of micro-
organsims. Further, soil borne micro-organisms are natural competitors to plant pathogens and can remediate
soil pollution due to xenobiotic substances. Many plant pathogens are micro-organisms (1), but micro-
organisms are also plant and rhizosphere inhabitants (2) and biological control agents (4) and further, once
crop based agricultural products are produced micro-organisms are critical to food production through
fermentation processes and food conservation (5).



Agricultural Microbial Genetic Resources (AMIGRs) (FMIGRs) 
within their assigned functional groups

A1. Plant Symbionts
 These are symbiotic microorganisms whose actions directly improve plant 

growth (for example, root nodulating bacteria enabling nitrogen fixation 
in legumes, mycorrhizae, etc.)

A2. Associative organisms (free-living)
 There are free living microorganisms that elicit a positive reaction when 

in intimate proximity with a plant or animal (for example azotobacter
supplying small amounts of nitrogen to plants). 

 Microorganisms that are used in decomposing organic matter and 
transform mineral nutrients in the soil. These are primary agents of 
nutrient recycling, greenhouse gas emission mitigation, soil structure, 
nutrient acquisition by plants.

A4. Rumen organisms
 Microorganisms in rumen of methane-producing animals such as sheep and 

cattle ; break down cellulosic plant components.
A5. Microorganisms that are pests and cause diseases (plant and animal 
pests and diseases)



Agriculture

A6. Biocontrol agents
 These are microbial pathogens of weeds, fungi, insects, nematodes or 

competitors of other pest microorganisms
A7. AMIGR products
 Microorganisms used for producing commodities and fine chemicals 

used in agriculture ; mainly through the production of primary 
metabolites from microorganisms

A8. AMIGR processes
 Use of microorganisms in agricultural biotechnology. Their contribution 

consists in the metabolisation of molecules (for instance for pollution 
clean-up), catalisation of reactions or as a tool in genetic engineering.



The guidelines propose:

Preliminary Objectives Laboratory

Markers “from simple to more complex”, a multi-step procedure 



To grossly assess the level
of diversity present in a
farm or in a sampling
sites.

To show a status or characteristics
that link a product or environment to
essential microbial metabolic
processes

Markers detectable
through accurate analysis
in the laboratory

Visible Size and shape



1. Description of Genetic resources: importance, role, monitoring and
conservation

a. Concept of species: definition of microbial species
b. Appropriate knowledge of Microbial genetic resources: known and yet

unknown

2. Definition of markers used in conservation of microbial genetic resources
a. Hierarchical level of markers
b. Applicability, scientific robustness

3. Methodologies (standard protocols)
a. General classification of markers for food and agriculture
b. Critical analysis of methodological approach: advantages and

disadvantages
c. Detailed description of methodologies

Innovative aspects of the guidelines



4. Critical analysis of systems for microbial conservation
a. Description of systems of conservation (in situ, ex situ, on farm, in factory)
b. Limitations due to the current collections (exploiting novel sources)
c. Critical analysis of methodological approach
d. Strategic proposal: logistical and organizational solution
e. Technical and scientific solution

5. Systems for assessing the risk of extinction, erosion and replacement of MGR
a. Concept of microbial genetic erosion: extinction, substitution and erosion
b. Monitoring microbial biodiversity: strategy and technical solution
c. The key role of agri-environmental monitoring



Create/implement a network for the conservation of 
environmental and food microbial genetic resources

Food

AMBIENTE

Microorganisms

Environment



Sustainable conservation
of biodiversity requires a
different approach. The
proposed way forward is
therefore to promote
awareness of biodiversity
and prefer forms of
conservation that allow
free evolution of
biodiversity in natural
environments or in those
affected by agricultural
activity.



Natural Area

Typical
product

Preliminary markers:
To grossly assess the level of diversity
present in a farm or in a sampling sites. They
are those allowing to identify a site or
situation that is potentially interesting for
characterization and conservation of
biodiversity of agricultural interest.

Soil fertility

Quality of 
foodstuff

Objective markers:
All parameters that allow to show a status or
characteristics that link a product or environment
to essential microbial metabolic processes so as
to determine unique and characteristic results.

Markers for 
definition Markers for 

description

Laboratory markers:
detectable through accurate analysis in the 
laboratory and are in turn divided into: macro- and 
micro morphological markers, physiological and 
molecular markers. 



Concrete application of the guidelines at National level

 Training of the staff involved in the conservation action: technicians,
farmer-custodian and regional personnel (Applicability of the Guidelines
for users)

 Inform about the structure of microbial diversity in various typological,
geographical and temporal areas and during its development. Definition of
the best markers and combination.

 Spatio-temporal monitoring functional to controlling risk situation and to
keeping the conservation operation

 Encourage a permanent and multidisciplinary observatory to merge the
transfer of scientific knowledge and know-how with the enforcing of the
proposed Guidelines for the conservation of microbial diversity.



Concrete action of conservation

Ex situ conservation: collection for the maintenance of MGR

Ex situ conservation was the first form of preservation of microbial diversity
long before the treaties on biodiversity and the development of specific
sensitivity in this regard.
From the second half of the nineteenth century microbiologists have
started to keep the strains that they obtained, trying to conserve them.
Only after the Second World War refrigeration and even freeze-drying
spread around. Freezing at very low temperatures in liquid nitrogen or at -
80°C became available only towards the end of the last century and these
conservation methods are now considered among the most valuable and
widespread.
This brief history of the maintenance of strains is functional in two aspects:
to understand the different types of conservation and to understand that
the related technologies are still under development.



In situ conservation

It is the study and the subsequent evaluation of the microbial
diversity associated with a particular strain or plant species. It is
known from literature that each plant species in the soil releases
some root exudates also as a result of climatic and environmental
characteristics, which will attract a specific microbial population.
This will create the edaphic microenvironments that constitute
food webs associated with specific plant. This means that
specially in the case of typical plant species or those risking
erosion, the sole ex situ conservation of plant germplasm
may not provide the desired result.



collections

Few of these organisms are domesticated but many are
consistently associated with food production ecosystems.
Despite considerable interest in specific areas regarding
microorganisms and the existence of substantial and diverse
culture collections, the breadth of the subject has meant that
the sector has so far received little systematic attention.



They are invisible, but we can see their action and also their aspects to the naked eye

absence

presence

action action action action

action

action

http://search.alice.it/tools/service/immagini/preview.cgi?qs=argilla&imgsz=&offset=0&url=http://www.labofficina.it/exhibit/exhibit.htm&img=9-xk6n8kUHu9WM:http://www.labofficina.it/images/argilla.jpg&formato=220x299%20pixel,%2011K%20-%20jpg&oimg=http://www.labofficina.it/images/argilla.jpg
http://search.alice.it/tools/service/immagini/preview.cgi?qs=argilla&imgsz=&offset=0&url=http://www.labofficina.it/exhibit/exhibit.htm&img=9-xk6n8kUHu9WM:http://www.labofficina.it/images/argilla.jpg&formato=220x299%20pixel,%2011K%20-%20jpg&oimg=http://www.labofficina.it/images/argilla.jpg
http://static.cibocanigatti.it/gatti/il-gatto/tigna_O1.jpg
http://static.cibocanigatti.it/gatti/il-gatto/tigna_O1.jpg
http://www.dietabellezzaebenessere.com/wp-content/uploads/2012/07/antibiotico-per-denti.jpg
http://www.dietabellezzaebenessere.com/wp-content/uploads/2012/07/antibiotico-per-denti.jpg


Concrete Action proposed by the guidelines

Preliminary markers



Direct and simple observation!



LEVEL ACTION

0 Matrical analysis: the farmer-custodian must be
helped to fill the matrix.

1 Evaluation of the BFI of soil

2 Analysis of gnetic and functional composition of
microbial community

3 Sequencing and characterization of specific species
and possible conservation ex situ

4 Space-time bound monitoring. Spatial monitoring
may be vouluntary, while time-bound

CASE A 

CASE B

CASE A

CASE B

ROUTIN
E

RISK OF 
EROSION

1 4
Soil sampling

1

Collect all the 
preliminary data

Conservation of plant 
genetic resources

2 3 4

In situ conservation: an ecosystemic approach for a 
dynamic and effective conservation



Importance of the ecosystem approach

 The ecosystem approach is particularly important for understanding the
role of microorganisms in agricultural systems because of the multiple
interactions that occur among microorganisms and with the other
components of the system, including plants.

 Microorganisms link cropping systems across space and time, as micro-
organisms selected for by one cropping system may have effects on other
cropping systems.

 Building our understanding of micro-organism communities will be
important for understanding climatic effects on agriculture. An approach
that incorporates ecosystems will make it possible to evaluate climate
effects more realistically, and will facilitate estimates of error in

predictions.

Background study paper no. 57, May 2011 Fen Beed1, Anna Benedetti2, Gianluigi Cardinali3, Sukumar
Chakraborty4, Thomas Dubois5, Karen Garrett6 and Michael Halewood7 



As result of activity carried 
out during the Cost Action 
831 was published the 
Handbook

“Microbial methods to 
assessing soil quality”
Bloem, J., Hopkins, D. and 
Benedetti, A. Eds 
(CAB International 2006)



• Metodi Ufficiali di Analisi fisica del suolo 
(G.U. n. 204 del 02/09/97)

• Metodi Ufficiali di Analisi chimica del suolo 
(G.U. n. 248 del 21/10/99) 

• Metodi Ufficiali di Analisi delle acque per uso agricolo e zootecnico 
(G.U. n. 87 del 13/04/00)

• Metodi Ufficiali di Analisi microbiologica del suolo 
(G.U. n. 179 del 1/08/2002)

• Metodi Ufficiali di Analisi biochimica del suolo 
(G.U. n. 61 del 13.03.2004)



Indicators of 1st level: information about the soil fertility
All the indicators capable of defining soil quality in terms of chemical, physical
and biological characteristics. The aim of this first level of analysis is to
provide a definition of soil quality, that influences agricultural sustainability
and consequently is directly correlated with the biodiversity index. Soil quality
has been defined as the capacity of the soil to produce healthy and nutritions
crops.
In this case it’s useful and necessary to define soil biological fertility (BFI
index, Pompili l. and Benedetti A., 2006).
Reliable measurement and interpretation of biological soil quality, in a world
that realize once more the potential of the soil natural resource, is an
important task. As for most quantitative analysis, it is necessary to account
for methodological, spatial and temporal variability, which can be done
analyzing an appropriate number of replicates in the laboratory and in the
field. The first step in assessing biological soil fertility, is to perform simple
chemical, biochemical and physiological tests capable of revealing metabolic
processes of soil microbial communities.

Objective markers



The chemical and biochemical analysis used to describe the
principal information by soil are:

Parameters
Score

1 2 3 4 5

Organic matter (%) <1 1 – 1,5 1,5 – 2 2 – 3 >3

Basal Respiration (ppm) <5 5 – 10 10 – 15 15 – 20 >20

Cumulative Respiration (ppm) <100 100 – 250 250 – 400 400 – 600 >600

Organic carbon (ppm) <100 100 – 200 200 – 300 300 – 400 >400

Metabolic quotient >0,4 0,3 – 0,4 0,2 – 0,3 0,1 – 0,2 <0,1

Mineralization quotient <1 1 – 2 2 – 3 3 – 4 >4

Fertility Level
I II III IV V

Alert Pre-alert, Stress medium optimal High

Score 0-6 6-12 12-18 18-24 24-30



Laboratory micro-morphological markers

Microorgansims cannot be seen on a naked eye, and it’s very difficult 

to isolate and cultivate them!! 

Observing and counting microorganisms reflect the number and the volume of
microbial cell in soil. These markers include all methods capable of defining the weight
and number of soil microorganisms. The conventional methods are based on viable or
direct counting procedures. However many microorganisms remain uncultivabel.

Using specific culture media, specific functional groups of microbes can be counted.
However, even with general growth media, the numbers of microbes detected are
usually at least an order of magnitude lower than those obtained by direct microscopy.
But, a disadvantage of microscopic counts is that visual counting is subjective and
relatively time consuming.
Direct enumeration techniques allow the counting of total numbers of bacteria, but no
give indication of the composition of the respective communities and it allow to obtain
a preliminary information about microbial number.



Then we move to more sophisticated tests, indicated by the findings in the first set.
These can then be followed by other, much more sophisticated and specific diagnostic
investigations.

This group of methods includes the most-up-to date techniques for acquiring
ecological and molecular data.

Only a small fraction of the soil microbial community has been determined!! 

The use of molecular techniques for investigating microbial diversity in soil
communities continues to provide new understanding of distribution and diversity
organisms in soil habitats. But none of the methods stands alone! They must be
interfaced, and the results obtained must be correlated.

The first step is the DNA extraction, a critical step for the molecular procedures in
environments field. The next step is the choice of a molecular approach capable to
identify, characterize and describe microbial communities in detail (T-RFLP, DGGE or
next generation sequencing).

Given the cost of analysis, it’s advisable to perform it in sites of special interest!! 

Laboratory molecular markers

Indicators of 2nd level: identification of real biodiversity of microbial
communities



 CLPP or Biolog 
 Sequencing
 Omnilog Phenotype Microarray

Laboratory physiological markers

Indicators of 3rd level: «who does what», or «who am i»
Then we move to get insight into functional diversity that reflect both the genetic that
the physiological activity or organisms inhabiting the system.

One of the most complex parts of work flow is in the assessment of relationships
between different parameters, as it embraces the choice of the appropriate monitoring
techniques and consideration of the interpretative criteria of results obtained by the
previously methods.

These markers are based on identification of specific functional groups (e.g.
nitrification and denitrification) for determination of microbial metabolism.



Microbial activity can be divided into real and actual activity.
Actual activity means the activity microorganisms develop when conditions necessary
for metabolism are less than optimal, as occur in the open field. This activity can be
determined using field sensors.
Real activity means metabolic activity, including enzymatic activities, that soil
microorganisms are capable of developing under optimal conditions.

This level consists solely of the timing and spatial actions. Regions will have to
establish on how many sites biodiversity of soil should be monitored.

1. At this point some campaigns for monitoring over time may be organized: always on
the same site through surveys every 5 years.
2. On the same strains, but on different sites in the region: one-off, but should
different organisms be found a new data collection should be organized.
3. At random, without correlation to crops, but following the example of the European
standard “LUCAS” within squares of 9 km x 9 km.

Indicators of 4th level: Timing and spatial actions



The decision on the appropriateness of monitoring as the former is subject to
objectivity and discretion. Clearly, the choice must take into account the
sustainability of choice, knowing that ex situ conservation is severely limiting in
terms of the maintenance of effective microbial genetic resources and that is the
most expensive, especially in terms of energy. On the other hand, preservation
in the form of collection is the first choice in case of change of technology or high
risk of erosion or replacement.

Coordinated efforts employing, research, capability development and
communication backed by a robust policy framework are essential for this
to happen.

International cooperation/coordination between farmers, government
institutions, research agencies and living reference collections will be
critical in characterizing and sharing microorganism genetic resources for
agriculture to support crop production patterns as they move due to
climate change.

Concluding remarks
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Thanks for your attention

GIBA aims to provide a collaborative work environment inspiring

excellence, to drive collaboration across borders and disciplines, to

promote global responsibility towards biodiversity and to construct

an innovative Europe.



7 Principals points

LUCAS Sampling: A case study

Il suolo della Provincia di Pavia –

34 Secondaries 
points

116 Tertiaries Points



North-western Stress

Biological Fertility

stress/pre-alert

medium

optimal 

The analysis of Soil Fertility Biological Index showed…..

Center- Medium

South– Optimal

Bio- Bio Project (Biodiversity-Bioindicators to evaluate soil health). Ed. R. M. Cenci, F. Jena
EUR 22245 EN (2006) Bio- Bio Project. Microbial indicators for assessing biological fertility
status of soils. Pompili et al., 2006.
Il suolo della Provincia di Pavia. Commissione Europea, ISBN 1092-894-8619-8 pp. 48



Case study

1) Bacillus firmus, Bacillus simplex, Bacillus licheniformis Isolated in a
fumigated soil by methyl bromide



The main objective of this work was to
evaluate the effect of the 1,3-D
(dicloropropene) fumigant on microbial
activity, microbial biomass and diversity
of heterotrophic culturable microbial
communities of soil, although they
represent a minor proportion of bacteria
inhabiting soil.

The soil was fumigated by 1,3-D against
nematodes in Maccarese (Rm) zone
cultivated with carrots for more than 20
years.

Mocali,S., Paffetti,D., Emiliani, G., Benedetti, A., Fani, R. Biol Fertil Soils (2006).

Soil characteristics. Sand 92%, pH 8.3, 
Organic matter 0,43%.

Bacillus firmus, Bacillus simplex, Bacillus licheniformis



Bacteria were estracted from fresh soil and diluted in saline solution (0.85%
NaCl) at suitable concentrations. Aliquots (0.1 ml) of each dilution were plated in
triplicate onto Luria-Bertani medium. Only few colonies were observered.
PCR amplification, restriction analysis and sequencing of bacterial 16S rDNA was
performed. By restriction analysis of amplified DNA was obtained ARDRA profile
(haplotypes).

ARDRA analysis



Taxonomic analysis 

haplotype Species % on total

C2L8 Bacillus firmus 26
FL13 Bacillus firmus 12,7
C2M7 Bacillus simplex 11,7
FL3 Bacillus licheniformis 8,4
F+CM7 Arthrobacter sp. 5,8

5 haplotypes are correspondend to the
64% on the total bacterial species

 

Group 2 

Group 4 

Group 5 

Group 3 

Group 1 

16S rDNA gene sequencing



• It is possible that the selective pressure
induced by 1,3-D had strongly favoured
microorganisms resistant to the fumigant
through the formation of spores.
However we cannot exclude the
possibility that a number of strains might
have survived by degrading the fumigant
agents.

• The fumigation by 1,3-D produced an
high soil biological fertility loss and
selected bacteria community.

• The bacterial species recovered could
be used to recolonized degradated sites
by fumigants.

CONCLUSIONS



Questions addressed

 Use and global exchange of agricultural and food microorganisms and 
their benefits

 Use of genetic resources (past/ status quo/ trends)
 Extent of use/ addition of value

 Domestication, development of genetic resources by humans
 Typology of main users (e.g. public/ private; small-scale/ large scale)
 Trends in genetic diversity (erosion, conservation, causes, underutilization)

 Global exchange of GR (past/ today/ trends)
 (types of genetic materials, sources (in situ / ex situ), typology of main 

providers, global transfers, historical  ratio national/ international 
transfers, trends in global exchanges) 

 Benefits of use and exchange of GR
 Adaptation potential of GR
 Food security and poverty alleviation
 Incentive for Conservation 
 Commercial benefits
 Interdependence
 Underutilization as cause of genetic erosion
 Need for continuous maintenance



Questions addressed

 Current practices of exchange of agricultural and food 
microorganisms

 Current terms and modalities for exchange of GR
 Availability of GR (public gene banks, global pools, 

regional networks)
 Effects of legal or technological restrictions on use 

and exchange of GR
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