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Presentation Notes
I will briefly present the main threats on soil biodiversity, analyzing also the driving forces behind these threats
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A toxic white crust runs thraugh irrigated fields in Grand Valley, Colorado: Moisture evapaorating from the soil has drawn underground
saltto the surface. To keep the salt from damaging the roots of their crops, farmers must add even more water.
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Haiti has lost its 20il and the means to feed itself.
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But what is soil biodiversity



We have three level of biodiversity, gene level, species level and ecosystem level. Soil biodiversity is represented by the variety of organisms living in the soil
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COMMUNICATION COM(2006) 231 on the
Thematic Strategy for Soil Protection

DIRECTIVE COM(2006) 232 establishing a
framework for the protection of soil and amending
Directive 2004/35/EC

IMPACT ASSESSMENT SEC(2006) 620 of the
Thematic Strategy for Soil Protection
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* Food and other biomass production

* Environmental Interaction: storage, filtering, and
transformation

e Biological habitat and gene pool

e Source of raw materials

* Physical and cultural heritage

 Platform for man-made structures: buildings, highways
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The actula situation of the project is the following: we have aleady received and processed 62% ofsoil samples.
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Soil biodiversity decline

Sealing

Erosion
Organic matter decline

o Compaction
Salinisation

Landslides

Contamination
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e The range of organisms present in soil

* The variety and variability among living organisms
and the ecological complexes in which they occur

Smaller » Larger

Microfauna Mesofauna Megafauna
Size range 1-100 um Size range 100 um — 2 mm Size range > 2 mm

Bacteria: Tardigrades: Earthworms:
100 billion cells from
10,000 species Collemobla: Ants:

Fungi: Mites: Woaodlice:
50 km of hyphae from 500's Combined: 1,000

of species individuals from 100’s of Centipedes:

species
Protozoa: Combined: 100s
100,000 cells from 100's of individuals from 10's of
species species

Nematodes:
10,000 individuals from
100's of species
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We have three level of biodiversity, gene level, species level and ecosystem level. Soil biodiversity is represented by the variety of organisms living in the soil
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i BT Mammals!
5,000 moles, mice...
100 - 500 species

N

i

100,000
100- 500 species

INSECTS- ARACHNIDS
WORMS- MOELUSES

PRbTQEQA ~NEMATODES

PEANTS ROOTS

100,000,000,000
_10,000 species
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Soil can be considered the largest reservoir of soil biodiversity. The biological diversity in soils is several orders of magnitude higher than that aboveground (Heywood, 1995).
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*in 1 ha of arable soil there are approximately 5 tonnes of
living organisms (equivalent to 100 sheep)
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 if we consider a grassland soil the quantity of living
organisms will be equivalent to 2000 sheep!!!
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In quantitative terms the amount of organism living in the soil is huge


JRC SOIL VARIABILITY AT DIFFERENT SCALES

EUROPEAN COMMISSION Environment and

Sustainability

Institute for

IPROMO 2010 — Ormea, 20 July 2010 9



Presenter
Presentation Notes
In quantitative terms the amount of organism living in the soil is huge
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This highly simplified figure aims to give
some idea of the distribution of organisms
vertically through the soil profile:

* microorganisms such as bacteria (c) and
protozoa (e) are distributed throughout the
soil profile, although with the highest
biomass being found near the soil surface
which is richer in organic matter

* the two collembolans are adapted for
living at different soil depths with the
species shown in (a) being more adapted
for living on or near the soil surface and
that shown in (b) being more adapted to
living at deeper levels

» earthworms are also found in greater
numbers closer to the soil surface but can
also be found down to depths of 1 meter
or more
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In quantitative terms the amount of organism living in the soil is huge


E °
& JRC \vounTAINS: A MOsAIC OF EcosysTEMs WL
EUROPEAN COMMISSION Envirenment and

Categories of mountain terrain
4500 m
3500 - 4 500 m
2500 - 3500 m

1500 - 2 500 m and slope = 2°

1000 - 1500 m and slope = 5% or
lecal elevation range > 300 m

300 - 1000 m and local
elevation range = 300 m

Source: UNEP
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In quantitative terms the amount of organism living in the soil is huge
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In quantitative terms the amount of organism living in the soil is huge
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Many mountain ecosystems are host to higher species richness and
levels of endemism than adjacent lowlands.

Mountains at lower altitudes can support exceptional biodiversity, due
to compression of a wide range of ecosystems into a relatively short
distance.

Mountains also often provide islands of suitable habitat, isolated from
unfavourable surrounding lowlands.

Endemism levels are often high, particularly on mountains at medium
elevations in the tropics and warmer temperate zones.

For some taxa, mountains have acted as refuges from environmental
change or competing species, and they often represent sites of in situ
speciation.

Mountain species with narrow habitat tolerance, particularly higher
elevation forms and those with low dispersal capacity, are at high risk
from the environmental effects of climate change.

Source: CBD

m
JRC MOUNTAIN BIODIVERSITY LS
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In quantitative terms the amount of organism living in the soil is huge
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e There are a number of terrestrial soil environments that can

be considered extreme, from underground caves that stretch
deep into the Earth, to cold or hot deserts and including the
highest mountain tops.

Many of these extreme ecosystems, once thought to lack life,
are now known to host many organisms that have adapted
physiologically to survive and perform critical ecosystem
functions, such as biogeochemical cycling.

Although extreme soil environments often support food webs
that are limited in the number of species present, their
diversity provides unique species and an often seperate gene
pool for global biodiversity.

Therefore, organisms of extreme ecosystems are viewed as
valuable by many as a source for bioprospecting for
commercial, medical or industrial use. Furthermore, recent
evidence has shown that there is much to learn from extreme
environments and their soils.

Institute for
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In quantitative terms the amount of organism living in the soil is huge
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* The coldest environments on Earth are found at
high latitudes and/or high altitude (i.e. Polar Regions
and alpine areas) and cover a large proportion of
the Earth’s land surface area.

» All of these areas are undergoing significant
changes in biodiversity due to climate warming

* One dominant feature of cold environments is the
presence of a permafrost layer (i.e. ground that
remains frozen for more than 2 years).

* Permafrost presents some adverse growing
conditions for biota including extreme cold, and
frequent freeze-thaw cycles, enabling the selection
of peculiar soil biota communities
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In quantitative terms the amount of organism living in the soil is huge
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e Soll organisms are responsible for supplying the
environment with a number of critically important
ecosystem services

Soil formation

Decomposition of organic matter
Soil fertility and plant growth
Water infiltration and retention
Degradation of pollutants
Pollination

However the knowledge on the function performed by
soll biota Is still very limited.....
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e ... such as the knowledge on the relationships
between above and below-ground biodiversity...
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Biodiversity

Stability: ability to perform functions under large variation of
environmental conditions

Resilience: ability of a system to recover after disturbance
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Farm level:

» Contributes to the productive capacity of the
system by ensuring the mineralisation of
nutrients from organic resources and nitrogen
fixation;

» Buffers the functions of the soil and their
resilience to climatic and environmental risks.

Regional/national level:
» Ensure short term and long term resilience of
food security;

* Increases the aesthetic appeal of rural
landscapes, assuming a positive relation
between below- and above-ground diversity.

Global level:
» Biogeochemical cycles (organic matter
mineralization, nitrogen fixation, etc);

» Value of future possible but as yet unknown
uses or functions associated with some
aspects of soil diversity.
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e Species extinction Is a natural process

* The natural rate of extinction is 12 species/year

 We are actually experiencing the 6th Mass
Extinction, losing 15,000-30,000 species every year

e Soil organisms are not excluded by this process, that
represent one of the main threats for the future of the
Earth
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Habitat loss and degradation

Ower-exploitation

Invasive species

Human disturbance

Pollution

Natural disasters

Change in native species
dynamics

Incidental mortality

Disease

Persecution

BIODIVERSITY LOSSES

Mammals

Amphibians

Institute for
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Sustainability
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Soil biota
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Economical/utilitarian reasons
Ecological reasons

Ethical reasons

“.. Everyday we use living organisms, and
without them we can’t live. And everyday we take
this great benefit for granted ..... ”

Saint Francis of Assisi, 1225
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Taxonomic diversity
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Actvity World economic benefits
(Billions of $/year)

Waste recycling 760

Soil formation 25

Nitrogen fixation 90
Bioremediation of chemicals 121
Biotechnology 6

. Biocontrol of pests 160
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+« Many scientist are looking at soil

| biodiversity, especially in remote areas, in
Y an attempt to find the most promising
medicines for the future.

Crops are threatened by soil-borne disease which can
cause severe yield decreases and economic damage.

Soil biodiversity has the potential to limit the effects of soil-
borne diseases.
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 Many species of trees cannot grow
without a symbiotic relationship with
certain soil-based fungi such as
arbuscular mycorrhizal fungi (AMF)

sInvasive plant species, such as garlic
mustard, is causing a decline of AMF In
many native hardwood forests in North
America

* Mass extinction of soil-fungi would be
the corollary to a mass extinction of
trees in both tropical and temperate
settings
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e Strict records of mushrooms species have been kept in
Europe since 1912

e Data show a sharp decline in mushroom diversity (e.g. a 65%
decrease in mushroom species in The Netherlands over a 20
year period)

e Swiss Federal Environment Office has published the first-ever
“Red List” of mushrooms detailing 937 known species facing
possible extinction in the country
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*Increase of human population « SUSTAINABLE DEVELOPMENT

«Change of life style Environmental policy

Energy consumption /\ *Soil protection
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* Habitat disruption
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* Soil organic matter decline —COLOGICAL STRUCTURE
\ . . -Cha_nge of ecosystem

Soil erosion ) functions

_ _ -Los_s of ecosystem goods and

Soil compaction services

Soil sealing

Soil pollution ate

Human intensive exploitation

GMO pollution DIVERSITY DECLINE

. . Jiological diversity
Invasive species n of soil organisms

Habitat fragmentation
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Observed displacement:

1-4 m/10 years
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Taking into account an average decrease of 0,5°C per 100m of increasing altitude, this warming should theoretically lead to a shift in the altitudinal vegetation belts at a rate of 8/10 m/decade. The empirical values are far lower than this (1-4 m/decade), meaning that the vegetation movement is much slower than the increasing temperature: if the vegetation won’t be able to follow the increasing temperature, it will be upon great risk of extintion.
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Tre esempi:

2. US:  immagine  in cui si rappresenta lo spostamento da 10 foreste dominate da 10 differenti alberi dell’America secondo due scenari sviluppati con 2 modelli

Both the warm-moist climate change scenario from the Hadley climate model and the hot-dry scenario from the Canadian climate model suggest a significant northward shift in prevailing forest types. 





(Le  immagini sono tutte ricavate dalle citate pubblicazioni.)


EUROPEAN COMMISSION

IPROMO 2010 — Ormea, 2 July 2010
SV C [ J U

Institute for
Environment and
Sustainability

1990 = 100

115 —
] Built-up
area
110

105

100
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Population

1990 1995 2000

Origin of urban land uptake as % of total uptake

0.4 % 0.3 %
Open spaces Wetlands
5.7 % with little

0.5 %

Natural grassland, heathland, or no vegetation Water bodies

sclerophylous vegetation

9.0 %
Forests and transitional
woodland shrub

48.4 %
Arable land and
permanent crops

35.7 %
Pastures and
mixed farmland
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Susceptibility to Soil Erosion

0 250 500 1.000 1.500 2.000
[ ——

This map provides a complete
picture of the erosion risk for the 27
member states. It is derived from the
Pan European Soil Erosion Risk
Assessment (PESERA) and the
RUSLE (Revised Universal Soll
Loss Equation) model for Finland
and Sweden

Erosion risk
in t/ha/yr
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Source: PESERA Project, JRC — Kirby et al., 2004
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Soil Compaction

Termite species richness

30

20
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Term. spp = 54.544 - 42 872 BD
R-85q=77.1%

[ [ = ]

[ e

0.80 9 1.01 1 1.21 .3

Soil bulk density (g cm-3)
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Potential Loss of Organic Carbon

The potential of soil organic
carbon (SOC) loss refers to the
amount of SOC (in tC ha'l) that
can be lost by a given Soil
Typological Unit within a
bioclimatic region.

The potential of SOC loss is
calculated from the equation:
Potential of SOC loss = Mean
SOC - Min SOC

Risk classes

Limited

Enhanced

Source: SOCO Project, JRC
. Stolbovoy et al., 2008
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Soil Contamination
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This map shows the trend to find higher

cadmium concentrations in the UK,
Ireland, North of

France, Belgium, The Netherlands,
central Germany, Slovakia, Czech
Republic and Hungary. However, the
estimated cadmium values are below
the most limiting threshold value of 1
ppm for agricultural solls.

Total Cd
concentration

pPpm
N s

B 00

Source: European Soil Data Center, JRC
Lado et al., 2007
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Occurrence of Threats
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THREATS DEVELOPED DEVELOPING FAST GROWING
COUNTRIES COUNTRIES COUNTRIES

Habitat disruption + ++ ++
(Land use change, land use intensity, Climate change)

Climate change ++ ++ ++
Habitat fragmentation + + ++
Soil erosion -/+ ++ ++
Soil compaction + - ++
Soil organic matter decline + ++ ++
Soil sealing + + ++
Invasive species + ++ ++
GMO - ++ ++
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SOIL ATLAS OF SOIL ATLAS OF THE

ATLAS OF \“"
EUROPE NORTHERN SOIL "

Serwice
CIRCUMPOLAR BIODIVERSITY
REGION

TO UPDATE European Commission DG ENV

Assessment of soil biodiversity policy
instruments in EU-27

Fublication planned for mid-2010

[Contract 07.0307/2008/517444/ETU/B1]

SOIL ATLAS OF SOIL ATLAS OF Draft final report
AFRICA LATIN AMERICA

22" of September 2009

In association with

IRD=F

Institut de recherche
pour le développement

Fublication planned for 2011

Fublicition planmed for 2013

Bio Intelligence Ser caling sustainable developmant

http://ec.europa.eu/environment/soil/pdf/biodiversity report.pdf
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