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Concern about loss of biodiversity

Agreement at the Earth Summit in Rio (1992)
- Convention on Biological Diversity (CBD):
e conservation and sustainable use

e biodiversity; and goods and services through biodiversity

The Netherlands: 70% agricultural area (small nature areas)
- Strategic Action Plan (SPA, 1994):

e focus on soil organisms and
processes (life support functions)

e monitoring in a network > 1997
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Life support functions in Dutch soil (1997)

e Decomposition of organic material
- Fragmentation
- Transformation of organic substrate
e Cycling of nutrients (N, C, P, S, K, Fe, H20)
e Availability of nutrients for plants
e Formation of soil structure
— bioturbation
— aggregate formation

e Stability of soil ecosystem
and food web




1997 Biological indicator of Soil Quality (BiSQ)

/| 1) Bacteria (several endpoints)

2) Fungi (biomass)

3) Nematodes (community composition)

1| 5) Earthworms (idem)

Ji~| 6) Mites and springtails (idem)
7) Processes

8) Organic matter

9) More chemical and physical parameters

1l 10) Vegetation, crops
Schouten et al. 1997. RIVM report 712910005

[] - 1) Land management Schouten et al. 2004. Nem Mon Persp 2:469-482
| Rutgers et al. 2009. Eur J Soil Sci 60:820
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Organisms interact in food webs

g
TN

Hunt et al. 1987 Biol Fert Soils 3:57-68
De Ruiter et al. 1995. Science 269:1257-1260




Dutch Soil Quality
Network (DSQN)

20 categories:
e land use X soil type
e stratified grid; farm level

e represents ~75% surface
area Netherlands

Categories:
conventional farms,
organic farms (dairy or
arable),
nature, parks

Major soil types:

sand, peat, loess,
marine clay, river clay

QOO0 EBIOIBOEOOCOCO®OPS®OO® SO0

Sampling sites BISQ / DSMN

Dairy farm sand organic

Dairy farm sand extensive

Dairy farm sand intensive
Dairy farm sand intensive+
Dairy farm river clay intensive
Dairy farm marine clay organic
Dairy farm marine clay intensive
Dairy farm peat organic

Dairy farm peat intensive

Dairy farm loess organic

Dairy farm loess intensive

Arable farm sand organic

Arable farm sand intensive
Arable farm marine clay organic
Arable farm marine clay intensive
Horticulture sand
Bulb-growing sand
Semi-natural grassland sand
Heathland sand

Forest sand




Field sampling
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Field sampling
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Data

e Many (106-107)
e >100 pub’s

e VVariable but
realistic

nematodes

earthworms potworms

micro-arthropods

bacterial DNA
(DNA bands)

(taxa)

(taxa)

(fisher alfa)

(taxa)

diversity
(operational diversity units)

HoSa ArSa DaSa SgSa ArMc DaMc DaRc

land use and soil type

potworms nematodes
(n / 100g fw)

earthworms

micro-arthropods

bacterial biomass

(n/m2)

(n/m2)

(mg C/ g DW)

400

300

200

100

n

amount
(biomass or number)

HoSa ArSa DaSa SgSa ArMc DaMc DaRc

land use and soil type



ODU - dairy farming on clay (1999-2003)
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12 q

20 7

potworms (taxa)

50 1
10
40 A 151
P [ ] 8 -
’ :‘..‘ ... [ ]
[} ’ [ ] .: .- -
° .... ° 4 o /
201 4°° o 5 e o
[ BN [ ]
2 o o
10 0 1 0
0 10 20 0 10 20 0 10

nematodes (n/100g)

12000

10000 -

8000 +

6000 -

4000 +

2000 -

0

earthworms (n/m2)

900 1

600 -

300 A

10 20

20

micro-arthropods (taxa)

60
50 4 °
401 o 0 ° [ )

([ ]

oo’
30{ eo®

¢ oo
20 +~
o« 80
o
10 4
0 T T 1
0 10 20

bac

80 7

70 4

60

50 4

40 A

30 1

Rutgers et al. 2010.
RIVM report 607370002

20

teria (DNA bands) bacteria (ODU Biolog)
0.00 ~
L °
0.20 -
g 0.40 -
[a1]
g 0.60 -
=]
6
0.80 4
5 10 15 20
0 10 20 0 10 20

- Organic matter content (% dw)

Biomass — dairy farming on clay (1999-2003)
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SOIL SYSTEM

Bacterial pathway Detrital pathway

But we can easily merge this huge amount of informa  tion in a Cartesian plane
the Dutch Soil Monitoring Network | 06 December 2011
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intensity of stress

Data and assessment
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Ecosystem services (ES)
The benefits from

ecosystems

These include products
like clean drinking water
and processes such as the
decomposition of toxic waste. | supporing

Main categories Millennium
Ecosystem Assessment 2005
e Provisioning

CONSTITUENTS OF WELL-BEING
Security

" SECURE RESOARCE ACCESS
¢ SECURITY FROM DISASTERS

Basic material

inrqnndﬂu Freedom
* ADEGUATE LIVELIHCODS of choice
" SUFFRCIENT NUTRITIOUS FODD and action
| EHELTER

e Regulating =
e Cultural ARAOW'S COLOR

. Potentlal for mediation by
e (Supporting) e

E Modum
. o

o NCOESS TOGOO0S OPPORTLMITY TO BE
WHAT AN INDIVIDUAL
; VALLUES DOWG
Health AND BENG
© BTRENGTH
» FEELING WELL
© ACOESS TO GLEAN AR
ANDWATER
Good social relations
SOCIAL COMHESION
MUTUAL RESPECT
ABILITY TQ HELP OTHERS




Soil organisms provide ecosystem services

Literature and expert judgement, e.g.;
Mulder et al. 2011. Adv Ecol Res 44:277-357
Luck et al. 2009. Bioscience 59:223-235

SANDY SOILS CLAYS (CAMBISOL AND
(PODZOL) FLUVISOL)
Supporting services
Nutrient cycling Fungi (1), Lumbricidae (2), Enchytraei_dae (1), Collembola (
Protozoa (3), Enchytraeidae (4), Fungi (3), Protozoa (4),
Bacteria (5), Collembola (6) Lumbricidae (5), Bacteria (6),

Nematoda (7), Acarina (8)

Primary production Fungi (1), Nematoda (2), Nema_toda (1), Enchytraeidae (_2),
Lumbricidae (3), Protozoa (4), Fungi (3), Protozoa (4), Bacteria
Bacteria (5), Enchytraeidae (6), (5), Collembola (6), Lumbricidae

Collembola (7), Acarina (8) (7), Acarina (8)
Soil formation Lumbricidae (1), Enchytraeidae Enchytraeidae (1), Collembola (
(2), Fungi (3), Bacteria (4) Bacteria (3), Fungi (4),

Lumbricidae (5







Equations ecosystem services (ES)

soil quality = Z vy . ESsoili)

(weight factors y() were determined in a multi-stakeholder process)

ESsoii = f (biotics, abiotics, other)




10 ecosystem services at 4 arable farms

1. production related functions
a. nutrient retention and release
b. soil structure formation

c. disease and pest control

0.64
0.74
1.23

2. resilience and resistance
a. resistance and resilience

b. adaptation, land use change

0.65
0.80
1.05

0.72
0.65
0.69

0.70
0.66
0.76

0.93
0.77

3. Environmental functions
a. fragmentation mineralization OM
b. natural attenuation

c. water retention

d. climatic functions (humidity, gasses,..)

0.97
0.79

0.81
0.64

0.74
0.62

0.66
1.10
0.78

0.71
1.05
0.88

0.73
0.98
0.69

0.82
1.25
0.77

nat

disease and pest control 93%

i

solil structure 72%

\

nutrient retention 69%

biodiversity 84%

resistance resilience 89%

/

adaptation 73%

|

turn over OM 76 % \

ural attenuation 109% ™

Rutgers et al. 2011.
Sci Tot Environ (in press)




Conclusions and outlook

e Pragmatic choices enable quick and practical quantification of soil
quality through the performance of ES:

— validation of quantification schemes is still requested

- always do a comprehensive check with all stakeholders
for ‘forgotten’ ES

— use weight factors to prioritize ES for applications in DSS

e Ecosystem theory is required for quantification of ES;
not enough is known, but progress is accelerating .....

e Maps can be used in the stakeholder process and for awareness raising
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