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Soil biodiversity 

measurements; Prospects for 

National Scale Deployment



ÅEuropean Soil Framework Directive (20??)

ÅWill establish legal obligations for nation-

states in Europe to protect all soil functions 

that sustain ecosystem services

ÅRCEP, 1996 (Sustainable Use of Soil)

ÅñInclude biological measures of soil quality 

in future surveysò

Why have indicators

of soil quality?





Soil-dependent

ecosystem services



Critically, these are

RENEWABLE services



Global value of functions 

conducted by soil

organisms
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Pimnetal et al. (1997) Economic and environmental benefits 

of biodiversity. Bioscience 47, 747-757



"SOIL QUALITY"

ÅSoils that are 'fit for purpose'

ÅComplex systems - many components involved

ÅPOLICY

Åneed for monitoring

ÅSCIENCE

Åwhat are appropriate measures ?

ÅCrucial role of soil biotaé



ÅGovernment funded policy-directed research 

(2004-2010)

»Indicators, includes Defra SQID 

Project 

»Design & Deployment of UK Soil 

Monitoring Network

ÅUK Soil Indicators consortium

www.defra.gov.uk/environment/land/soil/resea

rch/indicators/consortium/index.htm

Towards a UK Soil Monitoring

Network



ÅSoil is a living system

ÅImplicit role of soil biology

ÅThree soil functions 

ÅBiomass production

ÅEnvironmental interactions

ÅSupporting habitats & biodiversity

ÅEcosystem services

Why biological  indicators

of soil quality?



SOIL QUALITY 

INDICATORS (SQID)

ÅFunded by UK Department 

of Environment, Food and 

Rural Affairs [DEFRA]

ÅSP0529 (2004-05)

ÅSP0534 (2006-08)



THE SQID TEAM
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ÅPaul Chamberlain
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Number of journal papers published since 1931

on topics directly relating to biological indicators of soils 
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Selection of biological indicators?!



SQID APPROACH

ÅIdentified comprehensive set of potential biological 

indicators

ÅApplied a structured approach 

Åscore each indicator against a wide range of scientific 

and technical criteria

Åmapping onto goods-and-services provision

ÅFramework used to rank, prioritise and prescribe a 'top tier' 

of indicators for national-scale deployment

ÅProvide information on soil functions to meet UK policy 

objectives



ÅSQID Phase I (2004-2006)

» Critically compare potential BSQIs to 

identify candidate set

ÅSQID Phase II (2006-2009)
» Field trial the BSQI candidate set to 

address uncertainties and surrogacy

Two Phases



INDICATOR LIST
n = 183

%GC profiling Å Acetylene inhibition of CH4 oxidation Å Adenylate energy charge  (AEC) Å AM fungi (onion assay) Å AM fungi NLFA Å Amidase Å Aminopeptidase Å 

Ammonium oxidising assay Å Ammonium-N hydrolysis  Å Anoxic incubation for CH4 production Å Antibody probes Å Ants - in situ visual recording Å Archaea - PLEL  Å 

ARDRA/RAPD/RISA - Actinomycetes Å ARDRA/RAPD/RISA - AM fungi Å ARDRA/RAPD/RISA - Ammonia oxidisers/denitrifiers Å ARDRA/RAPD/RISA - Archeae Å 

ARDRA/RAPD/RISA - Bacteria Å ARDRA/RAPD/RISA - Coliforms Å ARDRA/RAPD/RISA - ITS fungal  Å ARDRA/RAPD/RISA - Methanogens/methanotrophs Å 

ARDRA/RAPD/RISA - Nematodes Å ARDRA/RAPD/RISA - Protozoa Å Arylsulphatase Å ATP Å Automated direct obs. biomass microsp. Å Bacterial biovolume by 

microscopy Å Bacterial DNA synthesis 3H-thymidine Å Bacterial protein synthesis 14C-leucine Å Bait lamina Å Bait sticks Å BiologCLPP Å Biosensor 

bacteria/fungi/algae Å Catabolic potential selection assays - xenobiotics Å Cellulase Å CFU - bact/fung  ARDRA/RAPD/DGGE etc Å CFU - bacteria Å CFU - bacteria + 

Biolog/API Identification Å CFU - fungi Å Chitinase Å Chloroform fumigation C - CFE Å Chloroform fumigation C - CFI Å Chloroformfumigation N - CFE Å Chloroform 

fumigation N - CFI Å Chloroform fumigation P - CFE Å Chloroform fumigation S - CFE Å Chlorophyll a content, acetone extraction procedure (algae) Å Cyanobacterial 

counts (MPN) Å Cytochrome (p450) Å Dehydrogenase Å DGGE/TGGE/SSCP - Actinomycetes Å DGGE/TGGE/SSCP - AM fungi Å DGGE/TGGE/SSCP - Ammonia 

oxidisers/denitrifiers Å DGGE/TGGE/SSCP - Archeae Å DGGE/TGGE/SSCP - Bacteria Å DGGE/TGGE/SSCP - Coliforms Å DGGE/TGGE/SSCP - ITS fungal  Å 

DGGE/TGGE/SSCP - Methanogens/methanotrophs Å DGGE/TGGE/SSCP - Nematodes Å DGGE/TGGE/SSCP - Protozoa Å DNA - re/dis-association kinetics Å DNA-

DNA hybridisation  Å Earthworms (hand sorting) Å Earthworms (in situ hot mustard Xn) Å Earthworms (wet seiving) Å Enchytraeids ( O'Connor wet extraction) Å 

Ergosterol Å FISH - keystone species Å Fluorescein diacetate hydrolysis (FDA) Å Functional gene arrays Å Fungal growth 14C-Acetate Å Fungal hyphal 

length/biovolume by microscopy Å Fungilog CLPP Å Galactosidase Å Glomalin (AM fungi) Å Glucosamine (fungal) Å Glucosidase Å Glucuronidase Å Hexane fumigation 

extraction Å In situ multiple trace gas (Ecoprobe 5) Å In-situ flow through trace gas fluxes Å In-situ static trace gas fluxes ÅInvertase Å Invertebrates Pitfall traps Å ISO 

Barley germination test Å ISO Barley root elongation assay Å ISO springtail  reproduction test Å ISO/OECD earthworm reproduction test Å Litter bags Å Long-term C 

mineralisation Å Metabolic quotient (qCO2) Å Methane emission - headspace analysis Å Methane uptake - headspace analysis Å Microarthropods Tullgren dry 

extraction Å Microbial quotient (Cmicro/Corg) Å Microcalorimetry Å Microplate fluorometric assay - multi-enzyme Å Microtox Å MPNfrom selective growth media Å 

Multiple substrate induced respiration (MSIR) conductimetric Å Multiple substrate induced respiration (MSIR) GC Å Multiple substrate induced respiration (MSIR) 

IRGA Å Multiple substrate induced respiration (MSIR) MicroResp Å Muramic acid (bacterial) Å N fixers direct isolation Å N minanaerobic incubation method Å N-acetyl-

beta-glucosaminidase (Nag) Å Nematode Anhydrobiotic extraction procedure Å Nematode Baermann extraction procedure Å Nematodes (O'Connor wet extraction) Å 

Nematodes differential sieve extraction  Å Nematodes Sugar centrifugation extraction Å Neutral red retention (worm) Å N-fixation 15N dilution Å Nitrate reductase Å 

Nitrite reductase Å On site visual recording - fauna Å P32 Root uptake bioassay Å Phenol oxidase Å Phosphatase Å Phosphomonoesterase Å Phylogenetic analysis 

actinomycete (cloning) Å Phylogenetic analysis AMOX (cloning) Å Phylogenetic analysis archaea (cloning) Å Phylogenetic analysis bacterial (cloning) Å Phylogenetic 

analysis fungal (cloning) Å Phylogenetic analysis methanogens/methanotrophs (cloning) Å Phylogentic gene arrays Å Plant Root Nodule count Å Plant seed bank -

counts Å Plant seed bank - germination Å Plaque assay Å PLFA profiles Å Protease Å Protozoan direct counts from soil extracts + microscopy Å Protozoan MPN Å 

qPCR AM Fungi Å qPCR Ammonia oxidisers/denitrifiers Å qPCR BAP fungi Å qPCR Ectomycorrhizal Å qPCR Methanogens/methantrophs ÅqPCR Rhizobium spp. Å 

Radiorespirometry specific substrates Å Respiration - CO2 - conductimetric Å Respiration - CO2 - GC Å Respiration - CO2 - IRGA ÅRespiration - CO2 - titration Å 

Respiration - O2 - GC Å Respiration - O2 - manometric Å Rhizobium MPN Å SCAR/WAVE Amplicon analysis - Actinomycetes Å SCAR/WAVE Amplicon analysis - AM 

fungi Å SCAR/WAVE Amplicon analysis - Ammonia oxidisers/denitrifiers Å SCAR/WAVE Amplicon analysis - Archeae Å SCAR/WAVE Amplicon analysis - Bacteria Å 

SCAR/WAVE Amplicon analysis - Coliforms Å SCAR/WAVE Amplicon analysis - ITS fungal  Å SCAR/WAVE Amplicon analysis - Methanogens/methanotrophs Å 

SCAR/WAVE Amplicon analysis - Nematodes Å SCAR/WAVE Amplicon analysis - Protozoa Å SIR-GLUC Å Soil proteomics  Å Stress proteins- a/body detection Å 

Sulphoesterase Å Total ds DNA (Picogreen) Å Total ds DNA UV absorbance Å Total PLFA Å Total RNA (Ribo green) Å Total RNA UV absorbance Å TRFLP -

Actinomycetes Å TRFLP - AM fungi Å TRFLP - Ammonia oxidisers/denitrifiers Å TRFLP - Archeae Å TRFLP - Bacteria Å TRFLP - Coliforms Å TRFLP - ITS fungal  Å 

TRFLP - Methanogens/methanotrophs Å TRFLP - Nematodes Å TRFLP - Protozoa Å TVC Bacterial (microscopy) Å TVC Fungal (microscopy) Å Urease Å Xylosidase



SQID APPROACH

ÅRanking based upon factors:

Åpertinence to ecosystem goods-and-services

Åapplicability to range of ecosystems

Ådiscriminatory ability 

Åtechnical issues

Independent scoring of indicators

ÅProject team (3 organisations) & independent expert panel 

(12)

» >30,000 separate expert decisions!

Åmathematical amalgamation of scores for ranking 

exercise



óLOGICAL SIEVEô



Match top ranking 
indicators to ecological 
processes & structures 
to assess coverage of 
soil functions

Gap analysis: coverage

of soil functions

ECOLOGICAL STRUCTURES 

AND PROCESSES

ñeconomic and social valueò

ñhuman benefitò

ñnatural capitalò

ñbiophysical foundationò

ECOSYSTEM FUNCTIONS

including soil functions

ECOSYSTEM GOODS 

& SERVICES




