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Assessment of SOIL 
Quality Using a 

BIOindicator (SoilBio)
• Objective, is to develop a novel test that combines

biological (DNA), chemical and physical
measures of soil to provide a measure of soil
quality across the UK and internationally, relevant
to all crops.

• Three year project 2016-2018

• c. 6,000 soil samples

Soil Quality
• There is no single definition of soil quality.

• Ability of soil to perform ecological services or
functions essential to people and the environment.

– e.g. sustaining plant and animal productivity,
maintaining or enhancing water and air quality, and
supporting human health and habitation

“Upon this handful of soil our survival depends. Husband 
it and it will grow our food, our fuel and our shelter and 
surround us with beauty. Abuse it and the soil will collapse 
and die taking man with it” Hindu Sanskrit literature 2000 
BC

What should be considered in a 
soil health plan?

How should a whole-farm soil 
management plan approach be 
developed that can support 
managing soil health and monitor 
progress?

Potential Indicators
- Soil Organic Matter?

• The majority of soil functions are driven by biological processes, 
underpinned by SOM decomposition.

• The ‘major currency in soil systems – a key indicator of soil health. 

• Threats to agricultural soils in UK

• Loss of Soil Organic Matter.

Soil Organic Matter

Carbon store

Nutrient cycling

Aggregation & 
structure

Water 
relations

Food source & 
habitat for soil 
biology

Soil Organic Matters
Nutrient Cycling

• – Increases nutrient holding capacity

• – Builds nutrient pools

• – Chelates nutrients (reduces P sorption)

• – Feeds organisms that release nutrients

Water dynamics

• – Improves infiltration

• – Decreases evaporation

• – Increases water holding capacity

• – Improves drought resistance
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CLIMATE
Temperature, rainfall, evaporation
Where impact is mediated by both 
amount and seasonality

NUTRIENT INPUTS
Fertiliser, manure, deposition, etc
Where availability is mediated by many 
of the same factors

Plant

PhysicalBiological

Chemical

Compaction

Aeration

Bulk density

Soil water balance

Pore size 
distribution

Temperature

Texture
CEC

Buffer 
capacitypH

Salinity MineralogyRedox 
potential

Balance of 
micronutrient 
availability

Presence of potentially 
toxic elements

Organic ligands

Mineralisation 
immobilisation

Activity of decomposing 
micro-organisms

Action and activity 
of soil fauna

Soil enzymes

Nitrogen fixation

Nodule formation

Root infection with 
mycorrhizal fungi

Earthworms 
are high in the bio-trophic system thus useful 

visual indicators but are hard to count.

Relationships Among 
Earthworm Functional 

Groups
Nematodes

• Nematodes are the most abundant Metazoan on
earth and unlike commonly used biological
indicators such as plants, butterflies and birds,
nematodes occur in every habitat.

• Nematodes can also be classified into different
trophic groups which can be a proxy measure of
their function in soil.

Benefits of Using 
Nematodes as 
Bioindicators

• Abundance

• High species richness

• Range of trophic groups

• Tolerance sensitivity range

• Low mobility

• Cycle life times

• Conservative reproduction strategies

• Interstitial mode of life

Typical Composition Of A 
UK Nematode Community 

From a Healthy Soil
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Identification of FLN
Example shows six different Genera, 

On RHS 234 Species of the genus Xiphinema (dagger 
nematodes)

Directed T-RFLP

• Very high sample throughput 
vs both traditional taxonomy and 
high-throughput sequencing

• Requires knowledge of sequence 
complexity

• Design software aids 
development 

• Allows simple application of 
ecological indices

• Provides more detail than 
traditional feeding group analysis

Comparison of 
Microscope vs DNA

R² = 0.8555
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Year 2 Soil 
Sampling Strategy

• Minimum requirements for 
soil physics sampling:

• 1 sample per zone from each 
category

• 4 categories: Potatoes, 
Winter wheat (spring 
sampled), digestate, winter 
combinable (spring sampled)

• 3 textures: S, SCL, CL

• Total 12 fields per zone

• 72 fields with soil physics 
data.

• 3,500 samples with 6
samples per field pH, P, K, 
Mg, Ca, Na, LOI soil texture 
and nematodes communities .

Soil Quality Indicators
Soil Processes Soil Quality Indicators

Biological Soil organic matter

Nematode trophic groups
Chemical pH; rate of acidification (or alkanisation)

Plant available N, P, K, Mg, S

Physical Macro porosity

Penetrometer resistance 

Dexter S

Bulk density

Soil available water and distribution

Yield map or biomass from satellite 
image. 

LOI Result 
per 50x50m grid

Earn Park West ZCL

Earn Park 
East SZL
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Water Release 
Characterisation 

Dexter S – measure of 
soil quality 

(macroporosity)

Inflection point

Dexter S value is the 
slope of the line around 
the inflection point, a 
shallower slope is caused 
by compaction and 
poorer structural pores in 
the soil. Dexter S value is 
therefore a measure of 
the larger structural 
pores.

Penetrometer 
Resistance

• Cone shaped needle
~0.93mm in diameter

• Force required to push
cone into soil recorded

• Test performed in soil
under 5, 20 and 300
kPa suction

• Threshold of 2 MPa for
root elongation

Penetrometer resistance

2 MPa limit for root 
growth

Preliminary T-RFLP 
analysis by farm 

Initial take home message – some 
separation of nematode communities 
at farm level 

Nematode Indices

Structural Index SI Enrichment Index EI Channel Index CI

• Indicates the food web 
state influenced by 
stress & disturbance

• >SI > omnivores and 
preditores

• Suggests more trophic 
linkages 

• Assesses the resources 
available to Soil Food 
Web

• Measure of 
opportunistic 
bacterivore and 
fungivore nematodes

• Reponse of primary 
decomposters to the 
resources made 
available

• Measure of 
decomposition

• Indicates predominant 
decomposition 
pathways

• High value = fungal 
dominated 
decomposers.

• High cellulose; high 
lignin; high 
carbon:Nitrogen ratio

• Moist; N-rich material



5

Example Visualisation 
of Nematode 

Profile Quadrant
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Earn Park West ZCL

Earn Park 
East SZL

Strongest 
Associations 

~23% Total Inertia

Nematode 
Interactions in Soil

Chen et al., (2015), Soil 
Biology & Biochemistry, 
89, 99‐108
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Resistance & 
Resilience to Stress

Resistance:

The amount of change caused 
by a disturbance.

Resilience:

The time it takes for a system 
to return to its pre-disturbance 
level following a disturbance. 
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5 Year Normalised 
Yield Map

Earn Park West ZCL

Earn Park 
East SZL

Sentinel 2 Satellite NDVI 
Imagery 8 April 2017

Earn Park 
Historic Potential Index

Soil Biological 
Properties, Soil Quality

• While the chemistry (and physics) of the soil
system provides the context. . . it is the soil biota
which is adaptive to changes in environmental
circumstances.

• Under conditions of change, biological indicators
form an integral component in soil health
assessment, since, by virtue, they involve
complex adaptive systems (i.e. the biota) by
integrating key soil processes in ways that other
indicators do not.

Direct Value of Using 
Nematodes as Bioindicators

• SoilBio is a research-led solution to measuring
soil quality that can potentially inform national
strategies and policy.
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