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Overview

• What is meant by soil health.
• Why healthy soils are important.
• How we currently monitor soil health in 

New Zealand (spoiler: no biology!).
• What biology we could measure.
• Drivers to include biology in soil health 

monitoring / assessments.
• How we might approach doing this.
• It’s the right time to begin.

How not to assess soil health



What is meant by soil health?

Soil ‘health’ and ‘quality’ often used interchangeably

Myriad of definitions; many highly contextual to a single 
land-use or end-point ’ e.g.: 
• Dairy:  ability to grow lots of grass
• Sheep: steep land erosion control/stability
• Native: support endemic biodiversity & clean water

Broad definition often used: 

Soil health is “the continued capacity of soil to function as a vital living system, 
within ecosystem and land use boundaries, to sustain biological productivity, to 
promote the quality of air and water environments, and to maintain plant, 

animal, and human health”.



Why are healthy soils important? 

Ecosystem functions supported by forest soils:

• Timber production (fiber, fuel, construction)
• Water quality
• Resistance to wind storms
• Erosion
• Carbon sequestration
• Supporting biodiversity – above and below 

ground
• Nutrient and energy regulation
• Food (plant products, fungi, etc)
• Source of new chemicals and reservoir of 

genetics
• Cultural 



Demands and drivers on soils are varied and dynamic

In order to maintain collective ecosystem services, we need to 
understand how soils will respond to:
• Demands for production intensification.
• Transitioning between land uses conversion (billion trees etc).
• Different types of planted forestry: alternative species, altered management 

systems.  
• Effects of climate change, including fire, heavy rain, drought.

When monitoring soils and soil functions: Integrate tree production 
and health, effects of management systems, influence of climate and 
variation, environmental pressures (e.g. N limits), and sociocultural 
needs.



How do we monitor soil health?

New Zealand is signatory to international conventions on environmental performance

Soil quality information is needed for reporting at national and regional levels (OECD, 1996; MFE 1997).  

Legislative tool for environmental regulation is the RMA (NZ Govt, 1991):
• Administered across 17 autonomous Regional Authorities.  
• Requires effects-based criteria to determine if a particular activity has a detrimental effect on the 

environment.
• Does not specify properties to be monitored, nor provides an interpretative framework.  

Regional Authorities currently:
• Collect data from 500 soils across a range of physicochemical characteristics (pH, total C, total N, 

Olsen P, bulk density, macroporosity). 
• This data gets used for State of the Environment reporting.



Complete absence of biological metrics in soil 
health/quality monitoring!
• Current monitoring (500 soils) only assesses 

chemical and physical properties of soils.

• Yet most ecosystem services or attributes 
are:
– Entirely biological in nature.
– Strongly biologically mediated.
– Occur through interaction of biology x 

environment x management.   

• Lack of biological data is recognized as a key 
gap in soil health/quality assessments 
nationally and internationally.  

• Previously seen as too difficult to undertake or 
interpret the results.



No shortage of biological taxa we can measure…



No shortage of biological functions we can measure…

N-fixation
Mycorrhizal_symbiosis
Decomposition_
Soil_carbon_cycling_
Phosphate_mobilization
Ecophysiology_/_degradation_pathways
Microbial_biomass
Ratio_of_key_bacterial_groups
Metabolic_stress

>150 endpoints

Well described.

Standard 
methods.



It is happening overseas…

Fundamental importance of soil biology and 
activity in ecosystem function is driving efforts to 
include biology-based metrics into soil quality 
testing.  UK, OECD, EU, US…

Provisions for environmental benchmarks are also 
an increasingly important component of bi- and 
multilateral trade deals (MFE, 2016).

Overseas trade and market access will pull us 
towards delivering these.



Building biology into soil health measurements in NZ

• Question 1:  Who, and for what purpose, are we doing this?
– Who:  Maori, customers of wood and forest products here and overseas, forest owners in 

NZ, recreational users, etc. 
• different agents may put different weight on different metrics  from productive, to 

sustainability, to cultural, and biodiversity.

– Purpose:
• Comparing among land use types in NZ?  Forestry v dairy v native v …?
• Monitoring planted forests over time and management x environment x tree effects?
• Protecting and opening markets by aligning measurement with international 

environmental reporting standards (international comparability)?



Building biology into soil health measurements in NZ

• Question 1:  Who and for what purpose are we doing this?
• Question 2:  How do we decide what to measure?

– As well as identifying the ‘metrics’, need to consider:
• Cost
• Scalability (throughput)
• Reproducibility
• Sensitivity/responsiveness to purpose of application 
• Technological readiness
• Ease-of-use
• Policy readiness
• Standardization
• Infrastructure availability.

‘meaningfulness’, and 
‘understadabilitiy’ by end-users



Building biology into soil health measurements in NZ

• Question 1:  Who and for what purpose are we doing this?
• Question 2:  How do we decide what to measure?
• Question 3:  Testing, validation, deployment.

– The testing framework/infrastructure is likely in place
– Accelerator trials, LTSP series, new forest trials, and many others.
– Some aspects of soil biology are already being assessed within these trials.  

• In particular, temporal information is essential, preferably over rotation(s).
• Metrics can be of low value if not integrated with productivity data and measures of 

other ecosystem services.

– Excellent opportunity to build on existing investment in trial networks and scheduled 
analysis.



SFF Milestone 1a: Soil Quality Indicators
For Forest Condition Monitoring (2008)
Soil biological parameters:
 Early and sensitive indicators of soil quality change.
 Biological indices yield evidence of how a soil functions and 

interacts with plants, animals, and the climate that comprise 
ecosystems.

However:
 Interpretation of biological effects on forest condition and 

sustainability is not well developed.
 Testing for most indicators is laborious and expensive.
 These suggest they are not suitable for long-term SQI for forest 

soils.



A decade later

Soil biological parameters:
 Early and sensitive indicators of soil quality change.
 Biological indices yield evidence of how a soil functions and 

interacts with plants, animals, and the climate that comprise 
ecosystems.

In addition:
 International drivers to include soil biology as part of 

environmental reporting, SLO, stewardship etc.
 Improving soil biological resources, from nursery to forest, is one 

key to improve site ‘potential’.
 Managing soil biological resources can enhance delivery of 

ecosystem services.
 Testing is increasingly rapid and cost effective.
 It is timely and imperative we include biological indices in forest 

soil quality monitoring.  
 If we don’t develop fit-for-purpose indices, we may be given ones 

from overseas, or for different sectors, that aren’t useful.



Mathis Richard: 

• AGROSUP DIJON, France

• 20 week internship

• Mission: 
1. Define and engage with stakeholders, partners, and end-users (agents)
2. Identify key outputs for biological indicators for different agents
3. Determine which indicators align to the outputs 
4. Rank indicators for cost, scalability, understandability, etc.

Survey will be used to canvas YOU for your thoughts.  If you want to opt-out, please let myself, 
Annette or someone else know.  Otherwise, we have your email address…..
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