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Mandates for forest soil protection

• European Soil Charter (1972)
• World Soil Charter (1981, 2015)
• Forest Europe, formerly the Ministerial Conference 

on the Protection of Forests in Europe (MCPFE) 
(from 1994) – ‘Sustainable Forestry’

• EU Environmental Impact Assessment (EIA) 
Regulations (EC Directive 85/337/EEC)

• EU Water Framework Directive (2000)
• EC Thematic Strategy for Soil Protection (2006)
• National interpretations of ‘Sustainable Forestry’’
• Forest Certification Schemes, e.g. FSC

Some examples
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I. Promote sustainable soil management that is relevant to the range of 

soils present.

II. Create socio-economic and institutional conditions favourable to 

sustainable soil management by removal of obstacles associated with 

land tenure, the rights of users, access to financial services and 

educational programmes. 

III. Participate in the development of multi-level, interdisciplinary 

educational and capacity-building initiatives that promote the adoption 

of sustainable soil management. 

IV. Support research programmes that will provide sound scientific 

backing for development and implementation of sustainable soil 

management relevant to end-users. 

V. Incorporate the principles and practices of sustainable soil 

management into policy guidance and legislation at all levels of 

government, ideally leading to the development of a national soil policy.

Government instruments for soil protection

(From Revised World Soil Charter)



VI. Explicitly consider the role of soil management practices in planning 

for adaptation to and mitigation of climate change and maintaining 

biodiversity. 

VII. Establish and implement regulations to limit the accumulation of 

contaminants beyond established levels to safeguard human health. 

VIII. Develop and maintain a national soil information system and 

contribute to the development of a global soil information system. 

IX. Develop a national institutional framework for monitoring

implementation of sustainable soil management and overall state of 

soil resources.

(From Revised World Soil Charter)

Government instruments for soil protection



Soil protection – the positive role of forests

From: State of Europe’s Forests (2015)





Target Government grants 
to, or away from, specific 

soil types



Educational / training materials



Educational / training materials

Training courses, webinars, videos, website resources, publications



Best practice guidelines

Soil group
Soil

type

Ground

damage

Soil

carbon

loss

Soil

infertility

Soil

acidification

Combined

Risk

Brown earths 1, 1d, u L L L L L

1z L L M M M

Podzols 3, 3m L L H H H

3p M** M H H H

Ironpan soils 4, 4p M** M M M M**

4b M L M M M

4z, 4e M L H H H

Calcareous soils 12b, t L L L L L

12a L L H* L H*

Ground-water

gleys

5 M L L L M

5p M** M L L M**

Peaty gleys 6 M M M M M

6z M M H H H

6p H M M M H

Surface-water

gleys

7, 7b M L L M M

7z M L M M M

Juncus bogs 8a, b,

c, d

H H L L H

Molinia bogs 9a, b H H M M H

9c, d, e H H H H H

Unflushed

blanket bogs

11a, b,

c, d

H H H H H

Rankers 13b, z L L H H H

13g M L H H H

13p M M H H H

Skeletal soils 13s L L H H H

Littoral soils 15s, d,

e, i

L L H H H

15g, w H L H H H

L: low risk; M: medium risk; H: high risk. *Only for conifer stands, otherwise

low risk. **3p, 4p and 5p are high risk where the depth of the peaty surface

layer is >25 cm.

Soil suitability



Research programmes

The overall objective of the 
programme is to conduct research 
to ensure that forest practices do 
not compromise soil 
sustainability…



You can’t protect what you don’t  know!

Make soil 
information 

available!



Supporting a national 
forest soil spatial 

database



Ensuring soil is accounted for in 
policy and practice

‘High-level’ policy

Practice guidance

Technical information

Always write as simply as possible – don’t make 
soils mysterious or difficult to understand



Links to other  forestry policy areas
(which might be regarded as more important!)

Climate change

Biodiversity



Forest management 
plans

Forest management plans allow the 
manager to demonstrate that all aspects 
of Sustainable Forest Management have 
been considered.  They provide the basis 
for monitoring and assessment.

Operational plans Operational plans help to ensure safe 
and efficient working practices on a site 
and the protection of the forest 
environment.

Contingency plans Contingency plans set out what happens 
in the event of accidents, unexpected or 
unplanned events so that damage to the 
forest environment can be minimised.

Soil protection as part of forest planning



• Distribution of soil types (e.g. 
from soil map)

• Identification of soil ‘limiting 
factors’; risk analysis (e.g. 
erosion, compaction, infertility)

• Implications for species choice, 
site preparation, silvicultural 
systems; mitigating measures

• Identification of necessary soil 
treatment(s) – if any (e.g. 
fertilisers, herbicides)

• Need for soil monitoring?  
Choice of methodology

Soils in forest management 
planning



Forest Certification

• Management 
planning 
documentation

• Discussions with the 
owner/manager

• Design plan

Felling and restocking shall be in 
accordance with the principles 
and guidelines set out in the UK 
Forestry Standard and supporting 
guidelines series, including those 
on soils and water



UK Forests and Soil Guidelines

Also: soil sealing, soil loss through landslides, soil salinization and loss of soil biodiversity
Note: factors often act together



Sustainable forest management

‘Place’ includes understanding of 
soil : plant relations throughout 
the forest rotation(s).  

This implies knowledge of soil 
type and its behavioural 
characteristics



Soil (and water) contamination

Pesticide application

• Minimise the use of pesticides and fertilisers in accordance 
with Forest Service guidance

• Avoid the contamination of forest soils and have contingency 
plans in place to deal with accidental spillage and pollution



From ‘Reducing pesticide use in forestry’ (2004)

Minimise pesticide use



• Minimise compaction, rutting and erosion by selecting the 
most appropriate working method for soil and site conditions; 
monitor operations and modify, postpone or stop procedures 
if degradation starts to occur – BE FLEXIBLE!

• Use the ‘brash mat’ system wherever there is sufficient 
material – amend site layout depending on harvesting and 
extraction equipment;

• Maintain adequate brash mats throughout extraction 
operations; import material on site if necessary;

• Consider the weather and aim to carry out risky operations 
during dry periods; plan ahead for changes in the weather 
that could affect site conditions;

• Where compaction has occurred, apply remedial treatment, 
but minimise the soil disturbance involved.

Compaction



Soil disturbance - cultivation of heavy soils

• Minimise the soil disturbance 
necessary to secure management 
objectives, particularly on organic soils

• Consider the potential impacts of soil 
disturbance when planning operations 
involving cultivation, harvesting, 
drainage and road construction

Oh dear!



Cultivation of heavy soils

Cultivation of light soils

Mounding

Scarification

Disc trenching

• Avoid ploughing as much as 
possible

• Minimise exposure of bare 
soil



Skidding – avoid on 
soft soils



Forwarder extraction 
and use of traction and 
flotation aids (chains 
and tracks)



Harvesting: the brash mat system



Cable-crane extraction 
– for steep slopes and 
sensitive soils 



Soil erosion

• Soil erosion can be caused by 
wind or water, but (in the UK) it 
is water that is the dominant 
force.  

• Protection of the soil from 
erosion should be tackled 
primarily by good planning of 
water management, taking 
special account of extreme 
events such as storms

• Modelling can be useful

• Civil engineering expertise will 
be needed



• Collecting (cross) drains should be installed at a spacing that 
will control run-off in cultivation channels, including mole 
channels, e.g. at 40–70 m on slopes less than about 5% (3°).

• Cut-off drains should be provided so that cultivation 
channels do not carry water from large areas lying above the 
site.

• Align drains up-valley to maintain an even gradient 
throughout their length. Drain gradients should not exceed 
3.5% (2°) and should be less on easily erodible soils.

• Discharge from a drain should, as far as possible, be on flat 
ground so that the water can fan out rather than be allowed 
to emerge in a concentrated flow. 

• Never end drains in natural channels, ephemeral streams or 
old ditches running directly into a watercourse.

Drainage / water management



Soil erosion

• Address the risks of soil 
erosion as part of the forest 
and operational planning 
processes

• On steep slopes where 
there is a risk of slope 
failure or serious erosion, 
consider alternatives to 
clearfelling

• Consider planting woodland 
to protect erosion-prone 
soils and intercept 
sediment-laden run-off

Plantation and drainage planning are essential 
for preventing soil erosion.  Don’t forget 
extreme events and climate change!



• Cut slopes greater than 2 to 3 m in height 
usually require a detailed geotechnical 
analysis. 

• Situations that will warrant more in-
depth analysis include: 
▪ Large cuts, 
▪ Cuts with irregular geometry, 
▪ Cuts with varying stratigraphy,
▪ Cuts with high groundwater or 

seepage forces, 
▪ Cuts involving soils with 

questionable strength,
▪ Cuts in old landslides or in 

formations known to be susceptible 
to land sliding. 

Forest road planning

Information required
Accurate cross sections showing topography, 
• Proposed grade, 
• Soil unit profiles, 
• Unit weight and strength parameters (c’,φ’), (c,φ), or Su (depending on 
soil type and drainage and loading conditions) for each soil unit, and 
• Location of the water table and flow characteristics. 



2004

Forest road planning

Great guidance on the www



Soil fertility

• Choose tree species and silvicultural 
systems that are well suited to the site 
and do not require continuing inputs of 
fertilisers

• Minimise the use of fertilisers and 
confine these to areas where analysis 
clearly shows management benefits, in 
accordance with a nutrient and soil 
management plan

• Plan any fertiliser applications to 
minimise the risks of nutrient loss (into 
water)

• Ensure the removal of forest products 
from the site, including non-timber 
products, does not deplete site fertility or 
soil carbon over the long term and 
maintains the site potential



Nutrient removal via 
stump harvesting

Is this practice acceptable for 
the soil types involved?

What about:
• Nutrient removal/balance?
• Soil removal?
• Soil disturbance?
• Soil erosion?

Also relevant for litter raking 
and brash baling



Forest planning – ‘Forests on rolling hills’

A medium-scale 
new mixed 
conifer and 
broadleaved 
forest

From 
https://www.forestry.gov.uk/
ukfs/planning

https://www.forestry.gov.uk/ukfs/planning


Soil map

Essential information



Constraints and opportunities analysis

Also: Timber extraction, protected species/biodiversity, landscape





Planting plan



Soil protection - conclusions

• Forest soils need protection under production forestry

• Forestry authorities should put in place a range of measures 
to protect forest soils

• Technical guidance on soil protection must be developed.  
This must include input from civil engineering and drainage 
expertise

• Knowledge of soil type is essential for effective soil protection

• Soil protection is best achieved by generating a positive ethos 
for protection based on an understanding of soil/forest 
sustainability

• Nevertheless, good site supervision and inspection 
(monitoring) are vital during and after sensitive forest 
operations. A risk-based approach is useful.



• For international reporting (e.g. Forest Europe, 
GFRA, UNECE ICP Forests)

• For national reporting (various drivers in 
forest, and outside it, e.g. environmental 
monitoring)

• To verify compliance with SFM or certification
• To  provide basis for management planning 

and intervention
• To support foresight and other strategic policy 

activities
• To support scientific research (pure, applied)

Forest soil monitoring

Why?  Many reasons



Number Indicator Full text

1.4 Forest carbon Carbon stock and carbon stock changes in forest 

biomass, forest soils and in harvested wood 

products

2.2 Soil condition Chemical soil properties (pH, CEC, C/N, organic C, 

base saturation) on forest and other wooded land 

related to soil acidity and eutrophication, classified 

by main soil types

2.5 Forest land degradation Trends in forest land degradation

4.5 Deadwood Volume of standing deadwood and of lying 

deadwood on forest and other wooded land

5.1 Protective forests – soil, 

water and other 

ecosystem functions –

infrastructure and 

managed natural 

resources

Area of forest and other wooded land designated 

to prevent soil erosion, preserve water resources, 

maintain other protective functions, protect 

infrastructure and managed natural resources 

against natural hazards

Forest Europe Criteria and Indicators



Extensive and Intensive forest monitoring networks –
ICP forests Level I and II

Green = Level I
Brown = Level II



2011



Soil sampling – a skilled task





How many soil samples do we need?

From Kirwan et al. (2005)



2005



Forest soil indicators

Physical indicators

e.g. for erosion, disturbance, compaction

Chemical indicators

e.g. soil pH, organic matter content, carbon, nitrogen

Biological indicators

e.g. soil enzymes, microbial biomass





From ICP Forests soil manual

Chemical and physical properties

• Organic matter

• Fertility

• Acidification

• Contamination

• Disturbance
• Compaction

Soil protection factor



Quantitative soil physical measurement

Bulk density

Penetration 
resistance

M
V

= D



Soil compaction

• Soil physical properties are not conventionally monitored in a way 
that facilitates national reporting.  

• Changes in soil bulk density are usually measured on a site-
specific basis.  

• More quantitative measurements of compaction using 
techniques such as cone penetrometer or shear strength 
estimates are sensitive to variations in soil moisture content, 
complicating comparison of data collected on different sampling 
dates or in different regions.

• Current measurements of compaction are based primarily on 
visual estimates of compacted area. [However] subsurface 
compaction … may not be readily visible to field crews and may 
be under-reported.  In addition, measurements do not reflect the 
degree or intensity of compaction. 

(from ‘Soils as an Indicator of Forest Health’)



Soil erosion

Quantitative strategic forest 
soil monitoring of soil erosion 
is not possible 

Qualitative evaluation of 
soil erosion can be 
attempted during forest 
inventories



From Curran et al.  (2007)

Soil disturbance



Code Title Description

0 Undisturbed Litter horizon undisturbed

1 Forest floor disturbance Disturbance of the forest 
floor, but no exposure of 
underlying mineral soil

2 Shallow soil disturbance a) forest floor removed and 
mineral soil exposed

b) less than 5 cm mineral 
soil deposited on forest floor

3 Deep soil disturbance a) mixing of mineral soil 
evident

b) more than 5 cm of 
mineral soil deposited on 
forest floor

After Bockheim et al. (1975)

Soil disturbance



Soil chemistry

Limitations to data

• Soil chemical and physical properties can be highly variable in 
the field and are expensive to analyse

• So interpretation of soil chemical data is confounded by 
spatial variability within the plot

• Depending upon the soil type, both the number of samples 
and the methods used in collecting these samples may vary 
between plots, complicating compilation and estimation 
procedures

• Soil samples reflect conditions at depth collected

• Shallow samples are more responsive to disturbance

• Samples may be needed from the entire rooting zone

(from ‘Soils as an Indicator of Forest Health’)



UK ECN soil monitoring study
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Trigger values

• Very few soil chemistry measurements generate information 
that can be used actively in forest management.

• Measurement values will be dependent upon underlying 
soil type and nature of silviculture undertaken, especially 
species grown.

• Also difficult to detect a clear ‘signal’ amongst the ‘noise’ 
due to spatial and temporal variation.   

• The Ca/Al ratio or base cation : Al ratio in soil solution is the 
most established indicator in relation to tree root, and thus 
forest ecosystem health.  

• A Ca/Al ratio <1 is suggests damaging soil chemistry for tree 
fine root health and survival (although different values are 
available for different species).



from Staddon et al. (1999)

Forest soil microbiological indicators



Alternatives to ‘field-based’ soil monitoring

Headline indicators
1. Area under forest/woodland

1.1. Area of forest/woodland on specific soil types 

1.2. Area of forest/woodland on brownfield land

1.3. New planting (ex agricultural land)

1.4. Area with FSC or other certification

1.5. Area supported by state management intervention via grants etc

1.6. Areas of forest managed as Natura 2000 sites

Surrogate indicators
2.1. Forest productivity by compartment

2.2. Foliar analysis (for soil fertility)

2.3. Stream sediment via colour/turbidity (for soil erosion)

2.4. Forest industry fertilizer and pesticide use (gross quantities)

2.5. Ground vegetation 

Awareness indicators
3.1. Uptake of ‘Forests and Soil Guidelines’ and other soil-related publications

3.2. Number of hits/downloads to/from the appropriate website on soil-related material

From Moffat (2003)



Foliar sampling & analysis



River water quality 
- monitoring 
stations in Wales

Water turbidity can 
be used as a 
surrogate indicator 
for soil erosion



• Forest soil health/condition is best assessed using a 
combination of traditional chemical and physical measures 
taken from permanent, unfenced, monitoring plots

• Organic matter (carbon) content, bulk density, pH or Ca/Al are 
perhaps most important measures

• Due to the complexity of forest soils and ecosystems, 
interpretation of indicators should be undertaken by forest 
production and ecosystem scientists familiar with the wide 
range of services and benefits forests provide

• Despite the attractiveness of utilising biological component of 
forest soils as indicators of soil health, they require further 
development before they can be reliably used

• Soil indicators developed for other landscapes should not be 
used for forest soils without critical evaluation

Soil monitoring - conclusions



Overall conclusions

1. Promotion of a culture of soil protection as an integral part 
of SFM the best way to minimise damage to soil.

2. Many instruments available but co-ordination and 
leadership essential.

3. Most soil damage is preventable and avoided by effective 
(and modern) forest planning and operation supervision.  

4. Monitoring soil quality/condition will support soil 
protection and can prevent soil damage.

5. However, a programme of repeated soil measurements is 
expensive and at risk of future closure.  Better to embed 
soil evaluation in existing programmes if possible.

6. Evaluation of soil information is a skilled task and should be 
part of an overall assessment of forest health.



Thank you for your 
attention

Any questions?

andy@ajmoffat.co.uk


