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UNDERSTANDING SOIL FUNCTIONS

The concept of five aggregated 

soil functions :

- Primary productivity: food, fibre, fuel

- Water regulation & purification

- Habitat for functional & intrinsic 

biodiversity

- Carbon regulation & sequestration

- Nutrient Cycling

Schulte et al., 2014



I want to grow my milk 
output by 50%

DEMANDS ON OUR LAND How do we increase our 
productivity?



We need better water 
regulation by our land…



We need to sequester 
carbon

DEMANDS ON OUR LAND

We need to protect our 
carbon resources



We need to find a 
home for our waste…



Protect the home of 
biodiversity

Soil biodiversity is the 
driver of many 

processes in soils

Lijbert Brussaard



FUNCTIONAL LAND MANAGEMENT -
THE CONCEPT

The concept of five aggregated 

soil functions :

- Primary productivity: food, fibre, fuel

- Water regulation & purification

- Habitat for functional & intrinsic 

biodiversity

- Carbon regulation & sequestration

- Nutrient Cycling

“All soils perform all functions…

…but different parts of the land(scape) are 

better at delivering different functions…”

Schulte et al., 2014



)

The capacity of soils to perform each of the five 

soil functions depends on land use and 

landscape



FUNCTIONAL LAND MANAGEMENT -
THE CONCEPT

Relative importance depends on land use

Tillage 

(crops)

Grassland 

(improved)

Forestry 
(coniferous)

Forestry 

(deciduous)

Peat

(upland)

NATURA 

2000

Grassland 
(unimproved)

Biomass / 

biofuel

land use

(Dwyer et al., 2013)



FUNCTIONAL LAND MANAGEMENT -
THE CONCEPT

Relative importance depends on land use x soil:

Tillage 

(crops)

Grassland 

(improved)

Forestry 
(coniferous)

Forestry 

(deciduous)

Peat

(upland)

NATURA 

2000

Grassland 
(unimproved)

Biomass / 

biofuel

land use

Well

drained

Moderately

drained

Poorly

drained
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SOIL FUNCTIONS MATRIX

WELL & 
EXCESSIVE

MODERATELY 
& IMPERFECT

POORLY

PEAT



ARABLE   BIO    BROADLF    CONFERS            MANAGED              OTHER         NATURA 
ENERGY      FOREST       FOREST GRASS                   GRASS         2000

SOIL FUNCTIONS MATRIX – AREA LAND USE BY DRAINAGE 

EXCESSIVELY & 
WELL DRAINED

MODERATELY 
& IMPERFECTLY 
DRAINED

POORLY
DRAINED

PEAT

Legend (% Area )

≤ 1

≥ 1
≤ 10

≥ 10 
≤ 20

≥ 20 
≤ 30       



NATIONAL SCALE APPLICATION

66

213

11

Irish Soil 
Information System



DIAGNOSTIC APPROACH

Soil A Soil B Soil C

Option 1: soil properties

C pH
CEC BS

etc

Ca

C pH
CEC BS

etc

Ca

C pH
CEC BS

etc

Ca

Difficulty in measuring multiple soil 
properties down the profile at the larger 

scale.



DIAGNOSTIC APPROACH

Soil A Soil B Soil C

213 series or 66 soil sub-groups 
recognised in Ireland

Still a lot of categories for describing soil 
relationships to functions

Option 2: categorical approach



DIAGNOSTIC APPROACH

Soil A Soil B Soil C

Option 3: diagnostic approach 

Carbon rich top

Spodic horizon

Deep organic ‘’ 
‘histic’ layer

Evidence of 
stagnation 
(gleying)

Five diagnostic classes which describe the 
main ‘drivers’ of processes in soils.  

Clay illuviation 
taken place 

(argic horizon)

Mineral topsoil



SIMPLE DIAGNOSTIC APPROACH

 

Scoring

0 Mineral 0-3.5% OC well
no evidence of

gleying
Typical no clay illuviation Typical

no Bs horizons

present

0.5 Humic 3.5 - 12% OC moderate

evidence of gleying

between 40 - 80

cm of soil profile

Argic

depletion of clay from

surface horizon and

accumulation in

subsurface horizon, but

ratio  lower than 1:20 

Spodic

profile contains Bs

horizon enriched in

iron oxides,

aluminium with

humus 

1 Histic >12% OC poor

clear evidence of

gleying within 40

cm of soil profile

Luvic

depletion of clay from

surface horizon and

accumulation in

subsurface horizon,

ratio 1:20 

Podzolic

profile contains

eluviated E horizon

and Bs horizon

enriched in iron

oxides, aluminium

with humus 

Organic matter class Drainage class Argillicity class Spodicity class



NUTRIENT CYCLING

N-fertilizer = 

N-requirement

minus N-mineralisation

Example: soil specific 

nutrient advice



NUTRIENT CYCLING

N-mineralisation = α+ β1 * SOC2 - β2 * SOC*Wetness - β3 * 

SOC*Spodicity + β4 * Spodicity* Argic



CARBON SEQUESTRATION

Stability = intercept – β1 x depth x – β2 x depth x argillicity

Torres-Sallan, G. Schulte, R.P.O., Lanigan, G.J., Byrne, K.A., Reidy, B., Simo, I., 
Six, J., Creamer, R.E. (2017). Clay illuviation provides a long-term sink for C 
sequestration in subsoils. Nature Scientific Reports 7:45635.



Objective: to quantify the supply of soil functions across the EU as 
determined by soil properties, land use and soil management practices.



email landmark@teagasc.ie twitter @Landmark2020 

THREE SPATIAL SCALES

1. Farm scale: Develop an agricultural 
Decision Support Tool (DST) for soil 
management

2. Country scale: Design a monitoring scheme 
for Soil Functions that is applicable at 
regional scale, for a range of soil types, 
land uses and pedo-climatic zones;

3. EU scale: Develop a policy framework for 
‘Functional Land Management’ at 
European scale that aims to optimise the 
sustainable use of Europe’s soil resource



MONITORING SOIL FUNCTIONS

Chemical Physical Biology In field Function

OC/TN Bulk density
Fun: Bac biomass ratio

Thickness of organic 

layer Yield

pH Texture

Bacterial biomass 

(DNA) soil depth <50 >50)

Available P/K

Infiltration 

capacity
Fungal biomass (DNA)

groundwater table 

within 50cm

CEC

Soil moisture 

deficit (#days > 

field capacity)

Earthworm abundance

soil drainage class



Understanding the role of soils in 
Functional Land Management


