MANAGING OUR LAND:
THE MULTI-FUNCTIONAL APPROACH

Prof. Rachel Creamer, Soil Biology Group, Wageningen University
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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

Available online at www.sciencedirect.com
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How do we increase our
productivity?
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We need better water
regulation by our land...

-

™ )
1
'
>

- “It""
-

ci:
|

Ik

! lole 1.)-0“‘ A —
z‘b " 1 \




- We need to protect our
| carbon resources
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We need to find a
home for our waste...
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Soil biodiversity is the & 3
driver of many ‘
processes in soils

Protect the home of
biodiversity

Lijbert Brussaard



FUNCTIONAL LAND MANAGEMENT -

THE CONCEDT b

“All soils perform all functions...

...but different parts of the land(scape) are

.. : : Y,
better at delivering different functions...

Schulte et al., 2014

!" frontiers

Available enline at www.sci direct.com
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The capacity of soils to perform each of the five
soil functions depends on land use and
landscape
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FUNCTIONAL LAND MANAGEMENT -

7hs

THE CONCEPT

(Dwyer et al., 2013)

Relative importance depends on land use

land use
Tillage Biomass / Grassland Forestry Grassland Forestry Peat NATURA

(crops) biofuel (improved) (coniferous) (unimproved) (deciduous) (upland) 2000



FUNCTIONAL LAND MANAGEMENT -
THE CONCEPT

Relative importance depends on land use :
_ land use
i ]
. Well - - -. -I -I I —I |
trained L e
Tillage Biomass / Grassland Forestry Grassland Forestry Peat NATURA
(crops) biofuel (improved) (coniferous) (unimproved) (deciduous) (upland) 2000




SOIL FUNCTIONS MATRIX
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NATIONAL SCALE APPLICATION

IriSh SOiI National Soil Map of Ireland
Information System |

Pat Sills, lan Truckell, Joanna Zawadzka, Rogier Schulte
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Great Soil Groups
Ombrotrophic peat
Minerotrophic peat
Rendzina
Lithosol
Alluvial
Groundwater Gley
Surface-water Gley
8 Podzol
9 Brown Podzolic
10 Luvisol
11 Brown Earth

SR

Soil Associations
03002 I 0650a o7oon N os43r I 0960d 1100c N 11302 10 island
N 0360a | 0660c 0760a 0900a I 0960e 11004 I 1130b Rock
0360c 0660d 0760c 0900b 1 1000a 11000 B 1150a 770 Tidal marsh
A BN 0410a 1 0660e 0760e 0900e 11 1000c 1100n I 1150b [ Lrban
28 50 N 04100 0700a 07601 09001 [0 10009 1000 B 1150¢ Water body
N osLAK 0700b 0800a 0900g " 1000x 1100m " 1160a
Kilometres N osmAR 0700¢ 0800¢ 0900h I 1030a 1100n © 1160c
N osRIv 0700d [ 0843b 1 0920a N 1030b 1100q W Peat
0600a o700t N os43e I 0960c 1100a 11008 Sand dunes
by Teagasc. Castle, 2014




DIAGNOSTIC APPROACH

Option 1: soil properties
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DIAGNOSTIC APPROACH

Option 2: categorical approach




DIAGNOSTIC APPROACH

Option 3: diagnostic approach

n ‘drivers’ of processes in soils. .

P % i o B N Clay illuviation
v . : ‘ ' . taken place

(argic horizon)
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European Journal of Soil Science, May 2018, 69, 414—428
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Linking diagnostic features to soil microbial biomass and
respiration in agricultural grassland soil: a large-scale
study in Ireland
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Figure 5 Box and whisker plots of In-transformed (a) microbial biomass carbon (C,y;. in mg C g~' soil), (b) microbial biomass carbon and nitrogen ratio

(Cic:N,

‘mic*

'mic

in mg € mg~' N) and (c) biomass specific available carbon (C,

Ell:Cm\i = ext

ratio in pg C,,, mg~' C, ;). Data are shown for cach diagnostic drainage

class: well drained (n=74), moderately drained (n=36) and poorly drained (n=46). Boxes display lower and upper quartiles and median. Whiskers show
1.5 % interquartile range
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microbial properties. Physicochemical properties, especially OM,
WHC, N and pH (Table 4), are shown as significant predictors.
Organic maller content, in particular, explained the most variation
within C_; ;N .. (30%) and C_:C ;. (28%), WHC was the best
predictor for C_;. (32%) and N_;, (38%). and N was the best
predictor for C,,, (33%) and C;.:C,, (32%). Argillicity affected
C;i:C,,, and CAI, whereas drainage class explained a significant
pmporli;m of the variation for C_; ., C_.:N ... C_ and C_:C_..
Organic matter content and drainage class were tested further for
interaction, but regression models revealed no interaction between
the two variables in relation to C_;:N ;. and C_,:C_;.. Microbial
C, however, shows a steeper response with increasing OM in poorly
drained soil when compared with moderately and well-drained soils
(Figure 7).

Environmental factors related to multiple substrate-induced
respiration

Spodicity class

1

no Bs horizons

present

profile contains Bs
horizon enriched in
iron oxides,
aluminium with
humus

Podzolic

profile contains
eluviated E horizon
and Bs horizon
enriched in iron
oxides, aluminium
with humus




NUTRIENT CYCLING TR EREGIEHEEIE

nutrient advice

New Nal:onal Soil Map of Ireland (v1.1)

N-fertilizer =

" S \ N-reauirement

Regressmn Summary for Dependent Variable: mg N kg-1 dry soil (Means
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NUTRIENT CYCLING

N mineralisation potential

N mineralisation
(mg N kg-1 dry soil)
I 2804 - <3892
B 389.2- <4014
4014 - <4157
4157 - <4191

B 4191 - <8204

N-mineralisation = a+ B; * SOC? - B, * SOC*Wetness - 5 *
SOC*Spodicity + B, * Spodicity* Argic




CARBON SEQUESTRATION

SOC Storage potential

Ln of aggregate size holding 50% of SOC
4

Depth (cm)

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

Stability = intercept — B1 x depth x — B2 x depth x argillicity




Objective: to quantify the supply of soil functions across the EU as

el

g M

determined by soil properties, land use and soil management pra



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

email landmark@teagasc.ie twitter @Landmark2020



IMONITORING SOIL FUNCTIONS

== Soil Biodiversity and Habitat
=3 Nutrients

Physical Biology infield | Function PR

Thickness of organic

Fun: Bac biomass ratio

OC/TN Bulk density layer Yield
Bacterial biomass
Texture (DNA) soil depth <50 >50)
Infiltration ) groundwater table
) Fungal biomass (DNA) o
INEYEL NGl capacity within 50cm
Soil moisture
deficit (#days > Earthworm abundance
field capacity) soil drainage class
==l Microbial ! : :
4 Bacterial biomass LANDMARK MANAGEMENT QUESTIONNAIRE:
""" g FUﬂgEﬂ biomass Appendix 2. Questionnaire for cereal farm visits (answers to given by ticking boxes)
b Fungal:Bacterial biomass ratio
== Faunal 1. Farm
Earthworm diversit*_.r 0 1-25 26-50 5175 7699 100
7 Nematode diversity e o
Microarthropod diversity =
=3 Enchytraeid diversity — | | d ok [Cerseratan |
. -arm pe
= Management related
..... q PEStiCidE application 13 Artificial drainage measures = =
Land use (e.g. tile drains, ditches)
.4 Sterilization management _ -
£+ Structure | e
-4 Vertic/Fragic horizon rippets)
Soil attributes skip 1.5 if answer to 1.4 is 'No’ - - _
_____ a Texture 15 I:r?ﬁi:?:ega;en(mm/season)
o q Bulk dE‘ﬂS|t‘j’ Skip 1.6 if answer to 1.4 is 'No’
=-E Management attributes \ — [1 [23 S [+6 |
: ) [[16 | irrigation frequency [ [ | | |
-4 Tillage
..4q] Trampling




Understanding the role of soils in
Functional Land Management




