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The multifunctionality of soils

- who defines soil value?
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Soils have many functions - soil organic matter is central

Landscape |

Regulatio

Indicators

Soil
formation

Biodiversity

Production

Non-ecological functions (Carrier, archive, raw materials)

A. Fliessbach, unpublished
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High nitrate leaching, but not from applied fertilizers
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Message to farmers: reduce N inputs to avoid buildup of large soil N reserves
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FiIBL www fibl.org  But what about carbon sequestration? 4



Who defines the value of soils?

FiBI. Fertile soils suitable for arable production are lost

www.fibl.org to store houses and distribution centres




What is soil quality? @‘ lSQAPE
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(Doran & Parkin, 1994; 1996)

«Capacity of soils to fulfill their
functions in ecosystems»

(Swiss National Research Program
FiBL wwwfibl.org ‘Soil as a resource’ 2018) )



Soil quality

= soil health ?

* more associated with biological soil properties
» preferred by farmers (Romig et al. 1996)

but often used synonymously with soil quality

= soil fertility ?

* more associated with chemical and physical soil properties
* predominantly aligned to yields (Patzel et al. 2000)

but often used synonymously with soil quality
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| Interactive Soil Quality Assessment

Focus on dynamic
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land evaluation:

Focus on inherent
soil properties in
the soil profile
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How to assess soil quality?
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Visual methods: Analytical methods:

+ instant results + quantitative, objective

+ simple, holistic + soil chemistry covered especially

- qualitative, subjective, - time, money, lab needed
standardisation difficult - soil physics, rooting pattern rarely

- soil chemistry not included included
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combination of visual and laboratory methods is ideal



How to assess soil quality: Development over time

Conceptual
Before 1970 c.1970-90 c. 1990-2010 c. 2010 onwards\ basis
» Time
Main Suitability for Productivity Productivity, Multi-functionality,
objective(s) crop growth environment, ecosystem services,
animal/human health \resistance & resilience
Ty Digital .
Teols Visual = Indicators

Methods

Soil agfessment

Soil quality test kits, High-throughput methods,
add (bio)chemistry,
multivariate statistics

add microbiology

Indicator trends | Few indicators Many indica

Minimum data sets

fraicators
Overall

approach

New tools
Scientific analysis

and expert advice

Interactive design and
decigion-making with end users
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BodenDOK / SoilDoc
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an app for spade diagnosis

Sampling location

Soil surface

How do you rate the degree of soil silting on the
surface?

Enter the current crop

Spade test completed

Winter grain

Summer grain

Maize
All data has been captured and saved on your
device. With "Share spade diagnosis" you can
Qilseed rape send the data e.g. to yourself by e-mail.
Beets
Share all spade diagnoses (CSV)
Potatoes

Share spade diagnosis

Grain legumes

o
Finished

Developed in collaboration with

nw

Fachhochschule Nordwestschweiz
Hochschule fiir Technik



SQAPP - an app which makes soil data available

Carrier = 10:51 AM

App Store aill = 20:48 C 1]
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Physical properties
Soil organic carbon content (fine earth
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Bulk density (fine earth) in kg

fm3 in depth of 0-30 cm Provide feedback (O

specific value? Please insert the correct
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506 30 cm 25 timation

Potential for soil property improvement
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172 emical properties 3

Soil organic carbon content 35%
Landscape position (fine earth fraction) in 4
Low hills percentage in depth of 0-30 . . )

_— Soil parameters needing attention Cancel
Slope (%) B ——— 1. Total nitrogen in soil
9.1 @ soil 2. Soil organic carbon
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3. Bulk density (fine earth)
Land cover
Arable land v
Overall threat level
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=
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I ° * Phosphorus using the Olsen ‘i‘ lSQAPER
method Interactive Soil Quality Assessment

« Total nitrogen in soil ‘



The Soil Navigator — a web-based decision support tool

NAVIGA

MNavigator

Home -
Scenario  81db4f84-0449-44d4-8c48-b9044d0f34cc = e B

MNavigatar v
INITIALLY ASSESSED AND DESIRED CAPACITY OF SOIL FUNCTIONS Optimize soil functions

Input

Optimization Primary productivity i
- m m Back to input
Archive

Preferences input setting

Initial and desired capacity
UE (®) Guided wizard

Primary productivity

Direct input

PP
What is your demand (preference) regarding the capacity of the soil function?

WR

: o :
BD
e What is your importance (priority) of the soil function?

CR ! :

Wery low Low Medium High Very high

Previous soil function Next soil function

Low Medium High

Assessment of functional indicators

Primary productivi
Environmental conditions

I Sol conditons
I Gropping system
_ Management pracfices

Water purification and regulation

L N D MAR K Water storage

Drainage and N leaching

FiBI- www.fibl.org 13



New tools require maintenance beyond project lifetime

oIL NAVIGATOR =

Home
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How to do research that will be adopted? 0RM4SOi%

FiBL www.iblorg  Mali: alley cropping systems with Gliricidia sepium 15



Why do farmers not adopt promising innovations?

Innovation Reasons for poor adoption

Integrated soil fertility * Recommended fertilizer rates unaffordable
management (ISFM) . gpowledge intensive

New legume species for * Not multipurpose, some not palatable

soil fertility « Compete for space, nutrients, water
Agroforestry * Surface area limiting

* Land tenure rights (who plants trees owns the land)
Animal manure, * Poorly managed = low quality manure, compost
compost « Messages unclear or even controversial/confusing
Conservation * High cost of equipment and inputs
agriculture * Inability to market/store bumper yield

=> Important to understand the reasons

e
FIBL www.fibl.org 14 October 2021 16



Four countries - eight sites

Technologies tested on-station and on-farm

Mali —

—~Zambia

ORM.Soil/”



Pathway to adoption of an ORM technology onmsm%

Socio-cultural conditions
(Community dynamics and support; personal and demographic factors)
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/'(PRA, Agronomic trials, IPs, farmers trainings, ¥ Network building

\
farmer-researcher interactions, etc.) Stakeholders erTgagen'lient &
Farmers’ perceptions & learning

community learning - TFP Growth
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improvement
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Diffusion of knowledge
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\j Follower

Local Innovation T 7 Investment in late
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NN - IPs & Policy
SFM innovations/technologies makers learning
. Simple, low cost . . L. .

+  Providing profit Political-institutional conditions
. Low risk (Land security; Institutions and communication)

Appropriate biophysical characteristics

2015 2017 2019 2021 202x
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Year after project start



www.foodsystemscaravan.org

(€)> C @ © & https;//foodsystemscaravan.or

BOLEATAN 6A Z¢

Arss
’ﬂ A 50 day trip with a digital/media caravan brlnglng
the main messages of different R4D projects to

diverse institutions and the general public =>
-1 networking, policy makers learing etc.

’\'.I'_ it.ex N,
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The success of organic agriculture

Organically cultivated area in Switzerland:
from 10°000 ha in 1990 to 170’000 ha in 2019

DOK trial (long-term trial since 1978) founded together with farmers

Farming system rather than single measures — benefits for soil quality,
tradeoffs concerning productivity

Market development, consumers!
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Conclusions

* Soils have many functions; soil organic matter is central for the
ecological functions

* There are trade-offs between the different soil functions

* Farmers are under pressure and hear different messages (political
interests, subsidies, and facts from knowledge and experience)

* Tools and solutions need to be developed together with the users;
support beyond project lifetime needed

* Adoption of innovations requires stakeholder engagement and
joint efforts of policy, research and practice beyond project lifetime
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Thank you for your attention!
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