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*Developing integrated weed management strategies o P
*Evaluating cover crops and reduced tillage in organic systems e o nmmS'T A

*Assessing effects of crop diversification on weed communities
*Research on using functional trait diversity to manage weeds

Experience:

*Over 17 years researching sustainable crop production systems in farm
*Participated in major EU projects linked to farm trials: OSCAR,
IWMPRAISE, IPMWORKS, PATH2DEA

*Participated to 10 National or regional project involving farm trials
*Co-design trials and projects with farmers and other stakeholders
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Today aims

1.Define the concepts of biodiversity and agroecology.

2.Explain how the agroecological approach helps to innovate
agricultural systems towards greater economic, social and
environmental sustainability.

3. Present two examples of application of the functional use
of biodiversity
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BIODIVERSITY AND AGROBIODIVERSITY

CONCEPT #1



Biodiversity: what is it?

Biological diversity definition

S

Convention on
Biological Diversity

the variability among living organisms
from all sources including ... terrestrial,
marine and aquatic ecosystems and the
ecological complexes of which they are
a part.

This includes diversity
« within species
between species
« of ecosystems



What is agrobiodiversity?

)

Agrobiodiversity is the variability of animals, plants and micro-organisms directly or
indirectly utilized for agriculture and food production. Includes crops, livestock, trees and
fishery. Includes the diversity of genetic resources (varieties and breeds) and of species
utilized for the production of food, forage, fibre, energy and medicines. It also includes the
diversity of natural species supporting production (e.g. soil micro-organisms, predators,
pollinators) and the general diversity of organisms present in agroecosystems.

FAO (1999) and OECD/CBD (Parris, 2001), adapted.



Why does biodiversity matter?
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Agrobiodiversity: what is it?
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Agrobiodiversity: what is it?
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«Campbell’s», Andy Warhol



THE LEVELS OF AGROBIODIVERSITY












The 4 dimensions of biodiversity (space and time):
the variability between living organisms and the
ecological complexes of which these organisms are a part.

Habitat diversity

Genetic diversity Species diversity
: —_ the elements and
Cultivated varieties and crops, weeds, :
populations associated organisms PITOUEEREE Elt VElolE

levels of scale

Q

Management Diversity >




PLANNED AND ASSOCIATED
AGROBIODIVERSITY






Planned and Associated Agrobiodiversity

Planned Associated

 Farmers decide whichand + Weeds grow in crop fields

how many crop to grow .
* Insects reproduce in the

* Breeders select varieties agroecosystem

* Other examples? * Other examples?
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AGRICULTURE AND BIODIVERSITY



please observe these two graphs

Graph 1

Smallholder
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Largeholder
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BIODIVERSITY FOR AGRICULTURE



Agriculture and Biodiversity

AGRICULTURE serving BIODIVERSITY (A for B)

® Non production-related ecosystem services (e.g. species/habitat
conservation, cultural/amenity values): CULTURAL SERVICES

AND

BIODIVERSITY serving AGRICULTURE (B for A) R

® Production-related ecosystem services (e.g. soil fertility, bliél
pest control, weed reduction): PROVISIONING, REGULATING,
SUPPORTING SERVICES

Barberi et al. (2010). Weed Research 50, 388-401.

S. Carlesi - Course Agroecosystem complexity and challenges

CIHEAM-IAMB MSc SUSTAINABLE IPM TECHNOLOGIES FOR MEDITERRANEAN FRUIT AND VEGETABLE CROPS




Can you find an appropriate title for this scheme?

/ \ 4 Provisioning A

Food
Wood and fibre
Fresh water
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/
Regulating A
Climate regulation

Disease regulation
Flood regulation

Supporting
Nutrient cycling
Soil formation
Primary production
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Cultural

« Social well-being
« Aesthetics
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Ecosystem Services
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From Millennium Ecosystem Assessment
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Drivers of change: climate crisis
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Drivers of change: climate crisis

0-5% gain or loss of corn, potato, rice, and

Gain greater than 5% % Area that produced 75%
Loss greater than 5% wheat yields in 2015

Source: www.nationalgeographic.com/climate-change /how-to-live-with-it/crops.html
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- Drivers of change: biodiversity loss
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s, Source: https://phys.org/news/2020-09-biodiversity-loss.html
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Source: Hulme (2021). One Earth. https://doi.org/10.1016/j.oneear.2021.04.015

This artwork illustrates the main findings of the article, but does not intend to accurately represent its results (https://doi.org/10.1038/541586-020-2705-
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Drivers of change: biodiversity loss

Source: www.earth.org
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http://www.earth.org/

Could you give an example of agricutltural
activities related to

THE FIVETHREATS

-
TO
BIODIVERSITY
Land and Sea use Pollution Species Climate Change Invasive species
Fhange ke tha overexploitation Forcing the animal to and disease
g:;lzggg::t?::)t s environment Example: shift rangg or Compete with native
unsuitable for Overfishing confounding the species for space,
Exarn pie survival directly and  which may decimate signals that trigger food and other
Agrlcul.tural land use indirectly global fish seasonal events and resources; sometimes
which is responsible populations by 2050 more spread disease that
for 80% of.the global native species have
deforestation no immunity of

S. Carlesi - Course Agroecosystem complexity and challenges
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Drivers of change: biodiversity loss

Agriculture is responsible for Food systems release Agriculture accounts for

80% of global deforestation 29% of global GHGs 70% of freshwater use
B0Y% o 70%
GLOBAL FRESHWATER
DEFORESTATION USE

Drivers linked to food production cause Drivers linked to food production cause 52% of agricultural production

70% of terrestrial biodiversity loss 50% of freshwater biodiversity loss land is degraded

SN
‘:) 70% MM> 50% 52
0 TERRESTRIAL n FRESHWATER DEGRADED
e BIODIVERSITY LOSS BIODIVERSITY LOSS AGRICULTURAL LANI

Source: https://india.mongabay.com/2020/09
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https://india.mongabay.com/2020/09

Could you think to some measures that may
mitigate agricultural negative externalities?

Agriculture is responsible for Food systems release Agriculture accounts for
80% of global deforestation 29% of global GHGs 70% of freshwater use

0 0 0
Y ) |- N)

DEFORESTATION
Drivers linked to food production cause Drivers linked to food production cause 52% of agricultural production
70% of terrestrial biodiversity loss 50% of freshwater biodiversity loss land is degraded

o @) e

FRESHWATER DEGRADED

BIODIVERSITY LOSS AGRICULTURAL LANI
Source: https://india.mongabay.com/2020/09

TERRESTRIAL
BIODIVERSITY LOSS
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Drivers of change: agrobiodiversity loss

A CENTURY AGD

In 1803 commercial
seed houses offered
hundreds of varieties,
as shown in this
sampling of ten crops.

Cabbage

®

Beet

¢

BO YEARS LATER
By 1983 few of
those varieties

were found in the
Mational Seed
Slorage Laboratony.”

Muskmelon

Lettuce ﬂ

Sweet corn
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TOTAL # OF VARIETIES
1903: 3879
1983: 307

-92.1%

" CHANGED ITS MAME IN 2001 TO THE NATICHMAL

JOHN TOMAMIC, NGM STAFF. FOOD ICONS: QUICKHOMEY
CENTER FOR GEMETIC RESOURCES PRESERVATION

SOURCE: RURAL ADNVAMCEMENT FOUNDATICN INTERMATICMAL




Come ci siamo arrivati?
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Agricultural sustainability and intensive production practices,

Tilman et al., Nature 418, 671-677(8 August 2002) doi:10.1038/nature01014



http://www.nature.com/nature/journal/v418/n6898/full/nature01014.html

Conventional Agriculture

hyper-Simplification ﬂ[j>ControI ecosystem services (provisioning
aiming at: increase of each single process efficiency

Scaling-up means of

material production:

* Meccanization

* Synthetic inputs

* Pesticide: (insecticides
herbicides fungicides)

* Fertilizers.

* Genetics selection
developed in simplified
context




Conventional Agriculture Externalities

Water pollution from synthetic products and excess
on; nutrients; over 38% of surface water bodies are affected
' by diffuse pollution, mainly from agriculture (EEA, 2018)

EVAPORATION
SPRAY DRIFT
EROSIO

i Pesticide residues in agricultural products have eroded
public trust and raised concerns about food safety. EFSA
reported that over 3.9% of food samples analysed

contained pesticide residue levels above the legal limits
(EFSA, 2023)

G e Greenhouse gases from agricultural activities accounts

removal Monocropping (between groXing se?ons)

R or around 10% of the European Union's emissions (EC,
| PSR S A AW ) 2022)

Crop managenfient

P conacion - Habitats loss have led to a concerning loss of

* Heavy tractors

e e bjodiversity Agriculture has been the primary driver of
soitmanagement — hiodiversity loss in Europe, with over 60% of EU-
protected habitats and species associated with
agricultural land in unfavourable conservation status

(EEA, 2020)

Minleral Pesticides Heavy pl‘oughing
fertilizers

Pirsaheb, Meghdad & Moradihamadani, Negin. (2020). Sonochemical degradation of pesticides in aqueous solution: investigation on
the influence of operating parameters and degradation pathway — a systematic review. RSC Advances. 10. 7396-7423.
10.1039/C9RA11025A.

EEA (2018). European Waters: Assessment of Status and Pressures 2018. European Environment Agency Report No 7/2018. Retrieved from https://www.eea.europa.eu/publications/state-of-water

EFSA (2023). The 2021 European Union Report on Pesticide Residues in Food.. Retrieved from https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2023.7939

EC (2022). Agri-food data portal: Agri-environmental indicator - greenhouse gas emissions. European Commission. Retrieved from https://agridata.ec.europa.eu/extensions/Dashboardindicators/FarmStructures.html

EEA (2020). State of Nature in the EU: Results from reporting under the nature directives 2013-2018. European Environment Agency Report No 10/2020. Retrieved from https://www.eea.europa.eu/publications/state-of-n
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Conventional Agriculture direct treats

Long-term Perspective:
soil health degradation, driven by the depletion of organic matter and the

loss of soil biodiversity, threatens the very foundation of agricultural
productivity.

Over 60% of European soils are
degraded, with soil erosion,
ﬁ\ compaction, and loss of organic
ol deraditin matter being the most
s e significant threats (JRC, 2021).

Physical degradation:
structure loss,
compaction and erosion

\Water erosion @

Reduced water
infiltration

@
e

N trient loss This degradation undermines the
N ~ A vital functioning mechanisms

| : that support crop growth and
ecosystem services.




-@-United States - Australia -#-Canada -@ China -LdBrazili --Europe

Conventional Agriculture ™=
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Short-term Perspective: R =T
2 100
The overreliance on synthetic inputs and g =
control measures has led to the - |
emergence of resistance in pests and E ¥
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The International Survey of Herbicide s Or.1an Heap, WeedScience.org 2019
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Drivers of change: soil pollution by pesticides

Limits of quantification:
0,01 mg/kg (LC-MS/MS multi); 0,005 mg/kg (GC-HRMS); 0,05 mg/kg (glyphosate/AMPA)

(Liquid Cromatography & Mass Spectrometry; gas chromatography-high-resolution mass spectrometry;

aminomethylphosphonic acid)

0 No residues 2 LOQ @ 1 residue O2 -5 residues B6 - 10 residues B > 10 residues

United Kingdom
(N=30)

Denmark
(N=30)

Italy
(N=30)

Greece
{N=30)

Spain
(N=30)

. (Mn=2.5, n=29) bc

I B (vre, net6) o

- (Mn=2, n=24) d

. (Mn =2, n= 24) bed
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Agriculture 3.0 Can it be the solution?

“Precision Farming
improves the accuracy
of the operations,
managing in-field
variability.

The goal is to optimise
the agronomic output
while reducing the
input (‘more with less’)”

CEMA aisbl - European Agricultural Machinery




Number of survey participants mentioning this type of DT
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Digitalization 4.0, some examples?

Automation, control &
robotics

Data acquisition &

communication tech.

Information system IS &
operation mngmt.

M Farmers

Data science & DSS

W Advisors

Manufactoring tech. & Resource-related tech.
equipment

W POs/PAs/Coops

IS - Collaborative tech.

IS - ICT's (platforms &
mobile devices)




Use robotics/automation for field operations with lower
environmental impact and optimization of effectiveness,
such as fungal disease or insect management.

Uv-c application to prevent AgroRobot remove bugs throught
powdery mildew (Oidium) vacuum
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AGROBOT Home Projects Capabilities Contact

Discover the new Bug Vacuum
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Use robotics/automation for field operations with lower
environmental impact and optlmlzatlon of effectlveness
such weed management = & y

4 S&r
:?‘ i # g o .
fld, tle'f(echno oy |.td
Robocrop in row weeder recognize
the crop and remove ALL the weeds

Automation of tractor:

horticulture, as vineyard;
_high revenue labour intensive crop

Main goal: reduce labour effort

)
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Automation to reduce labour effort

uﬂ-,.:?” o e e ki ) 3
Lo athex .
o b5

Robocrop: avoid lot of hours of hard
unspecialized work

Take a decision: start a process of

Automation of tractor: autonomous field management based
Allow to avoid 1 driver on image management.
Take many decisions based on RTK and image  Increase in complexity of management;
processing. Offer the opportunity to start a

No increase in complexity: guantitative change

ualitative change

.....
B
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Use of sensors for any mean of production (even
workers) to optimize farm management | —— A i

1, . .
9' - Aptlmlz Solutions v Quisommes-nous?  Actus Me connacter Demandez une démo = m
LIVESTOCK STIATY Goo
) 1 =T :

SIVAL, Angers 2024



Agroecological lens:




Agroecological lens:

Corridors and
sources areas

Specific species
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Functional
Agrobiodiversity
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Erisman, Jan Willem & van Eekeren, Nick & De Wit, Jan & Koopmans, C.J. & Cuijpers, W.J.M. & Oerlemans, WWEF, 2016 (adapted from Millennium Ecosystem Assesy
Natasja & Koks, B.J.. (2016). Agriculture and biodiversity: A better balance benefits both. AIMS Agriculture 2005)
and Food. 1. 157-174. 10.3934/agrfood.2016.2.157.




Using diversity (complexity) in the agroecosystem to obtain servic
(regulation, support and provision).




Agroecologia:
Sostenibilita Economica, Sociale ed Ambientale

La sostenibilita: soddisfare le necessita produttive del presente senza compromettere la capacita future.

| sistemi agroalimentari sostenibili sono quelli che
riconoscono l'importanza della conoscenza e dell'uso
rispettoso delle risorse naturali e della biodiversita locale,
pianificando i sistemi con una visione a lungo termine, con
I'obiettivo di mantenere il loro potenziale di fornire servizi
ecosistemici per le generazioni future in modo
economicamente sostenibile e socialmente giusto (lkerd
2008).




Sostenibilita Economica

. Riduzione dei Costi di Input:
L'agroecologia promuove l'uso di pratiche agricole che riducono la
dipendenza da input esterni costosi come fertilizzanti chimici e pesticidi.
Ad esempio, |'uso di compost e altre pratiche di fertilizzazione organica
puo ridurre i costi e migliorare la fertilita del suolo nel lungo termine.

. Valorizzazione dei Prodotti Locali:
Promuovere e valorizzare i prodotti locali non solo sostiene I'economia
regionale, ma puo anche ridurre i costi di trasporto e migliorare la
resilienza delle comunita locali. Ad esempio, la trasformazione dei
sottoprodotti agricoli in nuovi prodotti commerciabili puo creare nuove
opportunita di mercato.




Sostenibilita Sociale

. Creazione di Posti di Lavoro di qualita:
Le pratiche agroecologiche spesso richiedono manodopera piu
specializzata (knowledge intensive) rispetto all'agricoltura convenzionale,
creando cosi posti di lavoro di qualita.

. Coinvolgimento dei diversi attori della filiera:
L'agroecologia incoraggia la partecipazione dei diversi attori coinvolti nelo

sviluppo dell processo produttivo, nella gestione dei processi di transizione
e di impiego delle risorse naturali e dell’agroecosistema. Questo puo
rafforzare il tessuto sociale e migliorare la coesione comunitaria, cercando
di gestire | conflitti attraverso un approccio cooperativo e multi attoriale.




Sostenibilita Ambientale

. Conservazione della Biodiversita:
L'agroecologia promuove 'utilizzo della biodiversita funzionale e
I'integrazione di specie animali e vegetali, contribuendo alla conservazione
della biodiversita.

. Riduzione dell'Impatto Ambientale:
Le pratiche agroecologiche mirano a ridurre le esternalita negative
dell'agricoltura “convenzionale” attraverso |'uso consapevole delle risorse
non rinnovabili ed un utilizzo rigenerativo delle risorse naturali
potenzialmente rinnovabili.
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From Agrobiodiversity
to Functional Agrobiodiversity

* Functions or services? A terminological dilemma

* In an agroecosystem perspective functions and services tend to
coincide

* Which functions (services)?
* Productivity (of crops/livestock)
* Soil nutrient cycling (crop nutrition)
* Biological control (of crop pests)
* (Weed suppression)

» Mitigation/adaptation to climate change

* Both production- and non-production-related services matter




Can biodiversity deliver
agroecosystem functions (services)?

Not all biodiversity is useful in agroecosystems

Positive — service
Negative — disservice
Neutral

The useful (functional) part of biodiversity must be
selected and fine-tuned to every given context
(agroecosystem)

Traits

Many people tend to confuse biofunctionality with
functional biodiversity




Functional agrobiodiversity: categories

Agron. Sustain. Dev. (2014) 34:327-348
DOI 10.1007/513593-013-0178-1

REVIEW ARTICLE

Functional agrobiodiversity and agroecosystem services
in sustainable wheat production. A review

Ambrogio Costanzo - Paolo Barberi

* Functional identity (bio functionality)

The presence of a set of homogeneous phenotypic traits related to the expression of an
ecosystem service (e.g. a smothering cover crop species)

* Functional composition (i.e. complementarity)

The complementary effect of different traits, expressed by co-occurring elements, on the
expression of an ecosystem service (e.g. the smothering effect of intercropping)

* Functional diversity s.s.

The direct effect of heterogeneity within the crop stand on the expression of an ecosystem

service (e.g. the smothering effect of a genetically diverse crop stand)
Costanzo & Barberi (2014). Agronomy for Sustainable Development 34, 327-348.

S. Carlesi - Course Agroecosystem complexity and challenges
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This picture depicts a problem: which one?

S. Carlesi - Course Agroecosystel N , RN
CIHEAM-IAMB MSc SUSTAINABLE I¥w. - DU S vl s __ MWL _..rABLE CROPS




Defining the Service

We can define the target
Agroecosystem service:

Reduce aphids population

In the agroecosystem, who
can reduce aphids
population?

S. Carlesi - Course Agroecosystem complexity and challenges

CIHEAM-IAMB MSc SUSTAINABLE IPM TECHNOLOGIES FOR MEDITERRANEAN FRUIT AND VEGETABLE CROPS



http://www.vegetablegardener.com/

Defining the functional group

Based on the target Agroecosystem service, we
define the Agroecosystem Functional Group

Natural enemies of aphids

Picture from here

AN N 7!

Picture from here

How can they reduce aphids population?

S. Carlesi - Course Agroecosystem complexity and challenges

CIHEAM-IAMB MSc SUSTAINABLE IPM TECHNOLOGIES FOR MEDITERRANEAN FRUIT AND VEGETABLE CROPS



http://www.whatsthatbug.com/
gardenofeaden.blogspot.com
http://www.freshplaza.com/

Defining the functional group

Based on the way the elements included in the Agroecosystem
Functional Group express the service, this group can be split in

Trait-based functional groups

Natural enemies of aphids

/\

Parasitoids Predators

And we can go
deeper...



Bio-Functionality

* In synthesis
0) What to do?

—  Reduce aphids population:
The Agroecosystem service

1.1) Who can do it?
—  Natural enemies of aphids
The Agroecosystem Functional Group

1.2) How they do it?
Parasitoids Predators
—  Predation - predators e G
—  Parasitism - parasitoids

Trait-based Functional Groups within the
Agroecosystem Functional Group




From Bio-Functionality ...

Now, | can say this:

The service «reducing aphids
population»

4 )
... 1S expressed by the presence of
«Natural Enemies» ...

... which can be «predators» or
\_«parasitoids> Y,

One species of predators is enough

| defined the «Bio-Functionality»



... to Functional Diversity

Once defined the Bio-functionality, if | say
that:

The service «reducing aphids
population»

-

o

~

... 1S better expressed by the presence of
3 different species of natural enemies
instead of just 1

I’m talking of Functional Diversity
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... to Functional Diversity

or even that:

The service «reducing aphids
population»

/... is better expressed by the co- A

presence of predators AND parasitoids

instead than by just one of the two
groups

J

I’m talking of Functional Diversity




The big question:
how can diversity

improve services?

There are many possible
answers.

This simulation shows that,

with higher species richness:

A. Total biomass increases

B. Resources are more
efficiently consumed

Total Community Biomass

Unconsumed Resource

—
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0 1 2 3 4 5 6 7 8B 9
Qriginal Species Diversity



The big question:
how can diversity

@ [ J
improve se rvices?
;:g‘
]
3
Here is an experimental °
I
example z
[
2
Fig. 7. (A) Total plant cover, a measure of
total community plant biomass, for the small
biodiversity experiment at Cedar Creek. Resulis
are for 1997, the fourth year of the experiment.
Mean responses (1 sg) are shown, as are re-
sults of contrasts. Means that differ significantly 0.26
al the P << 0,05 level do not share any lowercase !
letter. The curve shown is fitted through all of 0.24
the data. (B) The dependence of soil nitrate on
diversity for this same experiment, shown sim- 0.22
ilarly, for soil cores from a depth of 0-20 ¢m. [
o 0.20F
o [
£ 0.18¢
= [
The Resource 31015
0.14
0.12
0.10
0.08

Diversity




The big question: br
how can diversity &
improve services? E:
=
And here is the explanation: iy
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Each species has its own 3
ecological niche (the white " B
circles in plot A).
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Ecological nichevs Habitat
ECOIOgicaI n iChEDefinition: The ecological niche

represents the role and location of a species within an ecosystem,
including its interactions with other organisms and the physical
environment.

Components:

Spatial: Where the species lives (habitat).

Trophica: What it eats and by whom it is eaten.

Functional: The ecological function of the species (e.g. predator,
decomposer).

Example: A frog's niche may include its diet (insects), its role as prey
for snakes, and its habitat (ponds).

Habitat

eDefinition: Habitat is the physical place where a species lives. It is
the natural environment that provides the resources necessary for
the survival of the species.

eComponents:

e Abiotic: Physical factors such as light, temperature, water, and soil.
eBiotic: Presence of other species (predators, prey, competitors).
eExample: A frog's habitat could be a pond or stream at a certain
latitude, height above sea level.

Key Differences

Ecological Niche: It concerns the
role and interactions of a species.
It is more specific and complex.
Habitat: This is the physical place
where a species lives. It is more
general and descriptive.

Possible Sources of Confusion
Overlapping Terms: Often used
interchangeably, but they are not
synonymous.

Niche Complexity: The ecological
niche is a broader concept that
includes habitat, but also
interactions and the role of the
species in the ecosystem.




The big question:
how can diversity

improve services?

Let’s try to transfer this
concepts into our example on

aphids’ natural
enemies

e.g. Variable B

ar

Variable A
(e.g. air moisture)

Each natural enemy will occupy
its own niche, in which it will
«consume» aphids

S. Carlesi - Course Agroecosystem complexity and challenges

CIHEAM-IAMB MSc SUSTAINABLE IPM TECHNOLOGIES FOR MEDI T e



The big question:
how can diversity

improve services?

The service is
«reducing aphids

abundance»
/

Unconsumed Resource

ﬂ i i i 1 i i i I [ |
0 1 2 3 4 5 6 7 8 9 10 11
Original Species Diversity

-

For our «natural enemies», L P ; |
aphids are «the resource» g , =

S. Carlesi - Course Agroecosystem complexity and challenges

CIHEAM-IAMB MSc SUSTAINABLE IPM TECHNOLOGIES FOR MEDITERRANEAN FRUIT AND VEGETABLE CROPS



The big question:
how can diversity

improve services?

. pathogen

A variant is the improved '
resistance to diseases in

mixed instead of homogeneous Homogeneous
populations.

susceptible host
( N
The Host

\Dilution Effect

/ . pathogen

~

Heterogeneous
host

S. Carlesi - Course Agroecosystem complexity and challenges

CIHEAM-IAMB MSc SUSTAINABLE IPM TECHNOLOGIES FOR MEDITERRANEAN FRUIT AND VEGETABLE CROPS




The big question:
how can diversity V

improve services? Ractation,
Beyond richness, why diversity
in functional traits can be so
important? Nitrogen
Niche A /
Complementarity
Effect
- /
C4 grasses + Legumes is a classical C4 Grasses
example:
C4 grasses maximise L
photosynthetic efficiency but need egumes
Nitrogen Nitrogen

Legumes fix Nitrogen




SCIENCE ADVANCES | RESEARCH ARTICLE

ECOLOGY

Agricultural diversification promotes multiple
ecosystem services without compromising yield

Giovanni Tamburini'?*, Riccardo Bommarco', Thomas Cherico Wanger1'3+, Claire Kremen*?,
Marcel G. A. van der Heijden®’, Matt Liebman®, Sara Hallin®

0.4 1 Trade-off-1 O Biodiversity (1,1,1)
o 12% @ Pollination (1,1,1)
© CE__ 0.2- ©) Pest control (8,6,4)
= o o = ,
iy ) Water regulation (12,7,7)
Q 00+4--——----m-- O--- : :
8_ g o X | : _ = . Nutrient cycling (20,8,8)
3 8 ol " _ © Soil fertility (17,4,4)
% ~0.2 | < Carbon sequestration (4,3,3)
o (109 : 15% 3,
s /o : @ Climate regulation (21,16,8)
-0.4 { Lose-lose . @ Trade-off-2
-0.5 0.0 0.5 1.0

Concomitant ES response (InRR)

Tamburini et al., Sci. Adv. 2020; 6 : eabal1715 4 November 2020




Diversified systems and ecosystem services

A All diversification practices
100 -
Response
75 - Positive
- Neutral
%) Negative
N
7))
-cg 50 =
=
©
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e\\

Tamburini et al., Sci. Adv. 2020; 6 : eabal1715 4 November 2020
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What do we work on?

® Genetic agrobiodiversity
® Crop cultivars

® Cultivar mixtures

® Evolutionary populations (e.g. CCP)
® Species agrobiodiversity
® Crop rotations/sequences

® Cover crops
o

Intercropping/living mulches

® Habitat agrobiodiversity
® Field margins
® Hedgerows

® Other semi-natural habitats




Mediterranean (agroecological) systems
radition as a source of innovatig
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Tradition: alfa alfa (or perennial clover) intercropped with cerals

Sowing of the
legume in the
wheat crop to
anticipate the
next pasture

meadow

B A L ETY
VA4 AR
ONDGFMAMGLASONDGFMAM

federico.leoni @santannapisa.it (PhD)




Diversity at the species level: in space

Complementarity of

P ) y ) \/ Solar radiation
resource use in mixes
between grasses and CO,

legumes: an efficient and
productive system

*Reduce competition

between planned species

*Controlling spontaneous

puncture Nltrogen

*Cover the ground
*Provide organic matter
*Provide nitrogen (and to

the next crop) \(.7?
MUNE A
Complementary
root systems




Innovation: servizi agroecologici

Cropping system (26 species tested)

General hypothesis

Services provided after
wheat harvesting

Annual species

1 |H\ 1 ‘T |
‘V/‘V/WW/W | i 1‘\ﬁ}l\ﬂ|\‘\h!£cu

ONDGFMAMGLASONDGFMAMGLASO

Self-reseeding annual species

WW‘WWKM Wegs

_ONDGFMAMGL

Perennial
species

WW/\W/‘W@ Al dBE

ONDGFMAMGLASONDGFM”AMG

federico.leoni @santannapisa.it (PhD)

Services:Manage
ment of
spontaneous flora
Soil quality
Washer quality

* Dead mulch for the
control of spontaneous
flora or a green manure

 Dead mulch in summer.,
reborn in autumn winter
(catch crop).

» It can provide dead mulch
or subsequent spring
green manure.

» Pasture meadow (original
purpose),

« Catch crop in winter and
a dead mulch or green
manure in spring




Relay intercropping of legume in wheat
Site: Ravenna

u\w\Wﬂh?vF Q’Q Hg ré*g

a4 @ @
A ' s . .
frer %8 88 Data from sampling performed in September
0005 09 11 _13 21 22 29 30 31__32 39 45 49-51 52 59 61-69 71-92 BBCHscale
Control Poliennal Annual Ann. self-reseeding
400 - B Weeds:p<0.05
375 - C Legume:p<0.05
350 - BC
325-
300-
_ 275~
& BC BC
£ 250-
—
=2 225- BC BC
* - Weeds
g 200 - -
Legumes
O 475- 8C =
o
S 150 -
)
125
100 - ARG
75-
50 -
d d
25- bed d
a ab bc a
1 I | 1 1 | 1 1 1 I 1 1 1 I
CNT Hcor Mlup Msat Trep Tmic Tres Wil Osat Tinc Mpol Mscu WMiru Tsub
Intercropped legume species
Dry biomass of intercropped legumes species and weeds in September. CNT: control (wheat as sole crop),
Hcor: Hedysarum coronarium, Mlup: Medicago lupulina, Trep: Trifolium repens, Msat: Medicago sativa, Tmic: Trifolium michelianum,
Tres: Trifolium resupinatum, VIvil: Vicia villosa, Osat: Ornithopus sativus, Tinc: Trifolium incarnatum, Mpol: Medicago polimorfa,
Mscu: Medicago scutellata, Mtru: Medicago truncatula, Tsub: Trifolium subterraneum.




Innovation:no till in organic horticulture

 Reduces labor costs and emissions

* Increases soil quality:

* Improve the structure

 Reduces compaction (?)

* Increases organic matter (?)

* |Improve the management of rainwater (?)

e Safeguarding biodiversity of soil microorganisms

Main issues:Reduces nutrient availability
Increases the pressure of weed flora




Dead mulch :sunflower direct seeded on vicia mulch
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cover crop/crimper e semina girasole  su orzo.MOV

Ytlowering




ggroecological alternatives to contentious inputs
(e.g., glyphosate)

INSTITUTE
OF LIFE
SCIENCES

\ Scuola “Il|u'l‘inl'x'
) Sant’Anna







No-till system with legume (vetch) cover crop

devitalised mechanically (roller crimper)
Wheat/(cover crop)/sunflower rotation

® N supplied by late roller-crimped cover crop: 135 kg/ha (3-yr

average)

® Sunflower yield: 4 to 5 t/ha (no significant difference compared with
100% and 50% glyphosate)

® Operational costs:

® Ploug
® No-til

ned sunflower (no vetch): 583 €/ha
 sunflower + vetch + 100% glyphosate: 600 €/ha

® No-til]

' sunflower + vetch + roller-crimper: 540 €/ha

Antichi et al. (2022). Agron. Sust. Dev. https://link.springer.com/article/10.1007/s13593-022-00815-2

S. Carlesi - Course Agroecosystem complexity and challenges

CIHEAM-IAMB MSc SUSTAINABLE IPM TECHNOLOGIES FOR MEDITERRANEAN FRUIT AND VEGETABLE CROPS


https://link.springer.com/article/10.1007/s13593-022-00815-2
https://link.springer.com/article/10.1007/s13593-022-00815-2
https://link.springer.com/article/10.1007/s13593-022-00815-2
https://link.springer.com/article/10.1007/s13593-022-00815-2
https://link.springer.com/article/10.1007/s13593-022-00815-2
https://link.springer.com/article/10.1007/s13593-022-00815-2
https://link.springer.com/article/10.1007/s13593-022-00815-2
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Functional composition: an example

® To study the influence of cover crop functional mixtures on
weed suppression in no-till organic aubergine

RESEARCH HYPOTHESES

® Cover crop mixtures based on a higher number of species (=
functional biodiversity) improve weed suppression

® Weed suppression is further enhanced in cover crop mixtures
based upon selected trait combinations for the target service (=
functional composition)

S. Carlesi - Course Agroecosystem complexity and challenges

CIHEAM-IAMB MSc SUSTAINABLE IPM TECHNOLOGIES FOR MEDITERRANEAN FRUIT AND VEGETABLE CROPS




Case study

Cover crop functional mixtures in a no-till organic vegetable

system
Ranaldo et al.,, Weed Res., 2020
The Functional |dentify functional
Approach traits

.A _(7\‘

Target services in
organic agriculture:

¢ - - vIan F R ' ‘
y. Early growth .

Habitus
Root development

Weed suppression

| N Catchlng

Nitrogen provision | N
Nltrogen flxatlon !

S. Carlesi - Course Agroecosystem complexity and challenges

CIHEAM-IAMB MSc SUSTAINABLE IPM TECHNOLOGIES FOR MEDITERRANEAN FRUIT AND VEGETABLE CROPS




Case study

Cover crop functional mixtures in a no-till organic vegetable

system
Design cover crop mixtures to enhance agroecosystem services

Functional Groups (FG)

Pure stands

+ Nitrogen fixation . Nitrogen f‘ixatio‘n‘

Large Seeded Legumes

Pisum sativum L.
Vicia sativa L.

- Early development
and soil cover

« Development in
height

- Vining habitus
. s ¥

- Deep root system 8

Trifolium incarnatum L.
Trifolium squarrosum L.

Boacane - Nitrogen catching .+ Nitrogen catching
Hord Igare L. . s 2 B b
Fokimien 5 i '~ « High compentitive - Allelopathic potential |

i ability 3 (residues)

IF?aphanus sativus L.
JBraSSIca nigra Koch

L. e

B
- Fascicled root sytem i |« Tap-root sytem :

S. Carlesi - Course Agroecosystem complexity and challenges

CIHEAM-IAMB MSc SUSTAINABLE IPM TECHNOLOGIES FOR MEDITERRANEAN FRUIT AND VEGETABLE CROPS




Case study

Cover crop functional mixtures in a no-till organic vegetable
system

Design cover crop mixtures to enhance agroecosystem services

Functional Groups (FG) Vetch

Barley

Pure stands

Large Seeded Legumes

B el 4FG Pea  [Squarrosumc.| Barley  |Black mustard
Vicia sativa L. &
& 3FG Pea Vetch Barley Radish
Gimsonc._[Swemsme| ot __[pleck st
Tr{fa!{um T 2FG Pea Vetch Barley Oats
Trifolium squarrosum L.

Poaceae

Hordeum vulgare L.

Avena sativa L. 2FG
Brassicaceae ,@‘5
Raphanus sativus L. 1FG

Brassica nigra Koch

S. Carlesi - Course Agroecosystem complexity and challenges

CIHEAM-IAMB MSc SUSTAINABLE IPM TECHNOLOGIES FOR MEDITERRANEAN FRUIT AND VEGETABLE CROPS




Case study

Cover crop functional mixtures in a no-till organic vegetable

Cover crop termination
Roller crimper & weed flaming

l Aubergine transplanting

2015
2016

October November December January February March April May June July August  September October November




Melanzana in agricoltura biologica e non lavorazione

Coltivazione della coltura di copertura e Devitalizzazione

marzia.ranaldo @santannapisa.it (Post Doc)




Trapianto della Melanzana
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Gestione delle infestanti e raccolta

g




La Diversita funzionale riduce la presenza di flora
infestante durante lo sviluppo della coltura da reddito

Species Diversity Functional Groups Diversity
W Efomase &l 84 DAT v Number of Specas Wead Beomida al B4 DAT wi Mumbsr of FurcSonal Groups
o -
g
i 2
2 | 3
B :
giﬂﬂ- + + )'
100-
’ 2 """""“'j"ﬁl’m ’ : . i M.IrbﬂrufFlrmumlé jonal Groupe . *
y=1.672 - 0.037 log(x) y=5.417C 0.289)log(x)

p<0.00018 #** p<3.04e-05 ¥




Case study

Cover crop functional mixtures in a no-till organic vegetable

system
Effect of diversity on services provisioning: Weed suppression

2015
y=0.11x - 0.90 log(x) + 2.92 y = 0.37 x -1.6 log(x) + 2.78
Con. R’= 0.17; Mar. R’= 0.07: p-value<0.01 Con. R*=0.21: Mar. R“= 0.10; p-value<0.001

5

1
=

Log total weed biomass (g m )
P? Lo

2 4 G B 1 7 3 4
Number of species Number of funclional groups




Case study

Cover crop functional mixtures in a no-till organic vegetable

system
Effect of diversity on services provisioning: Nitrogen fixation

y=04.19 - 7.66 x + 22.44 log(x); Con.R?*=0.49: Mar.R*=0.46; p<0.001

—“— o y \1
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S. Carlesi - Course Agroecosystem complexity and challenges
CIHEAM-IAMB MSc SUSTAINABLE IPM TECHNOLOGIES FOR MEDITERRANEAN FRUIT AND VEGETABLE CROPS




Dose di Azoto equivalente

Effect of Fertilization Dose in 2016

150 A

100 A

90 A

Marketable Fruit dry weight [gm_z]

C'i'R AVESA PIBSX VICSA TRFSR M2a M2b M2c M2d M4a M4b M4c M4d M8
Mixtures

M2a - Squarrosum clover + Crimson Clover M4a — Pea + Vetch + Barley + Oat
M2b - Pea + Barley M4b — Pea + Vetch + Barley + Raphanus

M2c - Squarrosum clover + Black mustard M4c — Squarrosum clover + Crimson clover + Black mustard + Oat

O7ngha

60ngha

30ngha

O kg N ha

M2d - Crimson clover + Oat M4d — Pea + Barley + Crimson clover + Balck mustard



Agroecology: a new approach for a new system

The goal is no longer to optimize the single element of a given system,

no longer controlling and simplifying the ecosystem to manage what we can
understand (reductionist approach).

The goal is to understand its complexity, to know the mechanisms and functions that
make the agroecosystem work and shape it to optimize and manage it.

The characteristics, function and mechanisms of the agroecosystem are not separable
they are interconnected and must therefore be studied in their interactions.

The study of interactions requires huge amounts of data and a huge computational effort.
Agroecology is very strongly connected with technological innovation, because it requires
the creation and management of a lot of knowledge.

The agroecological model is based on intensive knowledge, strongly dependent on the
climatic, pedological, biological and social context. Agriculture is a human activity

=

15

Ewert, F., Baatz, R., & Finger, R. (2023). Agroecology for a sustainable agriculture and food system: from local solutions to large-scale adoption. Annual
Review of Resource Economics, 15, 351-381.



Come potremmo definire I‘agroecologia?

Il Cesalpino 48/2019 - Agroecologia (P. Barberi)

Come scienza,L'agroecologia studia le interazioni
ecologiche tra i diversi organismi al fine di
progettare sistemi di produzione agricola che
siano autoregolanti e che comportino il minor
ricorso possibile a input esterni (fertilizzanti,
prodotti fitosanitari).

Come pratica, L'agroecologia promuove sistemi agricoli
diversificati basati sull'uso consapevole della biodiversita
e dei servizi ecosistemici associati (ad esempio, il controllo biologico dei parassiti).

Come movimento, L'agroecologia sostiene l'agricoltura familiare, le filiere corte, 'uso
delle risorse locali, lo scambio di conoscenze tra professionisti, cittadini e scienziati,

un'equa remunerazione per gli agricoltori e la riconnessione degli agglomerati urbani e
delle campagne.
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The practical principles of Agroecology

o-ecological Innovation Network
http://agro-ecoinnovation.eu

® Biomass recycling, organic matter supply and optimization of
biogeochemical cycles

® Low dependency on external inputs

® Conservation of limited natural resources (soil, water)
® Valorisation of unlimited natural resources (radiation)
® Conservation of genetic diversity (crops and livestock)
® Yield optimization and stability (not maximization)

® Enhancement of the positive interactions between components of the
agroecosystem

® Mixed crop-livestock systems

® Agroforestry and agroforestry systems

® Conservative biological control of adversity




The thirteen principles of Agroecology (AEE

PARTICIPATION

Encourage social organization and greater

participation in decision-making by food
producers and consumers to support
decentralized governance and local adaptive

management of agricultural and food

systems. LAND AND NATURAL
RESOURCE GOVERNANCE

Recognize and support the needs and
interests of family farmers, smallholders
and peasant food producers as sustainable
managers and guardians of natural and

genetic resources.

CONNECTIVITY

Ensure proximity and confidence
between producers and
consumers through promotion of
fair and short distribution
networks and by re-embedding
food systems into local
economies.

]

RECYCLING

Preferentially use local

SYNERGY
renewable resources and

Enhance positive ecological interaction, close as far as possible
synergy, integration, and resource cycles of nutrients
complementarity amongst the elements and biomass.

of agroecosystems (plants, animals,

trees, soil, water)
4 INPUT REDUCTION

Reduce or eliminate
dependency on purchased
inputs.

FAIRNESS

Support dignified and robust
livelihoods for all actors engaged in
food systems, especially small-scale
food producers, based on fair trade,
fair employment and fair treatment
of intellectual property rights.

SOCIAL VALUES AND
DIETS

Build food systems based on the
culture, identity, tradition, social
and gender equity of local
communities that provide healthy,
diversified, seasonally and
culturally appropriate diets.

CO-CREATION OF
KNOWLEDGE

Enhance co-creation and
horizontal sharing of
knowledge including local
and scientific innovation,
especially through farmer-
to-farmer exchange.

W3ALSAS AOO4

ECONOMIC
DIVERSIFICATION

Diversify on-farm incomes by
ensuring small-scale farmers have
greater financial independence and
value addition opportunities while
enabling them to respond to demand
from consumers.

BIODIVERSITY

Maintain and enhance diversity of
species, functional diversity and
genetic resources and maintain
biodiversity in the agroecosystem
over time and space at field, farm
and landscape scales.

W3LSASOO30UOV

SOIL HEALTH

Secure and enhance soil health and
functioning for improved plant

4 ANIMAL HEALTH growth, particularly by managing

Ensure animal health and organic matter and by enhancing soil
welfare. biological activity.

THE FIVE LEVELS OF TRANSITION TOWARDS SUSTAINABLE FOOD SYSTEMS AND THE RELATED 13 PRINCIPLES

OF AGROECOLOGY SsoURCE: GLIESSMAN (2007) AND report by the High Level Panel of Experts on Food Security and Nutrition (HLPE, 2019)



10 Principles (FAO)
CO-CREATION AND SHARING OF KNOWLEDGE
Agricultural innovations respond better to local challenges
when they are co-created through participatory processes.

£
o

SYNERGIES

RECYCLING EFFICIENCY RESILIENCE

0l

CULTURE AND
FOOD TRADITIONS

RESPONSIBLE
GOVERNANCE

CIRCULAR AND
SOLIDARITY ECONOMY

HUMAN AND
SOCIAL VALUES

CO-CREATION AND
SHARING OF KNOWLEDGE

Figure 1. System components, key interactions, emergent properties and desired enabling environment in
agroecology as defined by the 10 Elements of Agroecology framework (FAO, 2018).




If the aim is:
-maintaining long-term productivity and food security,
-providing ecological benefits,
-and reducing negative external effects including aspects of injustice and inequality
of the currently predominant conventional agricultural practices

a new approach that overcome reductionism is needed

5 Gliessman levels 10 FAO elements 13 HLPE principles

LEVEL 5:

Rebuild the global food
system, so that it is
sustainable and
equitable for all

/-‘ Participation ’\

Human and Responsible
social value governance

Land and natural
resource governance

LEVEL 4:

Re-establish connections
between growers and
eaters, develop
alternative food networks Cocreation Culture and

of knowledge food traditions economy

FOOD SYSTEM LEVELS

Social values

e anddiets Connectivity
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Increase efficiency
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Ewert, F., Baatz, R., & Finger, R. (2023). Agroecology for a sustainable agriculture and food system: from local solutions to large-scale adoption. Annual Review of Resource

Economics, 15, 351-381.



Agroecology: a new approach for a new system

The goal is no longer to optimize the single given element in a given system,
no longer control and simplify the ecosystem to manage what we can understand
(reductionistic approach).

The goal is to understand the complexity, to know the mechanisms and functions that run
and shape the agroecosystem to optimize and manage it.

Agroecosystem characteristics, function and mechanisms are not separable

are interconnected and therefore need to be studied in their interactions.

Studying interactions needs
huge data and huge

5 Gliessman levels 10 FAO elements 13 HLPE principles
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B ,{% and high-frequency data is
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LEVEL 3:

Redesign whole
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LEVEL 2:
Substitute alternative
practices and inputs

LEVEL 1:
Increase efficiency
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of industrial inputs

health
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Incremental

Recycling

Efficiency

Ewert, F., Baatz, R., & Finger, R. (2023). Agroecology for a sustainable agriculture and food system: from local solutions to large-scale adoption. Annual

Review of Resource Economics, 15, 351-381.



5 Gliessman levels 10 FAO elements 13 HLPE principles
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Two approaches for the agroecological transition

“Trait base approach” or innovation based on the functional
use of diversity

“Agroecological Multi actor-approach” that is, an approach to
develop an agroecological transition process based on the
participation of the various actors involved




Functional agrobiodiversity:
the emergence of a trait-based approach

i |
Compeatition
Environmental change 1
Community
Environmeantal changse 2 structure
Richness
Composition
Interactio
Environmental change n raEhan=
b c Community
structure and
Global change p|  diversity
Envircnmental
and biotic changes
i Environmental and — .
Ecosystem blotlc changes
functioning

L —
Blodiversity w T
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Lavorel & Garnier (2002). Functional Ecology 16, 545-556.

S. Carlesi — Course Agroecosystem complexity and challenges

CIHEAM-IAMB MSc SUSTAINABLE IPM TECHNOLOGIES FOR MEDITERRANEAN FRUIT AND VEGETABLE CROPS




Functional agrobiodiversity:
the emergence of a trait-based approach

Functions « Functional markers =
Facundity Seed mass
Disperzal Raproductive height
Racruitment Raproductive phenclogy
Light interception Vegetative height | Life history traits
Competive ablity - Establishment
- Growth
Resource acquisition‘growth Traits of living leaves | - Reproduction
Litter decompaosition MIRS spectrum i
- Survival
Absormption (nutnents, water) Root density

Carbon fluxes (exsudation...)
Linderground competition

Root diameter, length
Root spacific area

-

Garnier & Navas (2012). Agronomy for Sustainable Development 32, 365-399.




Functional agrobiodiversity:
the emergence of a trait-based approach

® In Agroecology, the objective is to select
agrobiodiversity elements (at genetic, species
and/or habitat level) possessing the attributes
(«effect traits») most likely providing the target

AES (e.g., biological pest control).

® We have developed a four-step approach to
streamline research and practice aimed to

maximize the provision of AES.




Four-step approach
to functional agrobiodiversity (i)

Table 2 Example of application of our four-step approach to the implementation of a functional
agrobiodiversity study, including a participatory aspect’

Step Description Example Participatory aspect
(1)  Definition of the Improvement of soil health; Setting up local actors/
context and of site-  diversification of cropping/ stakeholders team:
specific objectives  farming systems; input reduction  participatory analysis of the
(fertilisers, pesticides); moving agroecosystem state and

towards organic crop production  co-definition of site-specific

. o . objectives (e.g. through
Specific Object focus groups)

Contex

Step 1: Contex and goals

Barberi & Moonen, 2020




Four-step approach
to functional agrobiodiversity (ii

Table 2 Example of application of our four-step approach to the implementation of a functional
agrobiodiversity study, including a participatory aspect’

Step Description Example Participatory aspect

(1)  Definition of Improvement of soil fertility, Co-definition of target
the priority pollution reduction, sustainable services for each study site
agroecosystem pest/disease management, water (e.g.through focus groups or
service(s) supply/quality semi-open interviews)

what
how

Step 2: priority

Barberi & Moonen, 2020




Four-step approach
to functional agrobiodiversity (iii

Table 2 Example of application of our four-step approach to the implementation of a functional

agrobiodiversity study, including a participatory aspect’ Barberi & Moonen, 2020

Step Description Example Farticipatory aspect

(1)  Definition of the Local legume plants (e.g. as cover Co-definition of local
agroecosystem crops/intercrops), mulches, natural resources and practices
functional group(s)  enemies of the target pests, (plants, habitat elements,
and of key wild plant species and habitat management techniques
traits/attributes structures (headlands, hedgerows, etc.) potentially able to
associated to the woodland, multi-layer agroforestry provide the target services,
delivery of priority etc.) attracting natural enemies taking into account farmers'’
agroecosystem or limiting disease spread, crop preferences; setting-up
service(s) cultural practices known to affect  on-farm trials

soll fertility and pest/disease
containment (genotype choice,
planting, fertilisation, pestfdiseasef
weed management etc.)

Step 3: functional sroups and triats




Four-step approach
to functional agrobiodiversity (iv)

Table 2 Example of application of our four-step approach to the implementation of a functional

agrobiodiversity study, including a participatory aspect’

Barberi & Moonen, 2020

Step Description Example

Participatory aspect

(iv) Definition of space Field, farm and landscape scale,
and time boundaries, fallow and cropping phase,
of the best set of soil visual estimate and on-field

health indicators, measurement of soil and plant
and of measurement status (e.q. physical, chemical and
details biological soil health estimated

by the spade test, SPAD-based
plant chlorophyll content, visual
estimate of pest/disease attack),
soll and plant sampling and
subsequent laboratory analyses
(e.g. soil structure stability,

ic carbon and NPK conte

Step 4: boundaries and measures

Co-definition of soil health
and crop performance
indicators: co-evaluation of
on-farm trials (e.g. through
focus groups and targeted
evaluation sheets)




Four-step approach
to functional agrobiodiversity (iv, cont.)

Table 2 Example of application of our four-step approach to the implementation of a functional
agrobiodiversity study, including a participatory aspect’

Step Description Example Participatory aspect

(1v) Deﬁn_itiﬂn of SF)E.‘ICF_J earthworm EIbUﬂdEIFICE), presence Co-definition of soil health
and time boundaries, _and crop performance
of the best set of soll and abundance of natural enemies indicators: co-evaluation of

health indicators, (sample) VEQEJ[HJ[I-GH/FHMC}W on-farm trials (e.g. through

and of measurement focus groups and targeted
cover (sample), crop growthand o, a1uation sheets)

marketable yield (sample), type

details

and abundance of surrounding
wild vegetation/habitats (sample),
number, type and rates of

pesticides applied etc.

Barberi, P., & Moonen, A. C. (2020). Reconciling agricultural production with biodiversity

conservation. Burleigh Dodds Science Publishing Limited.




Four-step approach
to functional agrobiodiversity (i)

Step 1: Contex and goals

Where?
Specific objects

Step 2: Priority what

Step 3: Functional groups and triats

How?

Step 4: Boundaries and measures




Multi-actor approach for an agroecological transition

Technical coach
E.g. Agronomist
e Contest aware: iﬁ)

Design o Pedoclimatic condition Researcher:
o Socio economic dynamics * Methods to
o Collective psychology test ideas
Development * Facilitator (soft skills) e Formalize
* Link with market process;
e Link with technical innovative * Create and
fself) mean of production spread
. knowledge
Motivated Farmers (AOP) . ik with
Dissemination % * Will of change! global
Piffusion [« Problems knowledge

-  |deas for solution
_ * Link with local knowledge




Design & Develop agroecological transition

Technical coach: ,%

Design 1. Provide an extensive depiction of local condition

2. Critical view on possible alternatives

3. Connects with nearby experience (farmers, AOP,
innovative companies)

Development

l@) Researcher:

1. Provide protocols to test single innovation
2. Put on the table “unthinkable” solutions
3. Connects with faraway experience

Farmers: provide starting point

1. Conventional agriculture critical points 5
2. Agroecological solution not working as desired =
‘TJ% 3. Decide what do and how to do it i




(Self) Evaluation: farm as a whole
i’%. Selection of indicators

Blsion

£ 5-:#.»"#-: dediln zzoize reiitagn

Realisation of system structur
Development of new indicators
Formulation and adaptation of indicators

Coordination of participatory process

Co-definition of indicators

i

(Se “f‘% Thresholds and weights
Evaluation
%: Instrument creation

Application and validation

"l"% Epr0|tat|on

DEXi-INVERSION, per la valutazione della sostenibilita delle aziende zootecniche, 82

p., http://www.progettoinversion.it/materiali-progetto/, ISBN 978-88-901624-3-5.



(Self) Evaluation: farm as a whole

INVEP4 SION
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DEXi- INVERSION per Ia valutazmne deIIa sostenibilita delle aziende zootecnlche 82
p., http://www.progettoinversion.it/materiali-progetto/, ISBN 978-88-901624-3-5.



Valutazione Complessiva Azienda #1 Management

(Self)-Evalyation

46,70% 70,32% 93%

s Dimensione Etica
0
Sistemi di Etologia Management
Allevamento collaborativa

-55% 100% 93%

INVEP4 SION

a

=1

al. (2020). Quanto e sostenibile la mia azi nda? Manuale DEXi NVERSIO§|, per la valutazione della
tecniche, 82 p., http://www.progettoinversion.it/materiali-progetto/, ISBN 978-88-901624-3-5.
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Dissemination - Diffusion 1% \
e Farmer Hub (living lab) )
i

and demo event
_ Science:

 « Elaborate data, solid methods, adapt methods
 Verifies & critical revies innovation tested
 Theoretical background for the innovation and

demo events .
Technical coach:&‘

 Arrange the filed trials
* Helps collecting data

* Prepare material to popularize the innovatio
* Arrange the demonstrative event

ne
Ch Farmer:

Dissemination

piffusion *  Develop the filed trials at with farm scale

Tells his direct experience (peer to peer) N

Evaluate critically the key point and bottl
¥ Host the demonstrative event 3




s Conclusions:
| Project approach not enough

oA i ﬂ"&

Needs to create mixed wider teams

Involve actively further key actors (e.g. public institution and
AOP)

Lasting in time experience for spreading best transition process
and practice

Working on innovation, with iterative approach (time needed)
Providing continuous assistance

Creating new knowledge

Actively sharing practical and theorical innovation

Contributing to continuously re-new and adapt innovation theory
and methods

©00

@GoAgroecology



The ESR transitioning approach towards
truly sustainable agricultural and food
SYStem S  System approach

* Strong input reduction
» Agrobiodiversity
* Social aspects

E S R

Efficiency Substitution Redesign

Precision Standard IPM Advanced IPM ‘ Agroecology

farming Conservation tillage Organic farming
|

Food system transformation




W31LSAS AOO4

WALSASOO3I0™UOV

PARTICIPATION

Encourage social organization and greater
participation in decision-making by food
producers and consumers to support
decentralized governance and local adaptive
management of agricultural and food
systems.

FAIRNESS

Support dignified and robust
livelihoods for all actors engaged in
food systems, especially small-scale
food producers, based on fair trade,
fair employment and fair treatment
of intellectual property rights.

SOCIAL VALUES AND
DIETS

Build food systems based on the
culture, identity, tradition, social
and gender equity of local
communities that provide healthy,
diversified, seasonally and
culturally appropriate diets.

CO-CREATION OF
KNOWLEDGE

Enhance co-creation and
horizontal sharing of
knowledge including local
and scientific innovation,
especially through farmer-
to-farmer exchange.

ECONOMIC
DIVERSIFICATION

Diversify on-farm incomes by
ensuring small-scale farmers have
greater financial independence and
value addition opportunities while -
enabling them to respond to demand @
from consumers.

SYNERGY

synergy, integration, and

trees, soil, water)

BIODIVERSITY

Maintain and enhance diversity of
species, functional diversity and
genetic resources and maintain
biodiversity in the agroecosystem
over time and space at field, farm
and landsca

ANIMAL HEALTH

Ensure animal health and
welfare.

Enhance positive ecological interaction,

LAND AND NATURAL
RESOURCE GOVERNANCE

Recognize and support the needs and
interests of family farmers, smallholders
and peasant food producers as sustainable
managers and guardians of natural and

genetic resources.

CONNECTIVITY

Ensure proximity and confidence
between producers and
consumers through promotion of
fair and short distribution
networks and by re-embedding
food systems into local
economies.

]

RECYCLING

Preferentially use local
renewable resources and
close as far as possible
resource cycles of nutrients

complementarity amongst the elements and biomass.
of agroecosystems (plants, animals,

INPUT REDUCTION

Reduce or eliminate
dependency on purchased
inputs.

SOIL HEALTH

Secure and enhance soil health and
functioning for improved plant
growth, particularly by managing
organic matter and by enhancing soil
biological activity.



Follow developments, events and publications on
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