N 4th World Congress
on Agroforestry

—

20-22 May 2019
Montpellier, France

Book of Abstracts

© Agnes Eyhéramendy




Under the High Patronage of
Mr Emmanuel MACRON
President of the French Republic

4th World Congress
on Agroforestry

20-22 May 2019
Le Corum - Montpellier, France

O)

@cirad =INA T ack@pous ALY ﬁ

World INTERNATIONAL HONTPELLER UNNERSITY of EXCELLENCE
Agroforestry



The views expressed in this publication are those of the author(s)
and not necessarily those of the Organisers.

Articles appearing in this publication may be quoted or reproduced without charge,
provided the source is acknowledged.

All images remain the sole property of their source and may not be used
for any purpose without written permission of the source.

Suggested citation: Dupraz, C., Gosme, M., Lawson, G. (Editors). 2019.
Book of Abstracts, 4" World Congress on Agroforestry.
Agroforestry: strengthening links between science, society and policy.
Montpellier: CIRAD, INRA, World Agroforestry. 933 pages.

Compiled by Alpha Visa Congrées

Edited by Christian Dupraz, Marie Gosme and Gerry Lawson with
the members of the Scientific Committee of the Congress.

Design and layout by Alpha Visa Congrés



RESEARCH
PROGRAM ON

Forests, Trees and
Agroforestry

o ‘,“ 29

; ,Landscape'a‘pproaches to tackle chmat change and
achleve"sus?ainable de\relopment and foOd secunty

.' =
>

What is FTA?

The CGIAR Research Program on Forests, Trees and Agroforestry (FTA) is the world'’s
largest research for development program to enhance the role of forests, trees and
agroforestry in sustainable development and food security and to address climate
change. CIFOR leads FTA in partnership with Bioversity International, CATIE, CIRAD,
INBAR, Tropenbos International and the World Agroforestry Centre. FTA's research
contributes to 14 of the SDGCs.

What do we work on?

« Tree genetic resources

+ Forests, trees and agroforestry for smallholder
livelihoods

« Sustainable value chains and investments

» Landscape dynamics, productivity and resilience
« Climate change adaptation and mitigation

« Gender, evaluation and impact assessment

foreststreesagroforestry.org ﬂ @FTA_CGIAR n foreststreesagroforestry
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Fondation de France:
The leading philanthropic network in France

Backed by almost 50 years of experience, the Fondation de France is the leading
philanthropic network in France. It gathers together founders, donors, volunteer
experts, employees and thousands of organizations, each committed and driven by
the desire to act.

Meet today’s challenges: provide solutions for tomorrow’s
Across all areas of general interest, the Fondation de France acts in the present and
prepares for the future:

-by meeting the needs of the vulnerable, with initiatives that improve social ties while
respecting their dignity and their autonomy;

-by developing promising solutions in the areas of innovation and social progress,
including medical research, the environment, education, culture and training.

Our actions in Agroforestry

Why is it important?

After a century of continuous progress made by intensive farming in developed countries,
output is stagnating and biodiversity is becoming worryingly impoverished,

Agroforestry, which consists in integrating trees into agricultural farming systems, could
provide a fair answer to this situation.

Our actions

While modern agroforestry systems have been developed over the past 20 years,
research on the subject remains underdeveloped in France. Traditional know-how has been
partially lost and basic knowledge is still fragmented. The Fondation de France awards
subsidies to encourage students to discover or expand this field of research as part of

a high performance team working on these questions,

www.fondationdefrance.com
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Canopy of agroforest with Shorea javanica trees, krui, Sumatra, Indonesia © E. Torquebiau

WELCOME ADDRESS

Welcome to the 4" World Congress on Agroforestry!

On behalf of the Organising and Scientific Committees, we would like to welcome you in Montpellier.

Montpellier, home of one of the oldest French Universities, is proud to host in 2019 the World Congress
on Agroforestry for the first time in Europe! Today’'s ‘Montpellier University of Excellence’ (MUSE I-Site)
gathers the forces of 19 institutions towards a common ambition: create a thematic research-intensive
university that will be internationally recognised for its impact in the fields of agriculture, environment
and health. In 2019, the University made it in the top 300 of the world’s best universities and first in the
Shanghai world ranking in ecology. CIRAD and INRA, members of the MUSE [-Site and co-organisers
of the congress, are proud to be associated to this world recognition. Together with their partners from
Agropolis International, World Agroforestry and the MUSE [-Site, they have worked hard to prepare your
congress and make your stay in the South of France a memorable one.

We will offer you the most recent national and international developments in agroforestry. Over three
days at the Corum Conference Centre, you will have the possibility to listen, to discuss and to exchange
about the concepts and the discoveries in your own field of research and beyond. You will be able to
listen to world-class keynote speakers addressing major world challenges such as climate change, food
security and sustainable development goals, under an agroforestry lens. You will be confronted to the
successes and failures of agroforestry research and challenged by innovative approaches for tomorrow's
research.

The scientific programme is organised with plenary and parallel sessions covering a wide range of topics:
climate change, biodiversity, agroecology, land degradation and restoration, public policies, adoption,
finance, germplasm, landscapes, etc.

Side-events, field trips and a rich social programme will keep you busy during an entire week in order
to make sure that students, science researchers, policy makers, donors, and professionals from agrofo-
restry exchange and discuss.

We thank our many sponsors that generously support us to ‘Make our planet treed again!’. You can visit
their exhibition stands in the lobby.

Enjoy your scientific journey in Montpellier and take time to discover a modern, 1.000 year-old city!

Emmanuel Torquebiau (CIRAD) and
Christian Dupraz (INRA)
On behalf of the Organising and Scientific Committees

4* World Congress on Agroforestry 20-22 May 2019 Book of Abstracts IX
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* Rodel Lasco, World Agroforestry, Philippines

e Bohdan Lojka, Czech University of Life Sciences
in Prague, Czech Republic

 Alejandra Martinez, CATIE, Costa Rica

¢ Delphine Meziere, INRA, France

* Geneviéve Michon, IRD, France

 Peter Akong Minang, World Agroforestry, Kenya

* Gerardo Moreno, University of Extramadura, Spain

* Maria Rosa Mosquera-Losada, University of Santiago
de Compostela, Spain

e Betserai Isaac Nyoka, World Agroforestry, Malawi

* Maren Oelbermann, School of Environment,
Resources and Sustainability, University of Waterloo,
Canada

e Alain Olivier, Faculty of Agricultural and Food
Sciences at Université Laval, Canada

e Joao Palma, University of Lisboa, Portugal

e Anastasia Pantera, TEl of Central Greece, Greece
e Joana Amaral Paulo, ISA, Portugal

¢ Eric Penot, CIRAD, France

e Andrea Pisanelli, National Research, Council of Italy,
Italy

* Tobias Plieninger, Universities of Gottingen & Kassel,
Germany

 Ravi Prabhu, World Agroforestry, Kenya

* Valentina Robiglio, World Agroforestry

* Adolfo Rosati, CNR-IBAF, Italy

e Diaminatou Sanogo, ISRA, Sénégal

e Jean-Pierre Sarthou, INP-ENSAT/INRA, France

e Sara Scherr, EcoAgriculture Partners, USA

e Josiane Seghieri, IRD, France

e Fergus Sinclair, World Agroforestry, United Kingdom
¢ Virendra Pal Singh, World Agroforestry, India

e Jo Smith, Organic Research Centre, United Kingdom
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Canada
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Guelph, Canada

¢ Niels Thevs, World Agroforestry, Kyrgyzstan
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¢ Philippe Vaast, CIRAD, Vietnam
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e Andrea Vityi, University of Sopron, Hungary

e Michael Webb, CSIRO, Australia

e Leigh Winowiecki, World Agroforestry, Kenya

e Patrick Worms, World Agroforestry, Belgique

e Jianchu Xu, World Agroforestry, China
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COMMITTEES

International Organising Committee

¢ Elisabeth Claverie de Saint Martin, CIRAD's Director
General for Research and Strategy

e Jean-Francois Soussana, INRA's Vice President for
International Policy

e Christian Dupraz, Chair of Scientific Committee,
INRA, France

e Emmanuel Torquebiau, Chair of Organizing
Committee CIRAD, France

* Ravi Prabhu, Representative from World Agroforestry
e Catharine Watson, World Agroforestry

e Simone Borelli, Representative from FAO

e Andrew Campbell, Representative from ACIAR

e Christophe Pinard, Representative from French
Ministry of Agriculture and Food

Local Organising Committee

* Emmanuel Torquebiau (chair), CIRAD, France
* Sylvain Rafflegeau (co-chair), CIRAD, France
¢ Brigitte Cabantous, CIRAD, France

e Laure Corbarieu, CIRAD, France

* Nathalie Curiallet, CIRAD, France

e Christian Dupraz, INRA, France

* Marie Gosme, INRA, France

* Sandrine Renoir, CIRAD, France

* Nathalie Villemejeanne, Agropolis International,
France
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Meet here'the people behind your congress

e Barbara Baj Wojtowicz, Farmers representative,
Polish EIP-AGRI Operational Group

e Zeno Piatti, Farmers representative, Gutsverwaltung
Stutenhof, Austria

e Patrick Worms, EURAF President

* Badege Bishaw, President of North America
Agroforestry Association (AFTA)

e Jabier Ruiz, NGO Representative, WWF European
Policy Office

e Tristan Lecomte, Private Sector Representative,
Pur Projet

e Judith Carmona, Representative from Occitanie Region

e Dennis Garrity, World Agroforestry / UN Convention
to Combat Desertification

Communication Group

* Nathalie Villemejeanne (chair), Agropolis International,
e Frédérique Causse, CIRAD

e Chantal Dorthe, INRA

¢ Jeanne Finestone, World Agroforestry

¢ Delphine Guard, CIRAD, Graphic design

e Patrick Paris, I-Site MUSE

e Sara Quinn, CGIAR System Organization

e Christine Riou, INRA

e Lynda Robertson, CGIAR System Organization

e Emmanuel Torquebiau, CIRAD

From left to right: Nathalie Villemejeanne, Sylvain Rafflegeau, Brigitte Cabantous, Laure Corbarieu,
Nathalie Curiallet, Emmanuel Torquebiau, Sandrine Renoir, Christian Dupraz, Marie Gosme
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ORGANISERS

y ® = CIRAD
Centre de coopération internationale en recherche
agronomique pour le développement
https://www.cirad.fr

42 rue Scheffer
75016 Paris - France

Avenue Agropolis
34398 Montpellier Cedex 5 - France

== = INRA
='§f Institut National de la Recherche Agronomique
—a— http://institut.inra.fr
C— 147 rue de I'Université
SCIENCE & IMPACT 75007 Paris - France

2 place Pierre Viala
34000 Montpellier - France

= World Agroforestry
https://www.worldagroforestry.org

y United Nations Avenue
405 Nairobi 00100 - Kenya

World
Agroforestry

: = Agropolis International
AG OLIS https://www.agropolis.fr

1000 Avenue Agropolis
INTERNATIONAL 34394 Montpellier Cedex 5 - France

= MUSE
Montpellier Université d'excellence
https://muse.edu.umontpellier.fr
163 rue Auguste Broussonnet
34090 Montpellier - France

4* World Congress on Agroforestry 20-22 May 2019 Book of Abstracts Xl
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Agroforestry 2019

Overall programme

Sunday 19 May

Monday 20 May

PRE-CONGRESS EVENTS

PLENARY SESSIONS

10:00 Corum Conference Centre
AM | Jevel 3 (Esplanade) & level 2

PM Conferences & various
events on Agroforestry

for the general public
(in French)

'Des arbres dans
nos assiettes’

Coffee break (level 0, 1, 2)

Lunch (level 3)

PLENARY SESSIONS

: Opening of Posters exhibition &
PM | European Agroforestry Tour (level 0, 1, 2)

: Welcome drink 6:30 .
X . ; Side-events
PM at the Botanical Garden PM
4* World Congress on Agroforestry 20-22 May 2019 Book of Abstracts XV
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Agroforestry 2019

Overall programme

Tuesday 21 May Wednesday 22 May | Thursday 23 &
© | 11 PARALLEL SESSIONS | © | 11 PARALLEL SESSIONS | Friday 24 May
8:00 | Welcome desk opening | 8:00 | Welcome desk opening | Thursday 23 May

) Hall (level 0) i Hall (level 0)
8:30 8:30 - :
M | L10.1- AFinpractice | am | L1.2 - Mitigating CC S o) A
L2.1 - Adaptation to CC L2.2 - Adaptation to CC Departure for
L4.1 - Biodiversity L13.2 - Adoption 1-day and 2-day
L13.1 - Adoption L17.2 - Perennial Crops AF Field trips
L3 - Land Degradation L19 - Silvopastoralism 9:00 PM
L12.1 - Economics of AF L21 - AF Germplasm Centr.e Rabelais
L18 - Annual crops AF L9 - Value chains _ o
L22 - Pests & diseases L24 - Modelling Film projection and
L25 - Open session L20 - Agroecology round tal?cle on
L15 - Urban AF L23 - Root issues cocoa agr? or”estry
L14 - AF landscapes L7 - Jobs & business (open to all)
10:00 | POSTERS SESSIONS & |10:00 | POSTERS SESSIONS & Friday 24 May
AM | Coffee break (level 0, 1, 2) | AM | Coffee break (level 0, 1, 2) . .
2-day Field trips
11:00 | Parallel sessions 11:00 | Parallel sessions (continued)
AM | (continued) AM | (continued)
12:15 Lunch (level 3) 12:15 Lunch (level 3) 9:00PM
Centre Rabelais
€ | 11 PARALLEL SESSIONS | &) | PLENARY SESSIONS Make our planet
] . . ] treed again!
2P'l%/|5 L10.2 - AF in practice 2P'(l3/|0 P5- Agroforestry and Agroforestry films
L1.1 - Mitigating CC Sustainable and debate
L4.2 - Biodiversity Development Goals (open to all)
L17.1 - Perennial Crops AF (Plenary talks)
L12.2 - Economics of AF Berlioz auditor. (level 0)
L11 - Public policies PARALLEL SESSIONS
L5 - Water 3:30 Coffee break L1.1-12.1-L20
L16 _ AF mGpplng PM (,eve, OI 1, 2) LZE;nstLe;n Glilsdltor. (’eVe' 0)
L6 - Social i Room Anti
LS - Sgg:;;ﬁ;es 4:00 | P6 - A road map for L 4R1° (_)T4A;t_'g:: e 1 level2)
PM agrqforestry (Plenary talks) | m f-?oom Antigone 3 (level 2)
3:30 | POSTERS SESSIONS & Berlioz auditor. (level 0) | 113.1-117.1-124
PM M Room Barthez (level 2)
Coffee break (level 0, 1, 2) 5:30 | Tribute to PK Nair L1 e Lae
4:30 | e Parallel sessions 6:00 Congress wrap-up + B Room Joffre 4 (level 1)
PM 1 (continued) Poster prizes B o e e
6:00 _ _ 6:15 | Award Ceremony: L12.1-112.2-L19
PM |nclud|ng L26 PM Agropolis Fondation B Room Joffre A (level 1)

‘The European Agro- Louis Malassis + L11-118-L23

forestry Innovation OLAM prizes B Room Joffre B (level 1)

AFINET network’ L6-122-117.2

Room Joffre 4 6:45 Free time for dinner B Room Joffre C (level 1)

PM (not included) L7-1L15-L16
- - M Room Joffre D (level 1)
7:00 Congress evening 8:45 Cultural evening L1.2-110.1-110.2
PM reception (optional) PM | Pasteur auditor. (level 1) | B Room Rondelet (level 2)
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World
Agroforestry

40 Years

of Transforming
Lives and Landscapes

with Trees

World Agroforestry (ICRAF) is a centre of science and development excellence that harmnesses the benefits of trees for people and the
environment, Leveraging the world’s largest repository of agroforestry science and information, we develop knowledge practices, from
farmers'fields to the global sphere, to ensure food security and environmental sustainability.




Agroforestry 2019 Programme on Sunday 19 May & Monday 20 May - Morning

Sunday 19 May

3:00 PMto Congress check-in (Berlioz hall, level 0) & Poster installation (levels 0, 1 & 2)
6:00 PM & Side-events

Welcome drink Botanical Garden

Monday 20 May

8:00 AM  Welcome desk opening Berlioz hall, level 0
Berlioz auditorium, level 0
9:00 AM  Opening Plenary
Chaired by Karen Coleman
Plenary talks
e Philippe Saurel - Mayor of Montpellier and President of Montpellier Mediterranée
Métropole
e Vincent Labarthe - Vice-president in charge of Agriculture of the Occitanie Region,
France
e Philippe Augé - President of University of Montpellier
* Michel Eddi - President Managing Director, CIRAD
e Philippe Mauguin - President Managing Director, INRA
* Maria-Helena Semedo - Deputy Director General, FAO
e Rosalie Matondo - Minister of Forest Economics, Republic of the Congo
e H.E Dr. Eyasu Abraha Alle - State Minister of Agriculture and Natural Resource of Ethiopia
e Didier Guillaume - Minister for Agriculture and Food, France
e Christian Dupraz - INRA, Chair, 4" World Agroforestry Congress Scientific Committee
e Virendra Pal Singh - Chair, Third World Agroforestry Congress (2014), New-Delhi, India
10:30 AM Coffee break Levels 0,1 & 2
Berlioz auditorium, level 0
11:.00 AM  Plenary session 2 - Agroforestry and climate change
Moderated by Karen Coleman and chaired by John Vidal
Short talks + round table
* Cheikh Mbow - Executive Director of START-International
* Seydou Kaboré - Manager of the Guié Agroforestry farm, Burkina Faso
e Margaret Muchanga - Farmer, Kenya
* Chad Frischmann - Vice President & Research Director, Drawdown
e Sarah Magida Toumi - Tunisian Entrepreneur, Desertification and Tree planting
12:30 AM Lunch Level 3
4™ World Congress on Agroforestry 20-22 May 2019 Book of Abstracts XVl
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agropolis fondation

Supporting agricultural research
for sustainable development

Agropolis Fondation aims to support, through research and higher
education, the development and exchange of knowledge benefiting
stakeholders in agriculture and sustainable development.

Our overall mission is expressed into three objectives:

1. Supporting excellence and scientific dynamics by promoting
integration and interdisciplinary approaches;

2. Promoting scientific cooperation and partnerships involving its
scientific network and relevant stakeholders;

3. Facilitating collaboration with socio-economic actors through
action research, co-innovation, knowledge transfer.

Our charter members are INRA, CIRAD, Montpellier SupAgro, IRD
and University of Montpellier.

Contact us :
fondation@agropolis.fr

Agriculture is at the centre of social, economic and environmental
issues of the 2Ist century. InVivo Foundation is working to meet
these challenges via 3 ambitions:

SOURCE THE FUTURE \'\
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Help improve farmers’

/A ’ ® livelihoods _
// e Take care of natural

il -2 resources
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—r Catalyse new
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PARTNERSHIP PROJECTS?
CONTACT US:
InvivoFoundation@invivo-group.com

iNViVO'FOUNDATION

SQURCE THE FUTURE




Agroforestry 2019 Programme on Monday 20 May - Afternoon

Monday 20 May

2:00 PM

4:30 PM

Berlioz auditorium, level 0

Plenary Session 3 - Agroforestry, Food security and Nutrition

Moderated by Karen Coleman and chaired by Patrick Worms

Plenary talks

 H.E Dr. Eyasu Abraha Alle - State Minister of Agriculture and Natural Resource
of Ethiopia

e Saul Morris - Director of Programme Services, Global Alliance for Improved
Nutrition (GAIN)

e Andrew Campbell - Chief Executive Officer, Australian Centre for International
Agricultural Research

e Catherine Muthuri - World Agroforestry

e Kami Melvani - Charles Darwin University

e Rowan Reid - Farmer, Author of 'Heartwood: the art and science of growing trees
for profit’

e Gary S. May - Chancellor, University of California Davis

e Patrick Caron - Chairperson, High Level Panel of Experts of the UN Committee on
world Food Security, Vice President, University of Montpellier

Berlioz auditorium, level 0

Plenary Session 4 - Agroforestry funding and the private sector
Moderated by Karen Coleman and chaired by Erik Hoffner

Short talks + round table

 Hervé Bourguignon - Moringa Fund

e Tony Simons - Director General, World Agroforestry

* Rachel Kolbe Semhoun - Strategic Plan Manager, Fondation INVIVO

e Jean-Manuel Bluet - Vice-chair of Alliance pour la Préservation des Foréts,
Director of Sustainable Development at Nestlé France

e Tristan Lecomte - PurProjet

6:00 PMto Opening of Poster Exhibition Levels 0,1 &2

7:00 PM

& European Agroforestry Tour by EURAF

6:30 PM
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Agroforestry 2019 Programme on Tuesday 21 May - Morning

Tuesday 21 May

8:30 AM

8:30 AM

8:30 AM

Welcome desk opening Berlioz hall, level 0

PARALLEL SESSIONS

Room Rondelet (level 2)

L10.1 - Agroforestry in practice

Chairs: Hesti Tata & Raju Soolanayakanahally

Keynote talk

e LEGESSE KURA Abiyot - Dilla, Ethiopia: Changes and continuities of Indigenous Agroforestry
Knowledge of the Gedeo people, Southern Ethiopia

Regular talks

e SOUSA Fernando - Sikasso, Mali: Effects of Gliricidia sepium agroforestry systems associated
with maize, cotton and sorghum on soil productivity in Mali

¢ PARIS Pierluigi - Porano, Italy: Hybrid poplars for timber with arable crops in Italy: innovating
the tradition facing Global Changes

* GODARD Léo - Cananéia, Brazil: Transition to agroforestry in a large-scale project, challenges
and results, example of the Sdo Pedro Farm in Brazil

e SURENDRA Sharma - Dehradun, India: Benefits of practicing agroforestry - a case study from
India

L2.1 - Agroforestry and adaptation to climate change
Chairs: Marie Gosme & Adolfo Rosati

* MOREL Alexandra - London, United Kingdom: A framework for resilience to climate shocks in
agroforestry systems

 KINDT Roeland - Nairobi, Kenya: Towards a climate change atlas for Africa: results of ensemble
suitability modelling for 150+ native tree species

¢ GOSME Marie - Montpellier, France: Diachronic study of the effect of growing trees on grape-
vine yield: 24 years of experience in the South of France

e ASHEBER Merry Negasi - Mekelle City, Ethiopia: Gender based impacts of climate change
and adaptation strategies

* GNONLONFOUN Isidore - Cotonou, Benin: Farmers' perception of vulnerability and resilience
of agroforestry systems to climate change in Benin, West Africa

Room Antigone 3 (level 2)

L4.1 - Agroforestry and biodiversity conservation

Chairs: Alejandra Martinez-Salinas & Olivier Deheuvels

Keynote talk

* ROUSSEAU Guillaume - Sdo Luis, Brazil: Tree and litter composition influences soil macrofauna
in multi-strata agroforestry systems of Talamanca, Costa Rica

Regular talks

* ACHARYA Bhoj K. - Gangtok, India: Alpha and beta diversity patterns of butterflies along forest-
agroecosystem gradient in Sikkim Himalaya, India

* BOINQT Sébastien - Montpellier, France: Plant diversity in understory vegetation strips of alley
cropping agroforestry systems

e GUILLERME Sylvie - Toulouse, France: Agroforestry and beekeeper-agriculturist relations in
arable land (France)

e DEHEUVELS Olivier - Cajica, Colombia: Plant diversity level does not affect cocoa productivity:
The case of Colombian agroforestry systems
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Agroforestry 2019 Programme on Tuesday 21 May - Morning

8:30 AM Room Barthez (level 2)

L13.1 - Socio-economic and cultural constraints on technology adoption in

agroforestry systems

Chair: George Curry

Keynote talk

* CURRY George - Perth, Australia: Breaking open the black box: the socioeconomic factors
explaining adoption or rejection of innovations in agroforestry

Regular talks

« PROANO Rossana - Quito, Ecuador: Integrated farm planning and its potential to motivate
the adoption of agroforestry practices in Ecuador

e DHAKAL Arun - Kathmandu, Nepal: Examining the likelihood of agroforestry adoption with
respect to conventional agriculture in Dhanusha district of Nepal

* BROCKINGTON James - Bangor, United Kingdom: The importance of farmers' attitudes for
the adoption of agroforestry: a case study in India

e JACOBSON Michael - University Park, United States: The (un)broken promise of agroforestry:
case study of adoption of improved fallows in Zambia

8:30 AM

L3 - Agroforestry for combating land degradation and desertification in dry areas
Chairs: Alain Olivier & Paxie Chirwa

¢ APPLEGATE Grahame - Maroochydore, Australia: Investment in agroforestry systems as an
integral component of tropical peatland restoration

¢ NYIRENDA Harrington - Salima, Malawi: Land use and management effects on vegetation
characteristics and termite distribution in Malawian Miombo ecosystems

¢ KHAN Sahibzada Irfanullah - Islamabad, Pakistan: Agroforestry in Dryland: Supporting Farmer
Initiatives for Rehabilitation of Degraded Arable Lands

e CELENTANO Danielle - Sao Luis, Brazil: Agroforestry Systems for land restoration and food
security in eastern Amazon

8:30 AM Room Joffre A (level 1)

L12.1 - Economics of agroforestry: the link between nature and society

Chairs: Michael Jacobson & Nathalie Cialdella

Keynote talk

e GOSLING Elizabeth - Freising, Germany: Robust land-use modelling informed by farmer
knowledge — assessing the socio-economic potential of agroforestry systems

Regular talks

¢ PENQT Eric - Montpellier, France: Beyond economic advantages of agroforestry systems:
what role and place of externalities in farmers’ strategies?

* GASSNER Anja - Laguna, Philippines: Rethinking agroforestry - Shifting the income incentives
from the agricultural component to the tree component

¢ PENQT Eric - Montpellier, France: A holistic approach to analyze agroforestry heterogeneity at
the cropping system and landscape scales in Madagascar

¢ FEINTRENIE Lauréne - Turrialba, Costa Rica: Forest or agroforestry systems, farmers value
trees for ecosystem services provision in Nicaragua

4t World Congress on Agroforestry 20-22 May 2019 Book of Abstracts XXl
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Agroforestry 2019 Programme on Tuesday 21 May - Morning

8:30 AM

8:30 AM

8:30 AM

Room Joffre B (level 1)

L18 - Cereals and annual crops in agroforestry
Chairs: Shibu Jose, Delphine Méziére & Andrea Vityi

Keynote talk

¢ PARDON Paul - Merelbeke, Belgium: Silvoarable agroforestry systems in temperate regions:
impact of tree rows on crops, soil and biodiversity

Regular talks

e GILL Rishi - Ludhiana, India: Interventions to improve productivity and sustainability of poplar-
based agroforestry system in Indo Gangetic plains

¢ ARENAS-CORRALIZA M. Guadalupe - Plasencia, Spain: Shade improves physiological perfor-
mance and grain yield in barley cultivars in central Spain

¢ PANOZZO Anna - Legnaro (PD), Italy: Durum wheat in an olive orchard: impact on yield, yield
components and morphology of different durum wheat cultivars

¢ MARTINEZ-GARCIA Jaume - Bellaterra, Spain: How to deal with too close neighbors: from
model systems to crops

Room Joffre C (level 1)

L22 - Agroforestry: pests, diseases and weeds

Chairs: Jacques Avelino & Rolando Cerda

Keynote talk

¢ SOW Ahmadou - Montpellier, France: Vertebrates contribute to natural control of the millet
head miner in tree-crop agroforestry systems

Regular talks

* DURAND-BESSART Clémentine - Montpellier, France: Analysis of the interactions of shade
trees on coffee leaf diseases and coffee yield in complex agroforestry systems

* MOTISI Natacha - Montpellier, France: Antagonistic effects of shade on the epidemiological
mechanisms driving coffee berry disease

¢ IMBERT Camille - Avignon, France: Pests, but not predators, increase in mixed apple tree -
cabbage plots as compared to control cabbage plots

¢ MERLE Isabelle - Montpellier, France: Estimating microclimate in agroforestry systems based
on nearby full sun measures to forecast coffee rust development

Room Joffre 4 (level 1)

L25 - Open session
Chairs: Virendra Pal Singh & Patrick Jagoret

Keynote talk

e DUPRAZ Christian - Montpellier, France: From Agroforestry to Agrivoltaism : an extension of
the mixture concept

Regular talks

¢ ASMARA Degi Harja - Quebec City, Canada: Agroforestry on post-mining restoration: a
multispecies and multifunctional approach

¢ LANDICHO Leila - College, Philippines: Agroforestry and Food Security of Households in
Selected Upland Farming Communities in the Philippines

* DOUNIAS Edmond - Montpellier, France: Eliciting Children’s culture: Sustainable hunting in
backyard agroforests by budding trappers in the Congo Basin

e MELVANI Kamal - Darwin, Australia: Farmers’ values sustain forest gardens

4t World Congress on Agroforestry 20-22 May 2019 Book of Abstracts XXIV
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Agroforestry 2019 Programme on Tuesday 21 May - Morning

8:30 AM

8:30 AM

11:00 AM

Room Joffre D (level 1)

L15 - Urban and peri-urban agroforestry for food and nutritional security
Chairs: Mohan B Kumar, Simone Borelli & Hubert de Foresta
Keynote talk

* MOLLEE Eefke - Bangor, United Kingdom: Linking urban homegarden agroforestry and child
nutrition: A case study from Kampala, Uganda

Regular talks

e SCHULZ Jennifer - Potsdam, Germany: Food forests as complex agroforestry systems for
creating multifunctional urban green spaces through community gardening

¢ LA MANTIA Tommaso - Palermo, Italy: The ancient urban agroforestry systems of the Conca
d'Oro (Palermo, Italy) need protection to defend the city

* RIMLINGER Aurore - Montpellier, France: Genetic diversity of a tropical fruit tree (Dacryodes
edulis), from Yaoundé home gardens to Cameroonian agroforests

e MCMULLIN Stepha - Nairobi, Kenya: Filling food harvest and nutrient ‘gaps’ in local diets
through site specific food tree and crop portfolios

Room Joffre 5 (level 1)

L14 - Agroforestry landscapes
Benefits of Landscape Strategies for Agroforestry

Chairs: Tobias Plieninger & Louise Buck
Keynote talk

¢ BUCK Louise - Ithaca, United States: Scaling-up agroforestry to transform landscapes, with
examples from Ecuador and Northeast USA

Regular talks

¢ ZINNGREBE Yves - Gottingen, Germany: Trees on Farms as a negotiation tool to bridge food
production and conservation goals

e KAY Sonja - Zurich, Switzerland: Benefits of temperate agroforestry landscapes - economic
evaluation of the marketable and the non-marketable outcomes

e ORDONEZ Maria - Bogota, Colombia: Agroforestry for Conservation: planning sustainable
landscapes in the Colombian Amazon

* BORIES Olivier - Toulouse, France: Filming agroforestry: producers shaping landscapes

PARALLEL SESSIONS (continued)

Room Rondelet (level 2)

L10.1 - Agroforestry in practice
Chairs: Hesti Tata & Raju Soolanayakanahally
Regular talks

* PRAMESWARI Diana - Bogor, Indonesia: Sustaining economic and ecological contribution to
local community through participatory agroforestry practice

« IVEZIC Vladimir - Osijek, Croatia: Walnut and crop yields in walnut orchards intercropped with
wheat

¢ DO Hung - Hanoi, Vietnam: Assessment of the economic and environmental benefits of on-farm
agroforestry practice in Northwest Vietnam

* DURAND Lucie - Paris, France: Activity analysis of coffee growers in complex agroforestry
systems, understanding the farmers’ practices

* DUGUMA Lalisa - Nairobi, Kenya: Changing the discourse from ‘tree planting’ to ‘tree growing’
to achieve restoration targets through agroforestry

4* World Congress on Agroforestry 20-22 May 2019 Book of Abstracts XXV
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Agroforestry 2019 Programme on Tuesday 21 May - Morning

11:00 AM

11:00 AM

11:00 AM

11:00 AM

L2.1 - Agroforestry and adaptation to climate change
Chairs: Marie Gosme & Adolfo Rosati

« CORDOVA Ral - Quito, Ecuador: Sustainability and vulnerability to climate change of small-
holding agroforestry systems in tropical highlands, Ecuador

e GEORGE Anjaly - Thrissur, India: Impact of past climate change and socio-economic drivers
on different crops in agroforestry systems of Wayanad, India

* BORDEN Kira - Toronto, Canada: Shade trees affect soil resource acquisition strategies of
cocoa in suboptimal climates

* GIDEY BEZABEH Tesfay - Adigrat, Ethiopia: Using Yield-SAFE model to assess impacts of cli-
mate change on yield of Coffee under agroforestry and monoculture systems

e SESERMAN Diana-Maria - Cottbus, Germany: Growth vulnerability of hybrid-poplar and black
locust to prospective climatic changes

Room Antigone 3 (level 2)

L4.1 - Agroforestry and biodiversity conservation
Chairs: Alejandra Martinez-Salinas & Olivier Deheuvels
Regular talks

* KISS-SZIGETI Néra - Sopron, Hungary: Ecological role of grassy and forest habitats in soil-
related biodiversity in an intensive agricultural area

¢ YUNG Loic - Montbéliard, France: Taxonomic and functional diversity of insects within a nettle-
poplar plantation on a sediment landfill

e ANDRIEU Emilie - Castanet Tolosan, France: How trees in agricultural landscapes structure
pollinator communities ?

* RACHMAWATI Rina - Malang, Indonesia: The effect of land use types on insect diversity and
composition in tropical agroforestry system

¢ SALAKO Kolawolé Valére - Cotonou, Benin: Homegardens in Benin: countrywide flora and
contribution to conservation of threatened species and crop wild relatives

Room Barthez (level 2)

L13.1 - Socio-economic and cultural constraints on technology adoption in
agroforestry systems

Chairs: Chair: George Curry

Regular talks

¢ NUNOO Isaac - Kumasi, Ghana: Factors influencing the adaption of agroforestry systems in
mitigating climate change in Ghana: Case of Bongo District

e LABANT Pierre - Les Quatre Routes du Lot, France: Agroforestry at the crossroads of fields

¢ |SRAELY Liron - Hararit, Israel: Social marketing of agricultural practices supporting biodiver-
sity conservation

* DUFFY Colm - Galway, Ireland: Agroforestry Extension and Gender Impacts on Self Rated Knowledge

* UMEMURA Helio Makoto - Fuchu, Japan: How can we accelerate shade tree planting on
West African cocoa family farms for mitigating the rapid climate change?

L3 - Agroforestry for combating land degradation and desertification in dry areas
Chairs: Alain Olivier & Paxie Chirwa

* BAYALA Roger - Thies, Senegal: Association with Guiera senegalensis speeds up crop develop-
ment in a Sahelian agroforestry system

e SHEPHERD Keith - Nairobi, Kenya: Measuring changes in soil health under agroforestry .../...

4t World Congress on Agroforestry 20-22 May 2019 Book of Abstracts XXVI
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Agroforestry 2019 Programme on Tuesday 21 May - Morning

 MIHAILA Elena - Voluntari, Romania: Shelterbelts for crop protection as the main type of agro-
forestry system in Romania

* BA Ousseynou - Dakar, Senegal: Valorisation of salty soils by using phosphogypsum and peanut
shell on growth of 3 forest trees under salt conditions

» SAKAI'Yuji - Hachioji-shi, Japan: Afforestation and agricultural production through salt-affected
soil amelioration with coal bio-briquette ash in China

11:00 AM Room Joffre A (level 1)

L12.1 - Economics of agroforestry: the link between nature and society
Chairs: Michael Jacobson & Nathalie Cialdella
Regular talks

* FAYE MANE Ndeye Fatou - Dakar, Senegal: Planting trees to increase food security? The case
study of the groundnut basin of Senegal

* MAKOVSKIS Kristaps - Salaspis, Latvia: Different tree specie and management system econo-
mics as buffer zones in Baltic climate conditions

¢ SMITH Joanne - Newbury, United Kingdom: Making hedgerows pay their way: the economics
of harvesting hedges for bioenergy

* PADOVAN Maria Penha - Vitoria, Brazil: Dealing with financial constraints in a complex agro-
forestry system in the Brazilian rainforest

e PARROT Laurent - Montpellier, France: The Alliance Approach to Innovation in agro-forestry:
Agro-ecological innovations, Alliance, and Agency

11:00 AM Room Joffre B (level 1)

L18 - Cereals and annual crops in agroforestry
Chairs: Shibu Jose, Delphine Méziére & Andrea Vityi
Regular talks

¢ FALL Dioumacor - Bambey, Senegal: Importance and trees management of Senegalia senegal
on soil fertility and yield of associated crops in northern Senegal

e PONTES Laise - Ponta Grossa, Brazil: Corn yield in different integrated crop-livestock systems:
the effect of shade

* BERAL Camille - Anduze, France: Agroforestry impacts tomatoes production in a vegetable
organic alley cropping temperate system

¢ HODGE Kim - Regina, Canada: Measuring impact of shelterbelts on canola yield in the Cana-
dian Prairies

e TEMANI Fida - Montpellier, France: Effect of water gradient on the intensity of competition
and productivity of annual crops intercropped with olive trees

11:00 AM Room Joffre C (level 1)

L22 - Agroforestry: pests, diseases and weeds
Chairs: Jacques Avelino & Rolando Cerda
Regular talks

* CERDA Rolando - Turrialba, Costa Rica: Coffee agroforestry systems that reduce crop losses
due to pests and diseases, while providing ecosystem services

e AVELINO Jacques - Turrialba, Costa Rica: Shade effects on coffee rust (Hemileia vastatrix)

e SCHNEIDER Monika - Frick, Switzerland: Do cacao agroforestry systems increase pest and
disease incidence? Evidences from a long-term system comparison trial

* ALWORA Getrude - Ruiru, Kenya: Shade and leaf retention: an aspect of effective Coffee Leaf
Rust management

* AKOUTOU MVONDO Etienne - Yaoundé, Cameroon: Effects of complex cocoa-based agro-
forests on Citrus trees dieback

4t World Congress on Agroforestry 20-22 May 2019 Book of Abstracts XXVII
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11:00 AM

11:00 AM

11:00 AM

12:15 AM

Room Joffre 4 (level 1)

L25 - Open session

Chairs: Virendra Pal Singh & Patrick Jagoret

Regular talks

* TSHIDZUMBA Phillip - Pretoria, South Africa: The potential of introducing multipurpose trees
in the rural landscapes of KwaZulu-Natal, South Africa

e KAFOUTCHONI Konoutan - Cotonou, Benin: Species Richness, Cultural Importance and Priori-
tization of Wild Spices for Conservation in Benin (West Africa)

¢ WARLOP Francois - St-Marcel-Les-Valence, France: DEXIAF: a new ex-ante assessment tool
for co-designing sustainable agroforestry systems

e OLLIVIER Guillaume - Avignon, France: Mapping the structuration of topical communities in
Agroforestry research. A scientometric overview

e GUILLET Philippe - Le Mans, France: Why farmers are not adopting agroforestry systems? To
a hazy future of our trees...

Room Joffre D (level 1)

L15 - Urban and peri-urban agroforestry for food and nutritional security

Chairs: Mohan B Kumar, Simone Borelli & Hubert de Foresta

Regular talks

e GONZALEZ DE LINARES Paloma - Budapest, Hungary: Planning multipurpose trees in the city

¢ LACOURT Simon - Versailles, France: Preparing Potager du Roi of Versailles for the future. A
historical kitchen garden in an urbanized setting

e LLEWELLYN Elizabeth - Cape Town, South Africa: Agroforestry and Urban Policy Development:
case studies of home gardens in the Cape Flats, South Africa

* MUJURU Lizzie - Bindura, Zimbabwe: Urban agroforestry: potential for climate change adap-
tation and mitigation

¢ LAMICHHANE Dhananjaya - Kathmandu, Nepal: Growing Agroforestry Crops in Peri-urban
Areas of New Cities : Ignored or Forgotten?

Room Joffre 5 (level 1)

L14 - Agroforestry landscapes

Sociological and Biophysical Processes in Agroforestry Landscapes

Chairs: Tobias Plieninger & Louise Buck

Regular talks

* DUMRONGROJWATTHANA Pongchai - Bangkok, Thailand: Land use change and driving factors
in a fragile coastal rainfed lowland rice - sugar palm system of southern Thailand

* AUMEERUDDY-THOMAS Yildiz - Montpellier, France: Agroforestry within broader anthropo-
genic landscapes: indigenous and local knowledge, concepts and practices

e TUBENCHLAK Fernanda - Rio de Janeiro, Brazil: (Agro)Forest Transitions: Upscaling Lands-
cape Restoration through Agroforestry

e ARCA Bachisio - Sassari, Italy: Application of wildfire simulators for the management and
protection of Mediterranean agroforestry systems

e PAUL Carola - Gottingen, Germany: Can agroforestry enhance multiple ecosystem services?
Examples from a modelling approach in three tropical landscapes

Lunch Level 3
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PARALLEL SESSIONS

2:15 PM Room Rondelet (level 2)

L10.2 - Agroforestry in practice

Chairs: Lojka Bohdan & Raju Soolanayakanahally

Keynote talk

¢ MEINHOLD Kathrin - Kleve, Germany: Agroforestry food product development: enhancing
food security and livelihoods using the baobab tree in Kilifi, Kenya

Regular talks

¢ KUYAH Shem - Nairobi, Kenya: Can agroforestry enhance ecosystem services provision
without reducing productivity?

* MUGENDI Daniel - Embu, Kenya: Long-term effects of hedgerow intercropping on maize
productivity in the central highlands of Kenya

e ASADI Farhad - Sari, Iran: Effect of spacing on the yield in intercropping of poplar and alfalfa
(case study: Alborz Research Station, Karaj, Iran)

2:15PM

L1.1 - Mitigating climate change with agroforestry
Chairs: Rémi Cardinael & Maren Oelberman

« HUBNER Rico - Freising, Germany: China’s legacy in agroforestry may help to combat climate
change: a meta-analysis of soil carbon sequestration rates

* BREWER Kelsey - Davis, United States: Impacts of sheep integration on carbon sequestration
and soil health in Northern California coastal vineyard systems

* RASOARINAIVO Angelina Rondrotsifantenana - Antananarivo, Madagascar: Does soil carbon
storage in agroforestry reach the 4 per 1000 objectives? A diachronic analysis in Madagascar

e BAZRGAR Amir Behzad - Guelph, Canada: Long-term monitoring of soil carbon sequestration
in woody and herbaceous bioenergy crop production systems in Canada

2:15 PM Room Antigone 3 (level 2)

L4.2 - Agroforestry and biodiversity conservation
Chairs: Kushalappa Cheppurida & Olivier Deheuvels
Keynote talk

e KULKARNI Charuta - Milton Keynes, United Kingdom: EARNEST: Examining the agroforestry
landscape resilience in India to inform socioecological sustainability in the tropics

Regular talks

e SAMBOU Antoine - Ziguinchor, Senegal: Farmers' contributions to the conservation of tree
diversity in the Groundnut Basin, Senegal

¢ SIMAMORA Trifosa lin - Bogor Barat, Indonesia: Biodiversity conservation value of swidden
agroforestry systems vs. RSPO oil palm in West Kalimantan, Indonesia

e MILZ Joachim - La Paz, Bolivia: Dynamic agroforestry, a systemic approach of farming in the
tropics improving biodiversity, soil fertility and yields

2:15 PM Room Barthez (level 2)

L17.1 - Challenges, opportunities and trade-offs of agroforestry with perennial crops
Chairs: Philippe Vaast & Eduardo Somarriba
Keynote talk

* ASARE Rebecca - Accra, Ghana: The research and policy pathway to climate-smart cocoa and
REDD+ in Ghana ]
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2:15PM

2:15PM

2:15PM

Regular talks

e GARCIA Claude - Zurich, Switzerland: Understanding coffee farmers: using games to explore
future coffee agroforestry landscapes in the Western Ghats (India)

e KRISHNAN Smitha - Bangalore, India: Ecological and agricultural intensification and the
associated trade-offs on coffee pollination and fruit-set

¢ JAGORET Patrick - Montpellier, France: Agroforestry: Lifeline of world cocoa production.
Utopia or credible alternative?

Room Joffre A (level 1)

L12.2 - Economics of agroforestry: the link between nature and society

Chairs: Eric Penot & Nathalie Cialdella

Keynote talk

e MELVANI Kamal - Darwin, Australia: Forest gardens increase the financial viability of farming
enterprises

Regular talks

e ESTEGHAMAT Mina - Tehran, Iran: Traditional agroforestry as a sustainable customary land
use system in the protected and conserved areas of Iran

* KUMAR Sanjeev - Hazaribagh, India: Agroforestry as a source of enhancement of livelihood
options in rural areas of Jharkhand state of India

e DIAZ Javier - La Lima, Honduras: Honduran farmers’ perception of cacao agroforestry systems

Room Joffre B (level 1)

L11 - Agroforestry in public policies

Chairs: Paul Burgess & Valentina Robiglio

Keynote talk

e SCHULTZ Maria - Stockholm, Sweden: Agroforestry: Linking Local Action, National Policies
and Global Frameworks

Regular talks

* MONTES LONDONO lIrene - Panama, Panama: How public/private investment in processing
facilities could increase biodiversity in large agroforest. systems in LATAM

* MAGNIN Léo - Lyon, France: How to protect French hedges? The power of the local agrofo-
restry associations

e LIMA RESQUE Antonio Gabriel - Belem, Brazil: Institutional markets as a driver public policy
for the adoption of agroforestry systems in the Brazilian Amazon

Room Joffre 5 (level 1)

LS - Agroforestry for water quality and watershed restoration
Chairs: Norbert Lamersdorf & Naresh Thevathasan
Keynote talk

e UDAWATTA Ranjith - Columbia, United States: A Paired Watershed Evaluation of Agroforestry
and Bioenergy Effects on Water Quality on a Corn/Soybean Rotation

Regular talks
e BARDULE Arta - Salaspils, Latvia: Mitigation of macronutrient leaching by agroforestry system
of hybrid aspen and perennial grasses

e BASKERVILLE Meg - Elora, Canada: Land-use comparison of temporal greenhouse gas emis-
sions of riparian systems in Southern Ontario, Canada

e DUNFIELD Kari - Guelph, Canada: Shifts in N- cycling microbial communities associated with
riparian buffers in Southern Ontario agricultural systems

4* World Congress on Agroforestry 20-22 May 2019 Book of Abstracts XXX
Strengthening links between science, society and policy Le Corum, Montpellier, France



Agroforestry 2019 Programme on Tuesday 21 May - Afternoon

2:15PM

2:15PM

2:15PM

Room Joffre D (level 1)

L16 - Agroforestry mapping
Chair: Anthony Kimaro
Keynote talk

* SARRON Julien - Montpellier, France: Plant diversity and productivity in Senegalese mango
orchards: evidences from UAV photogrammetry

Regular talks

e MENEGUZZO Dacia - Saint Paul, United States: Agroforestry map products for the central
United States

¢ RIZVI Raza - Jhansi, India: Spatial analysis of area and carbon stock in Populus deltoides
based agroforestry systems in Punjab state, India

* NDAO Babacar - Dakar, Senegal: A remote sensing based approach for optimizing sampling
strategies in tree monitoring and agroforestry systems mapping

Room Joffre C (level 1)

L6 - Social issues in Agroforestry systems (gender, migration)

Chairs: Lauréne Feintrenie & Delia Catacutan

Keynote talk

* SAWANT Yogesh - Pune, India: Wadi: a agroforestry model for transforming lives and livelihoods
Regular talks

e SMITH DUMONT Emilie - Nairobi, Kenya: Gender relations at the forest-farm interface in West
Africa: prospects for transformative processes in agroforestry

e KEITA Saran - Conakry, Guinea: ‘Silakouda’ or how rural women'’s entrepreneurship preserves
and values a local agroforestry resource in Upper Guinea

¢ VAN NOORDWIJK Meine - Bogor, Indonesia: Migration, gender and agroforestry in Indonesia

L8 - Scaling up of agroforestry innovations
Chairs: Kiros Hadgu & Josiane Seghieri

¢ BARTLETT Tony - Deakin, Australia: Achieving transformational impact from agroforestry
research

¢ FERREIRA Joice - Belem, Brazil: Potential for managing natural regeneration by family farmers
in the Amazon: making the most of biodiversity

* ARAIA Woldeamlak - Keren, Eritrea: Agroforestry systems and research in Eritrea: Review of
concepts, practices and research findings

e CROSSLAND Mary - Bangor, United Kingdom: Developing livelihood trajectory models for
screening and scaling agroforestry options

PARALLEL SESSIONS (continued)

Room Rondelet (level 2)

L10.2 - Agroforestry in practice
Chairs: Lojka Bohdan & Raju Soolanayakanahally
Regular talks

e Ll Joanne - Hong Kong SAR, China: Rubber-Based Agroforestry System in South China:
Gaining Ground with Farmers .
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4:30 PM to
6:00 PM

4:30 PM to
6:00 PM

4:30 PM to
6:00 PM

¢ ARI Susanti - Yogyakarta, Indonesia: Smallholders’ oil palm agroforestry adoption: an oppor-
tunity to improve productivity and sustainability?

¢ GUILLET Philippe - Le Mans, France: 30 years of agroforestry poultry system against climate
change in Sarthe (West of France)

 CERDAN Carlos R. - Ibagué, Colombia: Evaluation of chronological changes of trees and
coffee bushes in permanent plots within a gradient of coffee management

e AMATYA Swoyambhu Man - Kathmandu, Nepal: What Sustains Nepalese Agroforestry
Practices?

* NYAGA John - Nairobi, Kenya: Evaluating factors influencing heterogeneity in agroforestry
adoption and practices within smallholder farms in Kenya

L1.1 - Mitigating climate change with agroforestry
Chairs: Rémi Cardinael & Maren Oelberman

* NAVARRETE Diego - Bogota, Colombia: Agroforestry for conservation: mitigating climate
change in the Colombian Amazon

¢ LANG Rong - Stuttgart, Germany: Converting natural forest to rubber plantations affects soil
CO2 and CH4 fluxes

e MENICHETTI Lorenzo - Uppsala, Sweden: A nonlinear method to estimate the agroforestry
sequestration potentia

* MORENO Gerardo - Plasencia, Spain: Carbon sequestration of Iberian dehesas offsets emis-
sions of their livestock

e GUILLQOT Esther - Montpellier, France: Soil quality is improved in a Mediterranean agroforestry
system compared to a conventional cropping system

* MOSQUERA-LOSADA Maria - Lugo, Spain: Effect of the land use on the carbon storage in the
soil fractions in the South of Portugal

Room Antigone 3 (level 2)

L4.2 - Agroforestry and biodiversity conservation
Chairs: Kushalappa Cheppurida & Olivier Deheuvels
Regular talks

e THIAW lbrahima - Dakar, Senegal: Tree species effect on natural control of H. albipunctella
de Joannis in a millet agroforestry system in Senegal

* VILLANUEVA LOPEZ Gilberto - Villahermosa, Mexico: The richness of tree in agroforestry
systems favors the diversity of soil macroarthropods in the humid tropics of Mexico

* WURZ Annemarie - Goettingen, Germany: Vanilla boom in North-Eastern Madagascar:
A chance for a sustainable land-use transformation?

* SUAREZ SALAZAR Juan Carlos - Caqueta, Colombia: First typology of cacao agroforests in
the Colombian Amazon, based on composition, structure and light availabililty

e COUDEL Emilie - Brazilia, Brazil: Agroforestry as a restoration strategy: Motivations of farmers
to plant more biodiverse systems in the Eastern Amazon

¢ SARI Rika Ratna - Malang, Indonesia: Carbon stocks in agroforestry systems correlate with
tree diversity

Room Barthez (level 2)

L17.1 - Challenges, opportunities and trade-offs of agroforestry with perennial crops
Chairs: Philippe Vaast & Eduardo Somarriba
Regular talks

* BIRKENBERG Athena - Stuttgart, Germany: Accounting for biogenic carbon sequestration in
product carbon footprints: analysing trade-offs in a coffee agroforestry

* VAN DEN MEERSCHE Karel - Montpellier, France: Nitrogen fixing shade trees in coffee agro-
forestry: Quantification of nitrogen transfer to the coffee plant d.
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4:30 PM to
6:00 PM

4:30 PM to
6:00 PM

* MAI PHUONG Nguyen - Ha Noi, Vietnam: Local knowledge on the role of trees in coffee agro-
forestry systems of Northwest Vietnam

¢ RIGAL Clement - Kunming, China: Young shade trees rapidly improve soil fertility in coffee-
agroforestry systems

e CERDAN Carlos - Xalapa, Mexico: Traditional Mexican tropical smallholder agroforestry
systems: it is possible to intercrop two ancestral crops?

* HARMAND Jean-Michel - Yaounde, Cameroon: Afforestation of savannah with cocoa agro-
forestry: a climate-smart sustainable agricultural practice

Room Joffre A (level 1)

L12.2 - Economics of agroforestry: the link between nature and society
Chairs: Eric Penot & Nathalie Cialdella

Regular talks

* MASOODI Tariq Hussain - Ganderbal, India: Cultivation of willows for economic and ecologi-
cal purpose: A sustainable livelihood option in Kashmir

* NOTARO Martin - Villa Altagracia, Dominican Republic: Contribution of plant diversity to far-
mers’ income in cocoa-based agroforestry systems

¢ ASAYEHEGN Kinfe - Hawassa, Ethiopia: Role of Innovation System in Coffee Agroforestry
System to Adapt to Climate Change in Kenyan Coffee and Dairy Sectors

¢ NUBERG lan - Urrbrae, Australia: The Contribution of Agroforestry to Food Security in Nepal
Mid-hills

* BARLAGNE Carla - Aberdeen, United Kingdom: Social innovation for multifunctional culti-
vated forests in Guadeloupe: Insights from the VALAB and SIMRA projects

e LE PAGE Christophe - Montpellier, France: Fostering knowledge sharing about agroforestry
systems through gaming and simulation in Irituia (Northeast Para, Brasil)

Room Joffre B (level 1)

L11 - Agroforestry in public policies
Chairs: Paul Burgess & Valentina Robiglio
Regular talks

¢ LAROCHE Genevieve - Quebec, Canada: Policies at work : key public policy features enhancing
agroforestry spreading and adoption in Quebec, Canada

¢ BORELLI Simone - Rome, Italy: Agroforestry in REDD+ and NDCs ways to fulfill the Paris
Agreement and reduce deforestation

¢ LAWSON Gerry - Edinburgh, United Kingdom: European Agroforestry Policy - history and
future opportunities

e GARRITY Dennis - Nairobi, Kenya: Policy gaps and opportunities for scaling-up agroforestry in
Africa: lessons from the Regreening Africa project

¢ KUMAR B. Mohan - Thrissur, India: Mainstreaming India’s National Agroforestry Policy:
Challenges and Opportunities

e CATACUTAN Delia - Bogor, Indonesia: ASEAN Guidelines for Agroforestry Development in the
Food, Agriculture and Forestry Sector

Room Joffre 5 (level 1)

LS - Agroforestry for water quality and watershed restoration
Chairs: Norbert Lamersdorf & Naresh Thevathasan
Regular talks

* CAMERON Ashley - Sherbrooke, Canada: Can we design forested riparian buffer strips to
minimize soil greenhouse gas emissions as affected by earthworms?

« BOHM Christian - Cottbus, Germany: Short rotation riparian strips as an option to protect
surface water quality in Germany

* BALAGUER Fabien - Auch, France: The Agr'eau initiative - Main results and perspectives after
6 years of implementation s
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4:30 PM to
6:00 PM

4:30 PM to
6:00 PM

4:30 PM to
6:00 PM

¢ HUNDAL Harkirat - Waterloo, Canada: Quantifying aquatic carbon and nitrogen dynamics
and greenhouse gas mitigation potential of riparian agroforestry zones

* MUNSELL John - Blacksburg, United States: Agroforestry and Phosphorus Credit Trading in
the U.S.A’s Chesapeake Bay Watershed

e MATHEZ-STIEFEL Sarah-Lan - Lagos, Portugal: A review of the literature on the relationships
between trees, land use, and hydrological processes in the Andes

Room Joffre D (level 1)

L16 - Agroforestry mapping
Chair: Anthony Kimaro
Regular talks

¢ VERMA Amit Kumar - Dehradun, India: Predicting potential areas across Terai Arc Landscape
for the introduction of Poplar based Agroforestry Models d.

* LAUMONIER Yves - Montpellier, France: Fine-scale mapping and dynamics of cyclic agrofo-
restry agriculture using UAV remote sensing in Borneo

¢ BROWN Sarah - Urbana, United States: A systematic map of the impacts of agroforestry on
agricultural productivity, ecosystem services, and human well-being

¢ VAN REES Ken - Saskatoon, Canada: Shelterbelts in Canada: century-old agroforestry systems
for climate adaptation

e DESCHAMPS Jimena - Mexico, Mexico: New method to mapping coffee cover plantations in
the region of Costa de Oaxaca, Mexico

Room Joffre C (level 1)

L6 - Social issues in Agroforestry systems (gender, migration)
Chairs: Lauréne Feintrenie & Delia Catacutan
Regular talks

¢ DROY Isabelle - Bondy, France: Conflicting interests around shea-tree : gender inequalities
and degradation of shea parklands in Benin

e ASANTE Winston - Kumasi, Ghana: Gender perspectives of climate change adaptation in
smallholder cocoa systems in the techiman municipality of Ghana

* GACHUIRI Agnes - Nairobi, Kenya: Gendered knowledge on food trees for addressing food
security and nutrition in Uganda & Kenya

e CIFUENTES Jaime - Turrialba, Costa Rica: The importance of agricultural land uses in the
provision of ecosystem services. A gender perspective in Nicaragua

e ZANH Golou Gizéle - Daloa, Ivory Coast: Migration and agricultural practices in the Haut-
Sassandra Classified Forest (Midwest of Cote d'lvoire)

¢ ADHIKARI Yuvika - Lalitpur Metropolitan City, Nepal: Migration in the Nepalese hills: Prospect
for agroforestry and its gender dimensions

L8 - Scaling up of agroforestry innovations
Chairs: Kiros Hadgu & Josiane Seghieri

» SEGHIERI Josiane - Montpellier, France: Roles of Agroforestry in sustainable intensification of
small farMs and food SEcurity for Socletles in West Africa

* GRIMALDI Juliette - Montpellier, France: How can Research & Development efficiently sup-
port the French practitioners of agroforestry?

* VANHANEN Henri - Joensuu, Finland: Opportunities for agroforestry in Finland

¢ LAROCHE Genevieve - Quebec, Canada: Lessons from the ‘Agroforestry and Landscape
Laboratory’ in Rocher-Percé regional county, Quebec, Canada

e MICCOLIS Andrew - Belém, Brazil: Scaling up oil palm Agroforestry in the Brazilian Amazon:
lessons learned from the SAFDENDE Project in Tomé Acu, Pard

* FANTAYE Solomon Kiros - Addis Ababa, Ethiopia: Sustainable grazing options for enhancing
accelerated scaling ups and impacts of agroforestry innovations in Ethiopia
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KIIL YRl Room Joffre 4 (level 1)

6:00 PM |26 - The European Agroforestry Innovation AFINET network: updated news about
Agroforestry progresses in Europe
Chair: Anastasia Pantera
Speakers:
e AFINET Results: Rosa Mosquera, 10 min
e AFINET Results in Italy: Andrea Pisanelli, 5 min
e AFINET Results in Belgium Bert Reubens, 5 min
e AFINET Results in UK: lan Knight, 5 min
e AFINET Results in Portugal: Joana Amaral Paulo, 5 min
* AFINET Results in Hungary: Andrea Vityi, 5 min
o AFINET Results in Poland: Robert Borek, 5 min
e AFINET Results in France: Fabien Balaguer, 5 min
o AFINET Results in Finland: Michael der Herder, 5 min
* AFINET Results in Spain: Nuria Ferreiro and Javier Rodriguez Rigueiro, 5 min
¢ General discussion: 35 min

MV 0NX Il Congress evening reception (optional) Domaine des Grands Chais - Mauguio

© Agnes Eyhéramendy
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Agroforestry 2019 Programme on Wednesday 22 May - Morning

Wednesday 22 May

8:00 AM

8:30 AM

8:30 AM

8:30 AM

Welcome desk opening Berlioz hall, level 0

PARALLEL SESSIONS

Room Rondelet (level 2)

L1.2 - Mitigating climate change with agroforestry

Chairs: Georg Cadisch & Rosa Mosquera

Keynote talk

e SHI LINGLING - Kunming, China: Agroforestry systems: Meta-analysis of soil carbon stocks,
sequestration processes, and future potentials

Regular talks

¢ VASCONCELOS Steel - Belem, Brazil: Soil carbon stock is higher in oil palm agroforestry than
in monoculture in eastern Amazonia

* NAIR Pk - Gainesville, United States: Soil carbon storage and aggregate-size fractions under
agroforestry systems

¢ CASANOVA-LUGO Fernando - Chetumal, Mexico: Diurnal and seasonal variations on soil COz2
fluxes in tropical silvopastoral systems

* WEBB Bid - Bangor, United Kingdom: How do hedgerows influence soil organic carbon and
carbon budgets in livestock-grazed pasture?

L2.2 - Agroforestry and adaptation to climate change
Chair: Xu Jianchu

¢ BENTRUP Gary - Lincoln, United States: Assessing the role of agroforestry in adapting to
climate change in the United States

« MEYBECK Alexandre - Maccarese (Fiumicino), Italy: Agroforestry in National Adaptation
Plans: preliminary insights

* MUGICA Marta - Copenhagen, Denmark: Assessment of resilience capacity in coffee agrofo-
restry systems in Nicaragua

* REYES Francesco - Viterbo, Italy: Crop microclimate: can alleycropping alleviate climate
change effects on durum wheat?

* PANOZZO Anna - Legnaro (PD), Italy: Adaptation to climate change: the impact of olive trees
on the microclimate of the understorey durum wheat crop

Room Joffre 5 (level 1)

L13.2 - Socio-economic and cultural constraints on technology adoption
in agroforestry systems
Chairs: Michael Webb & George Curry

Keynote talk

¢ WALLACE Helen - Maroochydore DC, Australia: Transdisciplinary approaches to commercio-
lising indigenous agroforestry trees: Canarium indicum in the Pacific

Regular talks

* WICAKSONO Satrio Adi - Jakarta Selatan, Indonesia: Connecting the Dots: Understanding
Factors Influencing Smallholders’ Participation in Microcredit for Agroforestry

¢ KIUP Emma - Kainantu, Papua New Guinea: Adoption of coffee-vegetable intercropping inter-
vention by farmers in the highlands of Papua New Guinea d.
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8:30 AM

8:30 AM

8:30 AM

¢ PAGELLA Tim - Gothenburg, Sweden: Local agroecological knowledge reveals adoption
barriers and options for tree-based diversification in northern Morocco

e GELINAS Nancy - Québec, Canada: Adoption factors of agroforestry systems: a new concep-
tual framework

Room Joffre C (level 1)

L17.2 - Challenges, opportunities and trade-offs of agroforestry with perennial crops

Chairs: Eduardo Somarriba & Philippe Vaast

Keynote talk

* WARLOP Francois - Avignon, France: Fruit agroforestry as a suitable candidate for new resi-
lient food systems? A french case

Regular talks

¢ LING Qiang - Yangling, China: Agroforestry system enhances interspecific facilitation in a
rainfed jujube orchard in the semi-arid Loess plateau

¢ ZEMP Delphine Clara - Gottingen, Germany: Agroforestry with oil palm: ecological and eco-
nomic trade-offs

¢ PACHAS Nahuel - Brisbane, Australia: Agroforestry: a pathway to enhance livelihoods of
smallholders in the northern Laos

e FEURER Melanie - Zollikofen, Switzerland: Ecosystem services trade-offs from tree crop
expansion in Myanmar's forest frontier landscapes

Room Joffre A (level 1)

L19 - Silvopastoral system: promoting rural development by increasing
tree-animal-pasture relationships

Chairs: Joana Amaral Paulo & Gerardo Moreno

Keynote talk

e KERR Amber - Davis, United States: Microclimatic effects of oak trees on California range-
lands: implications for cattle heat stress in a changing climate

Regular talks

¢ SIB Ollo - Bobo-Dioulasso, Burkina Faso: First high-density protein banks, based on Morus
alba and Leucaena leucocephala, for livestock feeding in Western Africa

* FRANCA Antonello - Sassari, Italy: Improving pastures for shading conditions: adaptive
responses of legume species in a Mediterranean silvopastoral system

e ZAMORA Diomy - St. Paul, United States: Silvopasture as an approach to restoring produc-
tivity of unmanaged woodland grazing in the Upper Midwest, USA

Room Joffre 4 (level 1)

L21 - Agroforestry germplasm
Chairs: Ramni Jamnadass, Abasse Tougiani & Isaac Nyoka
Keynote talk

¢ BOFFA Jean-Marc - Nairobi, Kenya: Has the time come for the systematic improvement of the
shea tree (Vitellaria paradoxa)?

Regular talks

¢ KINDT Roeland - Nairobi, Kenya: Mapping tree species in geographical and environmental
space: a comparison of vegetation and habitat suitability maps

e ABIYU Abrham - Addis Ababa, Ethiopia: Community based tree improvement enhance produc-
tivity of farm trees and provision of better quality tree seed

e PASTOR-SOPLIN Santiago - Lima, Peru: Characterization of native cocoa populations and
their importance as quality seeds for Family Farming Systems in Peru

* DUANGSODSRI Teerarat - Montpellier, France: A global approach to decipher molecular basis
of coffee tree adaptation to shade
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LW\l Room Antigone 3 (level 2)

L9 - Value chains and certification of agroforestry systems and products
Chairs: Andrea Pisanelli & Nuria Ferreiro Dominguez

Keynote talk

¢ OKIA Clement - Kampala, Uganda: Increasing uptake of agricultural interventions:
A case of value chain innovation platforms in Uganda and Zambia

Regular talks

* INGRAM Verina - Wageningen, Netherlands: Agroforestry as a mechanism for reforestation
in Zambia: Scenarios within a REDD+ framework

* ISLAM Kazi Kamrul - Mymensingh, Bangladesh: Evolving and strengthening cooperative ap-
proach for the agroforestry farmers in Bangladesh: lesson learn from Japan

¢ WALLACE Helen - Maroochydore DC, Australia: Value-adding agroforestry crops to benefit
smallholders in the Pacific

* PENQT Eric - Montpellier, France: Local value-chain with Coffee/Cocoa agroforestry business
driven Clusters to foster social and environmental innovations

8:30 AM Room Barthez (level 2)

L24 - Biophysical modelling of interactions in agroforestry
Chairs: Jules Bayala & Joao Palma

Keynote talk

* ROSATI Adolfo - Spoleto, Italy: Do agroforestry models overestimate photosynthesis and RUE
of understory crops?

Regular talks

¢ VEZY Rémi - Montpellier, France: DynA_Cof, a model for growth, yield, carbon, water, energy
balances and ecosystem services of Coffea in agroforestry

e ELEVITCH Craig - Holualoa, United States: A System Identification Approach to Process-Based
Plant Growth Model Reduced-Order Parameter Estimation

* VAN NOORDWIJK Meine - Bogor, Indonesia: Land Equivalent Ratios for multifunctional agro-
forestry: a new version 5.0 of the WaNuLCAS model

* HUTH Neil - Toowoomba, Australia: Cutting through the complexity of biophysical models:
Seeing the forest for the trees

8:30 AM

L20 - Agroforestry and agroecology: opportunities and challenges
Chairs: Jo Smith & Leigh Winowiecki

¢ BARRIOS Edmundo - Rome, Italy: The 10 Elements of Agroecology: Guiding the transition to
sustainable food and agricultural systems

* NASSUNA Alice - Kibale, Uganda: Agro-ecological evolution through agroforestry systemsin
Uganda

e SALAZAR-DIAZ Ricardo - Cartago, Costa Rica: An agroecology approach to improve produc-
tion: Case of tropical agroforestry

¢ BEDARE Ganesh - Pune, India: Agroecological benefits realized by small farmers adopting
tree-based farming on degraded lands in Maharashtra, India

e XU Jianchu - Kunming, China: Agroforestry for a Better Mountain Futures

8:30 AM Room Joffre B (Level 1)

L23 - Root issues in agroforestry
Chairs: Alexia Stokes & Gerry Lawson

Keynote talk
¢ JOURDAN Christophe - Montpellier, France: Effect of coppice management of shrubs asso-
ciated with cereals on their root dynamics features in dry Western Africa s
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Regular talks

e TASCHEN Elisa - Montpellier, France: Do perennial alleys help to maintain arbuscular mycor-
rhizal communities in temperate agroforestry systems ?

* SHI Lingling - Gottingen, Germany: Competition and complementarity of agroforestry compo-
nents by carbon sequestration in soil: 13C labeling and tracing

* HAIRIAH Kurniatun - Malang, Indonesia: Tree roots anchor soil and reduce landslide risk: case
studies in Indonesia

e NIETHER Wiebke - Géttingen, Germany: Belowground competition and aboveground produc-
tion in cocoa (Theobroma cacao L.) monocultures and agroforestry systems

8:30 AM Room Joffre D (level 1)

L7 - Jobs, business, finance: can agroforestry make it great?
Chairs: Patrick Worms & Fergus Sinclair
Keynote talk

e CAVATASSI Romina - Rome, Italy: Does sustainable forestry, agroforestry and new business
opportunities lead to better livelihood? The DECOFQOS in Mexico

Regular talks

* GARVI Josef - Zinder, Niger: Building markets for forgotten wild Sahelian tree foods. A case
study of Sahara Sahel Foods

e FEUERBACHER Arndt - Stuttgart, Germany: No hassle with the hazelnut? The economy-wide
impacts of a large-scale contract farming scheme in Bhutan

* NUBERG lan - Glen Osmond, Australia: Pathways to agroforestry wealth in Nepal

 MUTUA Wangu - Stockholm, Sweden: Improving the livelihoods of 30,000 Kenyan farmers
through agroforestry with milk-water-carbon value creation

e PIABUO Serge Mandiefe - Yaounde, Cameroon: The State of community forest enterprises
(CFEs) as successful social enterprises: Empirical evidence from Cameroon

» STOIAN Dietmar - Montpellier, France: Not all roads lead to Rome: Inclusive business models
and responsible finance in pursuit of sustainable cocoa in Ghana

PARALLEL SESSIONS (continued)

11:00 AM Room Rondelet (level 2)

L1.2 - Mitigating climate change with agroforestry

Chairs: Georg Cadisch & Rosa Mosquera

Regular talks

e BERNOUX Martial - Rome, Italy: Revisiting IPCC Tier 1 coefficients for soil organic and bio-
mass carbon storage in agroforestry systems

e CHENU Claire - Thiverval-Grignon, France: High organic inputs explain shallow and deep SOC
storage in a long-term agroforestry system

e PECCHIONI Giovanni - Pisa, Italy: The net biome production of an alley-cropping system of
sorghum and poplar SRC compared to an open field cultivation

* PINHEIRO Felipe - Gainesville, United States: Soil Carbon Storage in Silvopasture in compa-
rison with planted and native forests and pasture in a Brazilian Oxisol

e NJINE BEMEMBA Charles Baudouin - Yaounde, Cameroon: Soil-atmosphere CO2 fluxes in
Central Africa humid tropics: comparative study among food crop and agroforest systems
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11:00 AM

11:00 AM

11:00 AM

11:00 AM

L2.2 - Agroforestry and adaptation to climate change
Chair: Xu Jianchu

e GUSLI Sikstus - Makassar, Indonesia: Soil organic matter connecting mitigation of/and adap-
tation to climate change in cocoa-based agroforestry systems

* ROUPSARD OQlivier - Dakar, Senegal: ‘Faidherbia-Flux': adapting crops to climate changes in
a semi-arid agro-sylvo-pastoral open observatory (Senegal)

e L AMICHHANE Dhananjaya - Kathmandu, Nepal: Building climate resilient communities through
package-based integrated agroforestry practices

* ALEXANDER Stephen - Copenhagen, Denmark: Implementation of the Public Goods Tool to
Assess Sustainable Agricultural Practices

Room Joffre 5 (level 1)

L13.2 - Socio-economic and cultural constraints on technology adoption
in agroforestry systems

Chairs: Michael Webb & George Curry

Regular talks

¢ LANDICHO Leila - College, Philippines: Why Farmers Adopt Agroforestry in the Philippines?
Implications for Developing Agroforestry Policies

¢ SANOU Lassina - Koudougou, Burkina Faso: Drivers of farmers’ decisions to adopt agrofo-
restry: Evidence from the Sudanian savanna zone, Burkina Faso , West Africa

* GIGNOUX Jeremie - Paris, France: Making extension work: a field experiment on commu-
nity-based training to agroforestry dairy feeds in Uganda

¢ TSCHOPP Maurice - Bern, Switzerland: Silvopastoral production system in the Argentinian
Chaco : smallholders” motivations for adoption and policy insights

Room Joffre C (level 1)

L17.2 - Challenges, opportunities and trade-offs of agroforestry with perennial crops
Chairs: Eduardo Somarriba & Philippe Vaast
Regular talks

¢ SIMON Sylvaine - Saint-Marcel-les-Valence, France: Methodology to co-design temperate
fruit tree-based agroforestry systems: three case studies in Southern France

e GWALI Samson - Kampala, Uganda: Traditional practices in shea tree (Vitellaria paradoxa)
conservation in Uganda: Reflections and lessons from the past

e GAUDIN Amelie - Davis, United States: Benefits and tradeoffs of integrated sheep vineyard
systems in California

* THALER Philippe - Montpellier, France: Too good to be true? Permanent Rubber Agroforestry
Systems. Reality and challenges in Thailand

Room Joffre A (level 1)

L19 - Silvopastoral system: promoting rural development by increasing
tree-animal-pasture relationships
Chairs: Joana Amaral Paulo & Gerardo Moreno

Regular talks

e OLIVAL Alexandre - Alta Floresta, Brazil: Trees and pastures: building integrated production
systems in Amazonia

» KEELEY Keefe - Madison, United States: Advancing silvopasture in temperate oak ecosystems
via social, observational, and experimental approaches s
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11:00 AM

11:00 AM

11:00 AM

* GUTIERREZ-OVIEDO Fabidn - Ibague, Colombia: Intake and digestibility of diets for creole
lambs containing foliage of tropical trees

¢ BROOK Robert - Chester, United Kingdom: Silvopastoral agroforestry for off-setting green-
house gas emissions from cattle farming systems in Costa Rica

e LUSKE Boki - Bunnik, Netherlands: Nutritional potential of fodder trees: the effect of tree
species, soil type and seasonal variation

Room Joffre 4 (level 1)

L21 - Agroforestry germplasm
Chairs: Ramni Jamnadass, Abasse Tougiani & Isaac Nyoka
Regular talks

e KEHLENBECK Katja - Kleve, Germany: Domestication of baobab (Adansonia digitata L.) in
Eastern Africa: results of the Baofood project in Sudan and Kenya

¢ CALLO-CONCHA Daniel - Bonn, Germany: Challenges of participatory tree domestication
programs: lessons from the Peruvian Amazon case

e DIVAKARA Baragur - Bengaluru, India: Assessing the growth performance of pongamia
pinnata |. Genotypes under multilocational trial

¢ KUMAR Ashok - Dehradun, India: Diverse forest genetic resources for enhanced productivity
under agroforestry

e BENNADJI Zohra - Tacuaremb¢, Uruguay: Multipurpose trees domestication in Uruguay:
synthesis of knowledge advances

Room Antigone 3 (level 2)

L9 - Value chains and certification of agroforestry systems and products
Chairs: Andrea Pisanelli & Nuria Ferreiro Dominguez
Regular talks

* OUEDRAOGO Désiré - Bristol, United Kingdom: Good forest governance: Improved income
for rural communities in Burkina Faso — results from a TREE AID programme

* BALAGUER Fabien - Auch, France: From Fork to Fork - Towards market integration for agro-
forestry and agroecology

* BRUNORI Antonio - Perugiag, Italy: PEFC endorsement process for the Certification of Trees
Outside Forests

* RABANY Cédric - Montpellier, France: A new payment for ecosystem services in organic
cocoa agroforestry system in lvory Coast

e ELEVITCH Craig - Holualoa, United States: Designing generalizable agroforestry standards for
regenerative agriculture

Room Barthez (level 2)

L24 - Biophysical modelling of interactions in agroforestry
Chairs: Jules Bayala & Joao Palma
Regular talks

¢ GRIMALDI Juliette - Montpellier, France: What are the impacts of tree shade on the absorp-
tion of light by grapevine within alley-cropped vineyards?

¢ CARAUTA Marcelo - Stuttgart, Germany: Modeling the adoption of agroforestry systems:
Evidence from agent-based simulation

* INURRETA AGUIRRE Hector Daniel - Montpellier, France: Using the Hi-sAFe model to test the
effect of tree root and branch pruning with different crop management options

e TEMESGEN Habtamu - Dilla, Ethiopia: Variation in ecosystem service values with respect to
land use/cover changes in agroforestry landscape

e FELTON Michelle - Reading, United Kingdom: Dynamic modelling of potential carbon removal
and sequestration by agroforestry: A UK perspective
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Agroforestry 2019 Programme on Wednesday 22 May - Morning

11:00 AM
L20 - Agroforestry and agroecology: opportunities and challenges
Chairs: Jo Smith & Leigh Winowiecki
* VERWEIJ Pita A. - Utrecht, Netherlands: Ecosystem service interactions under agroecological
management transition in European almond orchards
e AKHTER Fardausi - Indian Head, Canada: Role of field boundary habitats in agro-ecosystems
health and productivity
e MBAYE Gora - Dakar, Senegal: Natural Assisted Regeneration of woody species in agro-
systems of Senegal: agro ecological advantages and constraints
* NAIR Vimala - Gainesville, United States: Potential for using biochar in resource-limited agro-
forestry systems
e TORQUEBIAU Emmanuel - Montpellier, France: Multilayer agroforestry : the missing link
INKOOF.\\Y/I Room Joffre B (Level 1)
L23 - Root issues in agroforestry
Chairs: Alexia Stokes & Gerry Lawson
Regular talks
* HOSSEINI BAI Shahla - Bundaberg, Australia: Root studies in agroforestry systems — a case
study of coffee and cocoa trees
* FUNGO Bernard - Kampala, Uganda: Forage biomass yield and soil aggregate carbon under
fodder banks with contrasting management regimes
¢ KUNHAMU Tk - THRISSUR, India: Stand density influences on fine root dynamics in Acacia
mangium Willd stands at Kerala, India
* DEB Sourabh - Agartala, India: Root biomass and nutrient (N&P) turnover in traditional agro-
forestry sytems of Northeast India
e BIRHANE Emiru - Mekelle, Ethiopia: Response of Commiphora seedlings to mycorrhizal
inoculation, soil fertility, and moisture deficit
11:00 AM Room Joffre D (level 1)
L7 - Jobs, business, finance: can agroforestry make it great?
Chairs: Patrick Worms & Fergus Sinclair
Regular talks
¢ WORMS Patrick - Waterloo, Belgium: A stimulus to ‘green growth’ in post-mining peri-urban
Africa with elite Pongamia pinnata
¢ GREENE Harry - Brooklyn, United States: Marketplace approaches for context-based agrofo-
restry investments and project development
12:15 AM  gEiTe) Level 3
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Agroforestry 2019 Programme on Wednesday 22 May - Afternoon

2:00 PM

4:00 PM

5:30 PM

6:45 PM

8:45 PM

Berlioz auditorium, level 0

Plenary Session 5 - Agroforestry and Sustainable Development Goals
Moderated by Karen Coleman and chaired by John Vidal

Plenary talks

* Vincent Gitz - Director of the Forests, Trees and Agroforestry Programme of the CGIAR
* Godfrey Bahiigwa - African Union Commission, Director of Rural Economy and Agriculture
e Gwendolyn Yu - Company Engagement, BNP-PARIBAS

e Rakesh Bhushan Sinha - India

e Congressman Dennis Kucinich and Prof. Elisabeth Kucinich - USA

Berlioz auditorium, level 0

Plenary Session 6 - A road map for agroforestry

Moderated by Karen Coleman and chaired by Erik Hoffner

Plenary talks

* Roger Leakey - International Tree Foundation, UK

 John Munsell - Past-President, Association for Temperate Agroforestry
e Patrick Worms - EURAF

e Stephen Briggs - Farmer & Consultant, AbacusAgri, UK

* Gilles Delaunay - Farmer, France

e Emmanuel Petel and José Ruiz Espi - European Commission, DG Agriculture and
Rural Development

e Tony Rinaudo - Laureate of the Right Livelihood Award (video presented by Dennis Garrity)
e Fergus Sinclair - World Agroforestry / School of Natural Sciences, Bangor University, Wales, UK

Berlioz auditorium, level 0

A tribute to P. K. Ramachandran Nair

Distinguished Professor of Agroforestry, University of Florida, Gainesuville,
Florida, USA

e Portrait of P. K. Nair by Dennis Garrity

e Concluding remarks by P. K. Nair

Congress wrap-up by Tristan Lecomte
Best Posters prizes

Award Ceremony of 'Agropolis Fondation Louis Malassis International
Scientific Prize for Agriculture and Food' + 'OLAM Prize for Innovation in
Food Security’

Welcome desk & cloackroom closing down - Free time for dinner (not included)

Cultural evening: French and World music concerts Pasteur auditorium, level 1
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Agroforestry 2019 Programme on Thursday 23 May & Friday 24 May

Thursday 23 May

All day 1-day and 2-day Field trips

Centre Rabelais

9:00 PM to Can we still eat chocolate? What do tropical forests think?
11:00 PM Film projection and round-table about cocoa agroforestry
(open to all public)

Friday 24 May

Allday 2-day Field trips (second day)

Centre Rabelais

9:00 PM to Make our planet treed again!
11:00 PM Agroforestry film festival and discussion with the congress organisers
(open to all public)
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Agroforestry 2019 Abstracts

ABSTRACTS

Agroforestry and world challenges
Agroforestry: riding to the world’s rescue

- L1 -
Mitigating climate change with agroforestry

Grab it back, jack:
capture carbon with agroforestry and grasslands

Agroforestry systems are known to sequester large amounts of carbon in
the tree biomass. Several publications have also shown a positive impact of
agroforestry systems on soil organic carbon (SOC) stocks, especially after
a conversion from croplands. These systems are also promoted to adapt
agriculture to climate change and to diversify food production systems, and
are therefore good candidates to reach the objectives of the 4 per Thousand
Initiative.This session welcomes studies exploring changes in SOC stocks and
accumulation rates in agroforestry systems compared to other land uses.

A special attention will be given to studies looking at deep SOC stocks, and
mapping the spatial heterogeneity of SOC within agroforestry systems.

This session also encourages studies assessing the drivers and processes
of SOC storage and dynamics in agroforestry systems. This includes a full
quantification of C inputs to the soil (especially root inputs), dissolved organic
carbon, C stabilization mechanisms (aggregate stability, priming effect...), but
also long-term assessment of SOC storage through modeling.
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Agroforestry 2019 - Keynote Talk L1.1 Mitigating CC

LO1.1_0.01

China’s legacy in agroforestry may help to combat climate change: a meta-analysis
of soil carbon sequestration rates

Hibner R.! (rico.huebner@tum.de), Kilhnel A.2, Lu J.', Dettmann H.3, Wiesmeier M.2

"Landscape Planning & Management, Technical University of Munich, Freising, Germany; ? Chair of
Soil Science, Technical University of Munich, Freising, Germany; 3 Faculty of Forest and Environment,
Eberswalde University, Eberswalde, Brandenburg, Germany

Research on agroforestry in China is tremendous. However, no systematic review of the soil
carbon sequestration rates — as one of the most important ecosystem services to protect the
climate — has been undertaken.

A systematic search in English and Chinese initially returned 111 references, from which 43
were considered for analysis at 38 locations. Soil C sequestration rates were calculated for
topsoils (0-20 cm, 97 sites) and two subsoil layers (20-40 cm, 73 sites; 40-60 cm, 54 sites).
Applying the Random Forest model we tested the effect of the following predictor variables
on the C sequestration rate independently for each soil layer: WRB soil class, agroforestry
system (specified to agrosilvicultural, shelterbelt, or silvopastoral), land use of the control site,
tree components, legumes and climatic properties (Képpen classification, mean annual tem-
perature, mean annual precipitation).

We found changes in the conditional importance of the predictors for different soil layers.
For the topsoil (0-20 cm) the soil class is most influential, followed by the climate zone and
the agroforestry system. For the 20-40 cm depth the agroforestry system becomes most
important followed by soil class and Koeppen-classification. A similar ranking of importance
was found for the 40-60 cm depth with agroforestry system, climate zone and soil class in
decreasing order.

With regard to a high C sequestration, not only the agroforestry system and the climate play
a role, but also the soil type.

P

Geographical distribution and Képpen-Geiger Climate Classification of the study sites addressed in
the 43 publications considered. Map source (Kottek, M. et al. 2006)

Keywords: agroforestry, carbon sequestration, soil organic carbon, ecosystem services, Ran-

dom Forest.
References:
1. Kottek, M., et al., 2006, Meteorologische Zeitschrift, 15(3), 259-263
2. Montagnini, F., & Nair, P. K. R., 2004, Agroforestry Systems, 61-62(1-3), 281-295
3. Post, W. M., & Kwon, K. C., 2000, Global Change Biology, 6(3), 317-327
4. Shi, L., Feng, W., Xu, J., & Kuzyakov, Y., 2018, Land Degradation & Development, 1-12
5. Strobl, C., Boulesteix, A. L., Zeileis, A., & Hothorn, T., 2007, BMC Bioinformatics, 8, 25

4* World Congress on Agroforestry 20-22 May 2019 Book of Abstracts 2
Strengthening links between science, society and policy Le Corum, Montpellier, France



Agroforestry 2019 - Regular Talk L1.1 Mitigating CC

LO1.1_0.02

Impacts of sheep integration on carbon sequestration and soil health in
Northern California coastal vineyard systems.

Brewer K. (kmbrewer@ucdavis.edu), Gaudin A.
Department of Plant Sciences, University of California, Davis, Davis, CA, United States

Integrated sheep-vineyard systems (ISVS), a type of mixed agroforestry system, utilize sheep
to graze resident vegetation and/or cover crops and facilitate the provision of ecosystem
services for vineyard production. However, quantification of carbon sequestration and soil
health impacts from livestock integration into perennial cropping systems remain unclear. We
conducted a survey study of three long term (10+ years) ISVS plots to assess soil health shifts
from animal integration. SOC stocks were significantly higher at multiple ISVS plots for each
depth zone (0-15 cm, 15-30 cm, and 30-45 cm). Microbial biomass C was also significantly
higher at shallow depths (0-15 cm) and showed enrichment in multiple distinct functional
groups including arbuscular mycorrhizal fungi, actinomycetes, saprophytic fungi, and pro-
tozoa. Fungal:bacterial ratios and total taxonomic diversity did not significantly differ, though
microbial diversity indices trended higher in ISVS. Grazed plots had higher bioavailable-P
content, despite lower phosphatase enzyme activity. NH4+ and NO3- were both higher in
grazed plots, as were leucine aminopeptidase and urease enzyme activity. Salinity was also
higher at 0-15 cm depth in ISVS. Bulk density was inconclusive and is likely dependent on
grazing intensity and periodicity. Our results support that ISVS has substantial potential to
increase soil C storage and improve important ecosystem synergies such as microbial func-
tioning and biogeochemical cycling.
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Keywords: C sequestration, integrated crop-livestock systems, ecosystem biogeochemistry,
biodiversity, SOC fractionation.

4" World Congress on Agroforestry 20-22 May 2019 Book of Abstracts 3
Strengthening links between science, society and policy Le Corum, Montpellier, France



Agroforestry 2019 - Regular Talk L1.1 Mitigating CC

LO1.1_0.03

Does soil carbon storage in agroforestry reach the 4 per 1000 objectives?
A diachronic analysis in Madagascar

Rasoarinaivo A. R.! (tsifantenana@yahoo.fr), Razafimbelo T. M., Blanchart E.2,
Chapuis-Lardy L.2, Razakamanarivo R. H.!, Andriamananjara A.!, Rakotovao N.', Trap J.2

"Laboratoire des Radio-Isotopes, University of Antananarivo, Antananarivo, Madagascar; 2Eco&Sols,
IRD, CIRAD, INRA, Montpellier SupAgro, Univ. Montpellier, Montpellier, France

Agroforestry is recognized as a strategy to store carbon and to improve food security under
the afforestation and the biomass production by crops. This work aimed to analyze the soll
carbon storage in agroforestry systems in Madagascar using a diachronic approach. In 2014
and 2018, the soil carbon stocks were measured in the same fields from two types of agro-
forestry in the eastern coast of Madagascar differing by the tree density: low-density agro-
forestry with tree density less than 200 trees per ha and high-density agroforestry with tree
density higher than 200 trees per ha. The first 30 cm of the soil were sampled in three fields
per agroforestry type. Both type associated clove tree Syzygium aromaticum with rainfed rice
during more than 28 years. Results showed that the mean soil carbon stocks were 90,42 MgC.
ha-1 and 85.34 MgC.ha-1 in 2014, respectively in the low-density and high-density agrofo-
restry. Soil carbon storage during the 4-years period varied from 2.35 MgC.ha-1. year-1 in the
low-density agroforestry to 4.9 MgC.ha-1. year-1 in the high-density one. This induce increase
of 2.6% per year and 5.74% per year, respectively in the low and high-density systems. These
practices provided thus higher rate than 0.4 %, the threshold required to offset the global
emissions of anthropogenically-derived greenhouse gases as promoted by 4 %o initiative.

Soil carbon storage in the first 30 cm betw

2014 and 2018
e Low tree density field hitre v field %

Carbon storage (MgC/ha/year)

O = N W B N

Fieldl Field2 Field3 Field4 Field5 Field6

Types of agroforestry in the Eastern coast of Madagascar
*Significance threshold:*p<0,05;**p<0,01;***p<0,001

Keywords: soil, Carbon storage, Agroforestry, Diachronic analysis, Madagascar.
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Agroforestry 2019 - Regular Talk L1.1 Mitigating CC

LO1.1_0.04

Long-term monitoring of soil carbon sequestration in woody and herbaceous
bioenergy crop production systems in Canada

Bazrgar A. B. (abazrgar@uoguelph.ca), Coleman B., Thevathasan N.
School of environmental Sciences, University of Guelph, Guelph, Ontario, Canada

Bioenergy crop production (BCP) systems are considered as promising carbon-mitigation
options because of their soil organic carbon (SOC) storage potential (Ashiq et al. 2018). Howe-
ver, there is a research gap in relation to long-term C sequestration comparison between
herbaceous and woody biomass cropping systems. This study therefore is aimed at, (a) to
quantify above and belowground carbon stocks within an 8-year-old BCP system, and (b)
to quantify long term system level carbon sequestration (SLCS) potentials as influenced by
woody and herbaceous species. We assessed C sequestration in poplar (Populus spp.), wil-
low (Salix spp.), and switchgrass (Panicum virgatum) cropping systems by destructive sam-
pling technique (Marsal et al. 2016). SOC stock obtained from this study was compared with
existing 2009 baseline values. SLCS was determined based on the above and belowground
carbon sequestered by the tested bioenergy crops. Results showed that SOC ranged non-si-
gnificantly from 78.8 Mg ha™" for switchgrass to 85.8 Mg ha™" for willow. However, all bioenergy
systems were able to increase SOC significantly in the long-term (2009-17). Findings of this
study suggest significant differences in biomass carbon production in woody and herbaceous
bioenergy crops and in its components. Overall, considering SLCS, bioenergy production
systems can be ranked as willow (96.3 Mg ha") > switchgrass (93.5 Mg ha™) > poplar system
(85.9 Mg ha™) (Figure 1).

System Leve| Carbon Gain (Mg ha')

3y Cropping System

Figure 1. System level carbon (C) gain and its components, belowground biomass carbon (BGC) and
soil organic carbon (SOC) in bioenergy production systems, southern Ontario, Canada. Superscripts
(x-y) indicate significant differences in system level C gain between bioenergy cropping systems as
determined by Duncan’s new multiple range test (MRT) at a=0.05. Additionally, superscripts () indi-
cate significant differences between SOC in 2017 and the baseline measurements in 2009 for each
cropping system, as determined by un-paired t-test (¥ p<0.05 and #+ p<0.01). Solid line indicates
2009 baseline for herbaceous and the dotted line indicates baseline for woody cropping system.

Keywords: Biomass crops, Marginal land, Climate change mitigation, Soil organic carbon.
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Agroforestry 2019 - Regular Talk L1.1 Mitigating CC

LO1.1_0.05

Agroforestry for conservation: mitigating climate change in the Colombian Amazon

Navarrete D." (diego.navarrete@tnc.org), Arango D.!, Ordofiez M.2

'Science, The Nature Conservancy, Bogota, Cundinamarca, Colombia; ?Lands, The Nature Conservancy,
Bogota, Cundinamarca, Colombia

The agriculture, forestry and other land use (AFOLU) sector is the main source of anthropoge-
nic greenhouse gas (GHG) emissions in Colombia, generating 62% of the total GHG emissions
in the country. Within AFOLU, forest-to-pastor conversion and pasture degradation during the
establishment of traditional cattle ranching activities in the Colombian Amazon contribute to
reduce the soil organic carbon (SOC) stock by more than 20% and to increase soil compac-
tion (Navarrete et al., 2016; see figure). The Agroforestry for Conservation (A4C) project, an
initiative proposed by The Nature Conservancy and the Amazon Conservation Team under the
International Climate Initiative, aims to restore natural and productive degraded ecosystems
and to reduce deforestation in the Colombian Amazon by promoting the implementation of
agroforestry practices. By assessing the growing of agroforestry systems and the secondary
forest, the A4C project will monitor its contribution to increase SOC and reduce soil com-
paction in restored areas of the Colombian Amazon. Some partial results indicate that the
establishment of agroforestry systems in degraded pasture areas contributes to increase SOC
by 0.3 Mg C ha-1 yr-1 and to reduce soil bulk density by 0.02 g cm-3 yr-1 (see figure). These
results emphasize the importance of agroforestry systems in restoring SOC stocks and soil
physical properties, highlighting their contribution with the 4 per 1000 Soil for Food Security
and Climate Initiative.
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Soil organic carbon and soil bulk density dynamics during forest-to-pasture conversion and pasture
degradation, and agroforestry establishment

Keywords: Soil organic carbon, Soil bulk density, Agroforestry systems, Colombian Amazon,
Forest-to-pasture conversion.
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Agroforestry 2019 - Regular Talk L1.1 Mitigating CC

LO1.1_0.06

Converting natural forest to rubber plantations affects soil CO, and CH, fluxes

Lang R." (langrong@mail.kib.ac.cn), Blagodatsky S.!, Goldberg S.2, Xu J.2, Cadisch G."

"Hans-Ruthenberg-Institute, University of Hohenheim, Stuttgart, Germany; 2East and Central Asia
Regional Office, World Agroforestry Centre, Kunming, China

The plantations of perennial tree crop-rubber (Hevea brasiliensis) have expanded for decades
in Southeast Asia, replacing the tropical forests and shifting agricultural lands. The recent
rapid expansion into northern Asian tropics have changed the greenhouse gaseous carbon
fluxes and soil carbon stocks, but full understanding of the reasons at the level of processes
and underlying mechanisms is still missing.

We measured soil CO, and CH, fluxes in rubber plantations of different age and in adjacent
natural forest sites in Xishuangbanna, Southwest China, aiming to assess the impact of forest
to rubber conversion on gaseous carbon fluxes from soil and quantify the controlling factors.
Soils under young rubber plantation emitted the lowest amount of CO,, and soils under mid-
age and old rubber plantation emitted less or comparable amount of CO, compared to natural
forest soils, depending on the soil organic carbon content in the topsoil. Soil temperature
mainly controlled the temporal variation of CO, flux, while higher soil moisture suppressed the
soil respiration in rubber soils (by up to 69%) and thus masked the temperature effect during
the wet period in rainy season.

Converting forest into rubber plantations weakened the soil CH, sink by 58%, with cumulative
CH, flux -2.41 + 0.28 kg C ha' yr' and -1.01 + 0.23 kg C ha" yr for natural forest and rubber
plantation respectively. Water-filled pore space (WFPS) was the main factor controlling tem-
poral variation of CH, flux and explaining the differences between natural forest and rubber
plantations. The increase in WFPS during rainy season lowered soil CH, uptake under rubber
plantation up to 109% presumably through limiting gas exchange between air and soil. The
multiple sites covering a wide range of soil texture, allowed us to separate the interfering effect
of soil texture from land use change effect. Clay content explained only 19% of variation in
CH, annual uptake and had a limited effect on WFPS within land use type.

Conversion of natural forest to rubber plantations altered the soil water regime and soil ae-
ration, exerting a pronounced impact on processes controlling the fluxes of methane and
CO, from soil. Compared to natural forest, the higher soil moisture under rubber plantations
suppressed soil CO, flux under wet conditions and decreased CO, emission, but it limited gas
diffusion for CH, oxidation and reduced CH, sink strength. More comprehensive assessments
with processes based modeling is needed to quantify the GHG balance in the region and its
impact on global climate.
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Agroforestry 2019 - Regular Talk L1.1 Mitigating CC

LO1.1_0.07

A nonlinear method to estimate the agroforestry sequestration potentia

Menichetti L. (lorenzo.menichetti@slu.se)
Ecology, SLU, Uppsala, Sweden

Agroforestry is seen more and more as a C sequestration method to mitigate climate change
effects [1-3]. The term “agroforestry” defines a wide range of agricultural systems and the
consequent broad variability in their soil organic carbon (SOC) sequestration potential[1,3]
needs to be considered with a fine scale approach. One possibility, as it has been done so
far[1-3], is to apply linear SOC sequestration coefficients (zero order kinetics) associated with
each agroforestry class[1] and then aggregate the results regionally or globally. However, this
approach is unrealistic because:

[) The rates of SOC accumulation varies over time as a function of the SOC in the system. A
constant sequestration rate is not what is going to happen and neglects the time perspective,
offering imprecise predictions with error dependent on the time scale selected. In general a
constant sequestration rate would become unrealistic already after few years.

Il) With time, the rates of SOC accumulation approach zero and SOC stocks reach an hori-
zontal asymptote. What matters for policy-making is this equilibrium value, which determines
how many tons we can potentially sequester per hectare. Using linear coefficients implies the
C sequestration will go on forever and neglects this upper limit.

We will utilize a first-order compartmental SOC model, ICBM[4], for calculating from publi-
shed data[1-3] a C sequestration potential at equilibrium for agroforestry systems in different
climatic regions, and estimate the time needed in each system to reach it. The model will be
driven by the C inputs estimated for each system according to allometric functions, with an
associated uncertainty. This uncertainty will be considered by recalibrating the model with
Bayesian statistics (implemented through a standard Markov chain monte Carlo algorithm),
and we will rely for the calculation on the whole probability distribution of the C inputs by class
and not just on one single “best estimate” value. The parameter priors for the SOC kinetics
will come from the literature[5] assuming pretty narrow prior probability distributions, but both
the allometric belowground:aboveground coefficients and the aboveground estimate will be
considered instead with wide prior probability distributions. These prior probability distribu-
tions, general for the SOC kinetics but specific to each agroforestry class for the belowground
partitioning coefficients, will in turn generate a join probability distribution of the steady state
of SOC stocks for that class. These probabilistic estimates will then be used, together with
conversion scenarios (based on the applicability of each agroforestry class in each climatic
region), for calculating the global C sequestration potential of agroforestry. We will present
results from an ongoing project.
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Agroforestry 2019 - Regular Talk L1.1 Mitigating CC

LO1.1_0.08

Carbon sequestration of Iberian dehesas offsets emissions of their livestock

Moreno G. (gmoreno@unex.es), Llorente M.
INDEHESA, Universidad de Extremadura, Plasencia, Caceres, Spain

Since the publication of the FAO report Livestock’s Long Shadow (Steinfeld et al 2006) many
studies and inventory have emphasized the high emissions of greenhouse gases (GHG)caused
by the livestock, specially by ruminants. This is being argued, among other reasons, to claim
for a more vegetarian and vegan diet for increasing human population. However, most of the
lands occupied by grassland and devoted to extensive livestock raising are poor for arable
crops and their use for the production of grass-fed animal foods seem still the best options.
There are nevertheless a need to design systems and management practices that favor carbon
sequestration on soil and plants of grasslands and rangelands. The plantation/maintenance
of trees in grasslands managed silvopastoral systems is view as an opportunity for the aimed
low-carbon farming.

In this work we have evaluated the carbon accumulated annually in the soil and trees of more
than a hundreds of dehesas (oak wood pastures) in the South Western Spain. We built a
database of soil carbon measured in Spanish dehesas in the last 60 years. We retained the
cases finely georeferenced and that included precise data of sampling depth, soil bulk density,
processing and analytical method. For those cases (n=109) we repeated the sampling and
analysis in 2018 (time lapsed ranged from 7 to 59 years). We used the data of the 2nd and
3rd Spanish Forest Inventories to calculate the biomass accumulated in the tree population
of 3823 dehesa stands in a decade. The study is complemented with the direct measurement
of the carbon balance with an eddy covariance station working continuously since 2004 in
the dehesa of Majadas de Tiétar in CW Spain (www.fluxdata.org:8080/sitepages/sitelnfo.as-
px?ES-LM).

Results showed the mean content of soil C increased from 1.49 to 1.69% (in 22 years on ave-
rage), what translate into a mean accumulation in the uppermost 30 cm of the soil equivalent
to 754 CO2 kg ha-1 y-1. The accumulation in the trees amount up to an equivalent of 266 CO2
kg ha-1 y-1. Both together sum up 1021 CO2 kg ha-1 y-1, what approximates to the mean Net
Ecosystem Exchange measured with the eddy covariance station since 2004 (~ -1000 CO2
kg ha-1 y-1). This C sequestration rate would offset most of the emissions of GHG estimated
for the livestock-based foods produced in the dehesas. Including on- and off-farm emissions,
Eldesouky et al (2018) have estimated emissions that range from 1066 to 1319 kg ha-1 y-1
for the extensive raising of cattle and sheep. From here we can conclude that C sequestration
in soil and trees of the Iberian dehesas offset most of the GHG emissions associated to their
livestock production. Nevertheless, improving pastures, grazing schemes and including more
woody forages in the diet need to be explored as management strategies to reduce emissions
at the time the carbon sequestration is reinforced.

Keywords: silvopastoralism, soil carbon, tree growth, low carbon farming, eddy covariance.
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Soil quality is improved in a Mediterranean agroforestry system compared
to a conventional cropping system

Guillot E. (esther.guillot@gmail.com)
INRA UMR Eco&Sols, Montpellier, France

Agroforestry systems are of growing interest due to their capacities to provide a range of eco-
system services. However, soil quality based on multicriteria approach has, to our knowledge,
never been comprehensively assessed in temperate agroforestry systems, especially consi-
dering the spatial heterogeneity created by those systems. Our aims were to evaluate if (i) an
alley-cropping agroforestry system can lead to spatial gradients of soil quality from the tree
row to the middle of the cropped interrow and (ii) soil quality is different between an agrofo-
restry and a conventional plot. The soil was sampled in 7 contiguous areas along a transect
from the middle of the interrow on each side of the tree row (13 m in total) in an alley-cropping
agroforestry plot and in an adjacent conventional plot at Restinclieres (France). We measured
physical, chemical and biological indicators such as soil texture, SOC, N and P contents, mi-
crobial biomass, activity and microbial community structure. Those indicators were integrated
in soil quality indices (SQI). Within the agroforestry plot the biological soil quality occurred to
be significantly improved until 2 m from the tree row in the cropped interrow (Fig. 1). The SQl
weighted average of the agroforestry plot was significantly higher than the one calculated for
the conventional plot. The higher input of organic litters in the agroforestry plot compared to
the conventional plot is likely at the origin of this soil quality improvement.
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Biological soil quality index based on fungal biomass (Fungi), microbial biomass C (MBC) and P
(MBP), Gram+:Gram- bacteria ratio, glucose induced respiration and alanine induced respiration,
total root biomass (Roots). Data are shown for the tree row and at 1-2 m, 2-4 m and 4-6.5 m from the
center of the tree row in the agroforestry plot either on the North (N) or South (S) side of the tree row,
in the conventional crop plot (Conventional crop), for the interrow in the agroforestry plot (Interrow)
and for the total agroforestry plot (Agroforestry). Data are mean values bars + standard deviation (n
= b), lowercase letters indicating significant differences between positions from the agroforestry plot,
“** indicating significant difference compared to the conventional crop plot (P < 0.05) and ‘.’ indicating
significant difference at 0.05 < P < 0.01.

Keywords: Agroforestry, Soil quality, Spatial gradient, Microbial activities, Organic matter.
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Effect of the land use on the carbon storage in the soil fractions in
the South of Portugal

Ferreiro-Dominguez N." (nuria.ferreiro@usc.es), Paulo J.2, Palma J.2, Rigueiro-Rodriguez A.3,
Mosquera-Losada M. R.*

"Crop production and project engineering, Univ. Santiago Compostela, Lugo, Lugo, Spain; 2ISA, Lisbon,
Portugal; ®Univ. Santiago Compostela, Lugo, Spain; *Crop production and project engineering, Univ.
Santiago Compostela, Lugo, Spain

Soils play an important role in climate change mitigation by storing carbon and decreasing
greenhouse gas emissions in the atmosphere. The carbon associated to the different soil
fractions can vary over time due to several factors including biological system characteristics,
climatic conditions or land use. The aim of this study was to evaluate the amount of carbon
stored in each soil fraction (250-2000 pm, 53-250 uym, and <53 pm) in the three main land
uses traditionally encountered in the semi-arid areas of the South of Portugal (natural forest
vegetation, agroforestry and agricultural). The experiment was carried out in three plots of the
Perimetro Florestal of Contenda located in the Baixo Alentejo province, South of Portugal.
The three selected plots were: i) a plot with natural forest vegetation, dominated by uneven
aged Quercus rotundifolia L. trees established through natural regeneration, ii) a plot with an
agroforestry land use (montado), in which uneven aged Quercus rotundifolia L. trees were
established and are currently at a low density (66 trees ha-1) and combined with an extensive
grazing with sheep, iii) a plot with an agricultural land use in which during the last six years
the soil was tilled to sow a mixture of grasses (triticale, oat and wheat) and legumes (clover)
for livestock feeding. In these plots soil samples were collected at a soil depth of 25 cm in
March 2017. In the plots with natural forest vegetation the soil samples were collected under
the trees and in the agroforestry plots the soil samples were collected under the trees and in
those areas not affected by the trees. In the laboratory, soil samples were physically fractio-
nated in macroaggregates (250-2000 pm), microaggregates (53-250 pm) and silt + clay (< 53
pm). The percentage of carbon in the three soil fractions was analysed using a LECOTM CNS
Elemental Analyzer. The percentage of carbon was used to calculate the carbon storage per
hectare (Mg C ha-1) in the soil fractions. The obtained results showed that the land use modi-
fied the carbon storage in the soil fractions, mainly due to the different inputs of organic mat-
ter to the soil and the management activities associated with each land use such as the soll
tillage or the livestock grazing. In this study, the trees established in the plots increased the
carbon storage per hectare in the macroaggregates and in microaggregates probably due to
the high inputs of organic matter to the soil coming from the tree leaves and roots. Therefore,
in semi-arid areas such as those in this study it could be recommended the implementation of
agroforestry systems such as the montado as a land use to mitigate the effect of the climate
change, allowing agricultural production.
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Agroforestry systems: Meta-analysis of soil carbon stocks, sequestration processes,
and future potentials

Kuzyakov Y." (ykuzyakov@yandex.com), Shi L.2, Xu J.?

"Institute of Environmental Sciences, Kazan Federal University, Kazan, Russia; 2ICRAF East and Central
Asia, KIB, CAS, Kunming, China

Agroforestry (AF) has the potential to provide a broader range of ecosystem services such as
carbon (C) sequestration and biodiversity. Advantages and processes for global C sequestra-
tion in AF are unknown. We used a meta-analysis of 427 soil C stock data pairs grouped into
four main AF systems—alley cropping, windbreaks, silvopastures, and homegardens—and
evaluated changes in AF and adjacent control cropland or pasture. Mean soil C stocks in AF
(1-m depth) were 126 Mg C-ha-1 , which is 19% more than that in cropland or pasture. The
highest C stocks in soil were in subtropical homegardens, AF with younger trees, and topsoil
(0—20 cm). Increased soil C stocks in AF were lower than aboveground C stocks in most AF
systems, except alley cropping. Homegardens stored the highest C in both aboveground and
belowground, especially in the subsoil (20-100 cm). Advantages of AF ecosystem services
focusing on mechanisms of belowground C sequestration were analyzed. AF could store 5.3
x 109 Mg additional C in soil on 944 Mha globally, with most in the tropics and subtropics. AF
systems could greatly contribute to global soil C sequestration if used in larger areas. Future
investigations of AF should include (a) mechanistic- and process-based studies (instead of
common monitoring and inventories), (b) models linking forest and crop growth with soil water
and C and nutrient cycling, and (c) accurate assessments of the AF area worldwide based on
the remote sensing approaches .
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Schema of four dominating agroforestry (AF) systems: Alley cropping (AC), homegardens (HG),
silvopastures (SP), and windbreaks (WB). Top: Depending on land use intensity, labor intensity,
percentage of cropland and trees, and livestock. Bottom: AF systems according to increasing land
use intensity and anthropogenic impacts on crops and trees

Keywords: agroforestry management, carbon sequestration, ecosystem services, home-
gardens, meta-analysis.
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Soil carbon stock is higher in oil palm agroforestry than in monoculture
in eastern Amazonia

Vasconcelos S." (steel.vasconcelos@embrapa.br), Costa N.', Castellani D.2, Kato O.!

"Embrapa Eastern Amazon, Belem, Brazil; 2 Natura, Cajamar, Brazil

Agroforestry-based oil palm production systems (oil palm AFS) may be a more sustainable
option to produce palm oil compared to the conventional cultivation system (monoculture).
However, little is known about the impacts of oil palm AFS on soil carbon (C), which is usually
strongly related to soil sustainability and climate change mitigation potential of agricultural
systems. We measured the soil C stock in an 11-yr-old organic, biodiverse oil palm AFS in
eastern Amazon, Brazil. We also quantified soil C stocks in reference sites (~20-yr-old forest
regrowth and 11-yr-old oil palm monoculture). In the AFS, oil palm seedlings were planted
in double rows interspersed with strips consisting of five rows of palm and tree species. We
collected soil samples (depth: 0-5, 5-10, and 10-20 cm) in three transects in each oil palm
production system and forest regrowth. The soil C stock was significantly higher in the oil
palm AFS than in the monoculture and forest regrowth (Figure 1). Increased soil C stock in
the oil palm AFS very likely results from the input of organic matter through periodic pruning
and organic fertilization. For both oil palm production systems, the soil C stocks was higher in
the frond pile zone than close to the oil palm trunk. The cultivation of oil palm in organic, bio-
diverse agroforestry systems has higher potential to accumulate soil C than the conventional
cultivation of oil palm in monoculture.
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Soil carbon stocks (0-20 cm) in oil palm agroforestry, oil palm monoculture, and forest regrowth in
eastern Amazonia. Data are mean +/- standard error (n=3).
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Soil carbon storage and aggregate-size fractions under agroforestry systems

Nair P." (pknair@ufl.edu), Nair V.2

"School of Forest Resources and Conservat, University of Florida, Gainesville, Florida, United States;
2Soil and Water Sciences, University of Florida, Gainesville, Florida, United States

Rigorous research data are needed to support successful exploitation of the carbon (C) se-
questration potential of agroforestry systems (AFS) as a viable strategy for climate-change
mitigation. With that background, we studied the extent of soil organic carbon (SOC) storage
under AFS in several locations across the world in association with various collaborators du-
ring the past two decades. The overarching hypothesis was that AFS, compared to tree-less
systems, store more total SOC overall and more recalcitrant C (C in finer soil particles that is
not easily decomposable) at lower soil depths.

The study included several AFS such as silvopasture (Florida, USA; North-Central Spain; and
Minas-Gerais, Brazil); parklands (Ségue, Mali); homegardens (Kerala, India); and shaded pe-
rennials (Bahia, Brazil; Karnataka, India; and Turrialba, Costa Rica). At each location, C stocks
in the whole soil and in three aggregate-size fractions were determined under AFS and other
land-use systems (forestry, agriculture, pasture) at different soil layers up to 1.0 m depth.
The fractions were macroaggregates (2000-250 pum), microaggregates (250-53 pm) and silt
+ clay (<53 pym), representing increasing levels of resistance to decomposition of their SOC:
macroaggregates the least and silt + clay the most.

In general, upper levels of soils of tree-dominated and less disturbed (cultivated) systems
contained relatively higher percentages of macroaggregates. Macroaggregates also harbored
microaggregates and silt + clay fractions within, protecting their C from decomposition and
thus leading to its sequestration. The overall SOC stock to 1.0 m depth under different land-
use systems ranged widely from ca. 30 to 300 Mg ha-1, reflecting the dependence of SOC
stock at a location on various site-specific factors. Within this wide range of conditions, some
general trends of SOC storage were evident (ref 1-4): i) Tree-based systems, compared to
treeless systems, had higher SOC stocks in deeper soil; ii) Systems with high tree-density had
more SOC and macroaggregates in the upper 50 cm of soil; iii) Shaded perennial systems
were comparable to forests in SOC storage; iv) Sparse tree-density systems had high SOC
stocks near trees; and v) C3 plants (trees) contributed to more recalcitrant C than C4 plants in
deeper soil profile. More studies are needed to understand the mechanisms involved in these
observations.

These results, in conjunction with the output from a comprehensive meta-analysis of pu-
blished results of soil C sequestration under AFS (ref 5), provide a robust dataset showing
the important role of AFS in soil C storage and sequestration. The dataset is also valuable
in the context of the UNFCC recognition of SOC as the most relevant variable for stringent
MRV (measurement, reporting, and valuation schemes) scheme for certifying soil management
practices as having a positive effect on SOC accumulation.
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Diurnal and seasonal variations on soil CO, fluxes in tropical silvopastoral systems

Casanova-Lugo F." (fkzanov@gmail.com), Adame-Castro D.!, Diaz-Echeverria V. F.!, Oros-
Ortega I.", Aryal D. R.2, Villanueva-Lopez G.3, Cetzal-Ix W. R.%, Lara-Pérez L. A."

"Tecnoldgico Nacional de México, I.T. Zona Maya, Othon P. Blanco, Quintana Roo, Mexico; 2CONA-
CYT-UNACH, Facultad de Ciencias Agronémicas, Chiapas, Mexico; 2El Colegio de la Frontera Sur,
Agricultura, Sociedad y Ambiente, Villahermosa, Tabasco, Mexico; * Tecnoldgico Nacional de México,
I.T. China, China, Campeche, Mexico

Recent studies indicate that changes in the landscape promote significant variations in the
dynamics of soil CO, fluxes under tropical conditions. An alternative that could reduce flows
to the atmosphere is the incorporation of trees and shrubs to pastures and convert animal
production systems based on pasture monocultures to silvopastoral systems (SPS). The aim
of the present study was to evaluate the effect of the diurnal and seasonal variations on the
soil CO, fluxes in two tropical SPS in Mexico. The climate of the study area is warm sub-hu-
mid and the soils are of the Gleysol type. Two silvopastoral arrangements were used, one
consisting of Leucaena leucocephala cv. Cunningham associated with Panicum maximum
cv. Mombaza, and another with L. leucocephala cv. Cunningham associated with Cynodon
plectostachyus, established in 2014. The soil CO, fluxes, temperature and soil moisture were
measured in situ with a LICOR-8100A infrared gas analyzer (LICOR Inc., Lincoln, NE) during
the dry and rainy season at two sampling times (06:00-08:00 and 14:00-16:00 h), under a
completely random design with four repetitions. The data were transformed to logarithm to
comply with the normality assumptions (Kolmogorov-Smirnov) and analyzed with a two-way
analysis of variance. Soil CO, fluxes, temperature, and soil moisture were similar (P > 0.05) in
both SPS evaluated with average values of 6.1 pmol/m?/s, 25.4 °C, and 33.5%, respectively.
In both SPS it was observed that the soil CO, fluxes and the soil temperature were higher (P
<0.05) in afternoon (14:00-16:00 h), nevertheless; soil moisture was similar between sampling
times (P > 0.05). Soil temperature was higher in the dry season compared to the rainy season
for the SPS of L. leucocephala with P. maximum (P <0.05). We concluded that the soil CO2
fluxes and the soil temperature were affected by the diurnal variations; however, in the dry
season the SPS of L. leucocephala with P. maximum showed a higher soil temperature.

Keywords: Gleysol, shrub legume, soil respiration, tropical grasses.
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How do hedgerows influence soil organic carbon and carbon budgets
in livestock-grazed pasture?

Ford H. (hilary.ford@bangor.ac.uk), Pagella T., Healey J., Webb B., Smith A.
Bangor University, Bangor, United Kingdom

Hedgerows have the potential to influence ecosystem function in livestock-grazed pasture.
Despite this, they are often ignored when quantifying ecosystem service delivery. We as-
sessed the contribution of hedgerows to C storage, with a particular emphasis on soil organic
C (SOCQ), and annual C budgets. We measured SOC content at 0-0.15 m depth in pasture
adjacent to hedgerows, stone walls or fences across ten farms in North Wales (UK). We also
measured soil respiration in pasture adjacent to two hedgerows, and in the un-grazed zone
directly under the hedgerow itself, in seasonally-wet and free-draining soils. SOC content
was greatest under hedgerows (7-20%), with pasture within 2m of the hedgerow boundary
fence greater (~7%) than farther into the pasture (~6%). The presence of hedgerows altered
seasonal soil temperature and moisture dynamics which in turn influenced soil respiration.
Pasture on free-draining soil was identified as an annual net source of C, with the un-grazed
hedgerow zone a small net sink (Figure 1). The zone-of-influence of hedgerows in agricultural
land in North Wales accounts for ~1% of land area, with potential to contribute to the 4 per

1000 initiative.
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+ 1254 -91
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Figure 1. Annual carbon (C) budget of the effect of hedgerows on the C balance of livestock-grazed

(G) pasture on free-draining soils. Annual soil respiration (SR) rates were calculated for pasture and

un-grazed (U) zone directly under hedge. ANPP/BNPP = above/below-ground net primary producti-
vity.

Keywords: carbon storage, soil respiration, carbon budget, grazed, hedgerows.
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Revisiting IPCC Tier 1 coefficients for soil organic and biomass carbon storage
in agroforestry systems

Bernoux M." (Martial.Bernoux@fao.org), Umulisa V.2, Toudert A.", Olivier A.%, Bockel L.,
Cardinael R.*

"Climate and Environment Division, FAO, Rome, ltaly; 2CIRAD, Bonn, Germany; °Université Laval,
Québec, Canada; * CIRAD, Montpellier, France

Agroforestry systems (AFS) have the capacity to sequester large quantities of carbon (C) in
both soil and biomass. However, these systems have not yet been fully considered in the ap-
proach to C accounting developed by the Intergovernmental Panel on Climate Change (IPCC).
Our literature review identified a total of 122 scientific, peer-reviewed articles associated with
biomass C storage and with soil organic carbon (SOC), containing of total of 542 observations
(324 and 218, respectively). Based on a synthesis of the reported observations, we are pre-
senting a set of Tier 1 coefficients for biomass C storage for each of the 8 main AFS identified,
including alley cropping, fallows, hedgerows, multistrata, parklands, shaded perennial-crop,
silvoarable and silvopastoral systems, disaggregated by climate and region. Using the same
agroforestry classification, we are presenting a set of stock change factors (FLU) and SOC
accumulation/loss rates for three main land use changes: cropland to AFS; forest to AFS;
and grassland to AFS. Globally, the mean SOC stock change factors (+ confidence intervals)
were estimated to be 1.25 + 0.04, 0.89 + 0.07, and 1.19 = 0.10, for the three main land use
changes, respectively. However, these average coefficients hide huge disparities across and
within different climates, regions, and types of agroforestry systems, highlighting the necessity
to adopt the more disaggregated coefficients provided herein.

Figure: Sites of published studies on SOC (circles) and biomass (triangles) storage in various agrofo-
restry systems. A few studies reported both SOC and biomass (squares).

Keywords: Carbone sequestration, emission factor, climate change mitigation, land use

change.
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High organic inputs explain shallow and deep SOC storage in a
long-term agroforestry system

Chenu C." (claire.chenu@inra.fr), Guenet B.2, Chevallier T.2, Dupraz C.%, Cozzi T.', Cardinael R.5

"UMR Ecosys, AgroParisTech, Thiverval-Grignon, France; 2LSCE, Gif-Sur-Yvette, France; ®IRD,
Montpellier, France; *UMR System, INRA, Montpellier, France; s CIRAD, Montpellier, France

In agroforestry systems (AFS), soil organic carbon (SOC) stocks are generally increased, but it
is difficult to disentangle the different factors responsible for this storage. We used an 18-year-
old silvoarable system associating hybrid walnut trees and durum wheat and an adjacent agri-
cultural control plot to quantify all OC inputs to the soil — leaf litter, tree fine root senescence,
crop residues, and tree row herbaceous vegetation — and measured SOC stocks down to 2m
of depth at varying distances from the trees. We then proposed a model that simulates SOC
dynamics in AFS accounting for both the whole soil profile and the lateral spatial heteroge-
neity. The model was calibrated to the control plot only.

Measured OC inputs to soil were increased by about 40% (+1.11 tCha-1 yr-1) down to 2m
of depth in the AFS plot compared to the control, resulting in an additional SOC stock of 6.3
tCha-1 down to 1m of depth. However, most of the SOC storage occurred in the first 30 cm
of soil and in the tree rows. The model was strongly validated, properly describing the mea-
sured SOC stocks and distribution with depth in AFS tree rows and alleys. It showed that the
increased inputs of fresh biomass to soil explained the observed additional SOC storage in the
AFS plot. Moreover, only a priming effect variant of the model was able to capture the depth
distribution of SOC stocks, suggesting the priming effect as a possible mechanism driving
deep SOC dynamics.
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Measured soil organic carbon stocks and organic carbon inputs to the soil in the 18-year- old agro-

forestry plot. Associated errors are standard errors. Values are expressed per hectare of land type

(control, alley, tree row). To get the values per hectare of agroforestry, data from the alley and tree

row have to be weighted by their respective surface area (i.e., 84 and 16 %, respectively) and then

added up. OC: organic carbon; SOC: soil organic carbon. SOC stock data are from Cardinael et al.

(2015b), and data for tree root OC inputs are combined from Cardinael et al. (2015a) and Germon et
al. (2016).

Keywords: deep roots, deep SOC, SOC modeling, priming effect, C sequestration.
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The net biome production of an alley-cropping system of sorghum and
poplar SRC compared to an open field cultivation
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Silvoarable systems are recognized to be able to stock higher amount of carbon (C) respect to
conventional arable systems, both accumulating C in total biomass of trees and enhancing the
soil organic carbon (SOC) sequestration potential (1). Several methods are available to assess
agroecosystem C balance. Since changes in SOC become apparent in decades, soil sampling
techniques do not allow to measure differences in short term. The flux approach is considered
a good method for the full carbon balance accounting at annual scale. Indeed, it is an indirect
method to estimate all carbon fluxes (2), suitable to quantify the net biome production (NBP),
namely the net carbon gains/losses, calculated with the following equation (3):
NBP=CAGB+CBGB-CRh-Ch

The C inputs in the NBP calculation are the C in the aboveground biomass (CAGB) and in the
belowground biomass of trees and crop (CBGB), while the C outputs are the C lost with the
heterotrophic respiration (CRh) and with the harvested biomass (Ch).

The aim of this work was to assess the potential agroecosystem carbon storage through the
NBP of three systems: open field (OF), agroforestry (AF) and poplar short rotation forestry (SRF).
The experimental field, which includes the three systems, was located in Pisa (ltaly) at 3 m
a.s.l. in aloam to clay loam soil. Rows of short rotation coppice (2 years cut cycle) poplar are
spaced 13.5 m. Poplar (Populus spp. clone AF2 and Monviso) was planted in 2009, sorghum
(Sorghum bicolor L.) was sown in open field plots and in poplar alleys in June 2018.

In AF, the distance from trees was considered as a factor, sampling all the NBP components
along a transect in the alley with 3 positions (AFW, westward; AFC, center; AFE, eastward).
The experimental design included 4 replicates for each system and position.

In each system, initial soil characterization was carried out and microclimate conditions were
monitored in continuum by meteorological stations recording air temperature, wind speed, soil
temperature and soil water content (SWC).

The CAGB, CBGB and Ch were calculated multiplying the biomass dry weight per the biomass
C concentration. The aboveground biomass was measured at harvest weighting all the crop
aerial parts, weeds and litter. The belowground biomass was measured with soil coring at
harvest. The harvested biomass was measured weighting sorghum grain and poplar biomass.
The CRh was measured with the chamber method (portable CO2 analyser) in a soil CO2 flux
partitioning experiment with the root exclusion method (trenching) (4), with weekly measure-
ments. The method adopted in this study will allow to quantify the overall C sequestration
potential of agroforestry in Mediterranean conditions considering the carbon accumulation at
agroecosystem scale in short time in arable lands and to assess the effect of position along
the transect on NBP due to different microclimate conditions.

Keywords: Carbon balance, CO2 flux, Sustainable intensification, Mitigation potential,
Climate change adaptation.
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Soil Carbon Storage in Silvopasture in comparison with planted and
native forests and pasture in a Brazilian Oxisol
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In Brazil, silvopastoral systems (SPS) are practiced in about 2 million hectares with Eucalyptus
hybrids as the main tree species, and the area is increasing because of governmental incen-
tives. To understand the influence of such systems on soil organic carbon (SOC) storage, we
studied C content in three aggregate size classes in four land-use systems (LUS) on Oxisols in
Prudente de Morais, Minas Gerais, Brazil. The LUS were 8-year-old SPS, planted forest (Eu-
calyptus hybrid), native (Cerrado) secondary forest, and managed pasture. The SPS had three
tree-planting configurations: i) trees 3 m apart in double rows, 20 m between rows (SPS 20); ii)
trees 2 m apart in double rows, 9 m spacing (SPS 9D); and iii) trees 2 m apart in single rows,
9 m spacing (SPS 9). The grass in SPS and pasture treatments was Urochloa decumbens.
Cattle had been introduced 3 years after planting trees. The native forest was semi-deciduous
degraded forest, with > 10 tree species, ~ 10 m height. From each treatment, composite soil
samples were collected from each of the depth-classes (0-10, 10-30, 30-60, and 60-100
cm), three replications, and from two sites each in SPS: NT (near trees, 1.5 m from trees) and
MR (middle of two rows). In the laboratory, each soil sample was manually fractionated (wet
sieving) into three aggregate-size classes: macroaggregates, MA (2000 to 250 ym), microag-
gregates, Ml (250 to 53 pm), and silt + clay, SC (<53 um). The SOC contents in each fraction
size class were determined and reported as stock (Mg ha-' per cm) in various soil layers, and
compared using R and ANOVA in a completely randomized design and Tukey’s studentized
range test (significant at p < 0.05). The results showed that pasture had higher SOC in the
whole soil and MA fraction. The Ml fraction had higher SOC under pasture than forest and SPS
20 (NT and AT). For the SC size fraction, no difference was found between the treatments.
Comparing the depths, SOC in MA was higher in the top soil layers. For the MI and SC size
fractions, the SOC decreased with depths and were similar at the depths of 30 — 60 and 60
— 100 cm. Down to 1 m, total SOC stock ranged from 260 Mg ha~" under pasture to 167 Mg
ha-' under native secondary forest; 174 Mg ha-"' for Eucalyptus plantation; and the three SPS
had values in the 190 to 200 Mg ha-' range. The SPS had higher C stock than the native forest
and Eucalyptus plantation, and the highest stock was under pasture. The lowest amount of
SOC under forest was a reflection of the poor state of the degraded secondary forest. It will
be worthwhile to study if incorporating the native nitrogen-fixing trees (NFT), several of which
are available, in SPS would lead to better C storage in soils comparable to or exceeding that
under pasture. The relative distribution of C in different soil fraction sizes under SPS with na-
tive NFTs is another important line of future investigation, especially considering the status of
the Cerrado biome as a biodiversity hotspot.

Keywords: Agroforestry, Climate Change, Tree Management, Livestock, Soil Organic Matter.
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Soil-atmosphere CO2 fluxes in Central Africa humid tropics: comparative study
among food crop and agroforest systems
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The Congo Basin is the second largest forest reserve in the world and hold much of Africa’s
carbon. In Sub Saharan Africa region, AFOLU sector represents amongst 80% of GHG emis-
sion. In the case of Cameroon which commits to a 32% decrease of GHG emission compared
to 2010, by 2035 and in the same time aiming to emerge on the same horizon, searching of
balance for have a green economies is challenging. However, due to absence of analytical ca-
pacities in Central Africa, there is a severe lack of knowledge on GHG fluxes which introduces
large uncertainties into regional GHG reporting.

The objectives of this study were to quantify and analyze seasonal variability and environ-
mental controls of soil-atmosphere interface CO2 fluxes in secondary forests (as reference
level), cocoa agroforests and unfertilized mixed crop fields in Cameroon, typical land uses
of the Congo basin. We used manual static chamber techniques with approximately weekly
temporal resolution over a full year and analyzed gas samples using a gas chromatographer.
Soil temperature, moisture data were permanently recorded.

Our work indicates that cocoa agroforest contains 10 times more biomass than mixed crop
field. We also notice a strong decrease of CO2 emissions after forest conversion to crop fields
than agroforest (180.28 mgC.m-2.h-1 in forest towards respectively 141.06 mgC.m-2.h-1 and
102.56 mgC.m-2.h-1 for cocoa and crop field), showing that SOC is more important in agro-
forest system. And finally, variation in soil water content was the dominant driver of seasonal
variations of the fluxes at all study sites.

Keywords: Congo bassin, soil-atmosphere, CO2 fluxes, Cocoa agroforest, mixed crop field.
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Long-term agroforestry systems options to recover degraded lands and to mitigate
climate change in the Peruvian Amazon
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Land degradation in the humid tropics of Peru by slash and burn agriculture is producing defo-
restation of around 113000 has per year. Some land use alternatives to reduce deforestation
and land degradation by improving the physical and chemical soil properties were tested in
the Peruvian amazon . Selective agroforestry systems (AFS) trials were established since 1987
in the Peruvian amazon . Main AFS was the multistrata system with crops, fruits and woody
trees and a silvopatoral systems with cover crop.In 2016 new trials to recover degraded pas-
tures was established and includes cover crop with centrosema and different mutistrata sys-
tems base in woody trees of fast, medium and long-term production. Results showed that with
long-term agroforestry systems we had continuous food and fruit production and soft wood,
firewood and at the end of 30 years the harvest of the hardwood of Cedrelinga cateanaefor-
mis. Besides, these systems sequester an average of 10 t C ha-1 of carbon. The silvopastoral
systems with adequate stocking rate and pasture maintenance and grazing rotation reduced
the compaction and soil degradation . Recovering degraded pastures was reached at four
months with centrosema cover crops followed by the establishment of multistrata systems.
In conclusion long terms and short-term agroforestry systems with full soil cover offered and
excellent option to recover degraded land, reduce the deforestation, and mitigate climate
changes effects in the Peruvian amazon.

Multistrata Agroforestry System with cover crop in the peruvian amazon
Keywords: Multistrata system, cover crop, amazon, degradation.
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Growth and carbon sequestration in biomass of Cordia alliodora in coffee
agroforestry systems in Tolima, Colombia

Andrade H. (hjandrade@ut.edu.co), Milena S., Escobar E.
Grupo de investigacion PROECUT, Universidad del Tolima, Ibagué, Tolima, Colombia

Timber production and carbon sequestration (CS) of timber trees in agroforestry systems
(AFS) are key for their productivity and climate change mitigation. Non-linear models of growth
and CS of Cordia alliodora in coffee AFS with, a range of shade levels in Libano, Tolima, Co-
lombia were developed. A total of 98 trees with an age between 1 and 19 years were randomly
selected in private farms and measured (diameter at breast height -dbh- and total height -th).
Timber volume, biomass and carbon stock of these trees were estimated with volume and
biomass alometric models and a carbon fraction of 0.47. The best-fit models were selected
based on Information Criteria of Akaike (AIC) and Bayesian (BIC), the mean square error (MSE)
and the biological adjustment. A residual analysis was also included in the selection. The
greatest growth rate was reached at an age of 6 and 11 years (3.6 cm/year in dbh and 3.0 m/
year in th, respectively); whereas the maximum carbon fixation was found between 13 and
17 years (60 kg C/tree/year) (Figure 1). The th reached the maximum value at 12 years, later
that it was more or less contast. In a 20-years cycle in coffee AFS, C. alliodora could stock a
total volume of timber of 148-495 m?®ha and fix between 1.2 and 4.1 Mg C/ha/year with tree
abundances of 30 and 100 trees/ha, respectively. These results show the importance of this
species in AFS, mainly when timber production and carbon sequestration are priorities for
their profitability.
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Figure 1. Growth and carbon sequestration of individual trees of Cordia alliodora in coffee agrofo-
restry systems in Libano, Tolima, Colombia. Dbh: diameter at breast height; H: total height; V: total
timber volume; C: carbon stock in aboveground biomass.
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Mitigation of climate change through carbon sequestration of coffee
production systems in Cundinamarca, Colombia
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Production systems with woody perennial plants, ideally timber trees, are technologies accep-
ted in carbon projects to mitigate climate change through carbon sequestration. This research
estimated C storage and fixation in coffee production systems in Cundinamarca, Colombia.
Carbon in biomass, necromass and soil were estimated in systems with three different shade
levels (low, medium and high) in three municipalities (Pacho, San Juan de Rioseco and Ti-
bacuy) using IPCC’s recommendations (2006). Biomass was estimated with allometric equa-
tions, being some of them specific. Belowground biomass was estimated with a general model
recommended by IPCC. Soil organic carbon was estimated at a 0-30 cm depth, considering
the gross fragments. Variance analyses were carried out using the completely randomized de-
sign with three treatments (shade levels) and five repetitions per municipality. Soil stored 75%
of the total C (93.9-137.7 Mg C ha-1), followed by trees (19%). Carbon increases with a rise
in shade (55.8 vs42.0 vs23.0 Mg C ha-1for high, medium and low shade, respectively) (Figure
1a). Coffee bushes contributed just with 6% of total C in biomass and necromass; whereas
necromass was the less important component (1-6%). These coffee plantations fixed a mean
of 2.3 Mg C ha-1year-1, with a maximum value of ~7.1 Mg CO2 ha-1year-1 under a shade of
30-40% (Figure 1b). Coffee plantations, especially with high shade, have a high potential of C
fixation and mitigate climate change.
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Figure 1.Impact of shade in carbon storage in total biomass and necromass (a) and fixation rate in
total biomass (b) in coffee plantations in three municipalities of Cundinamarca, Colombia. Error bars
correspond to standard error.
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Variation of soil microbial emissions in coffee agroforestry systems in
Veracruz, México

Avyala D." (diayalamontejo@gmail.com), Ramirez 1.2, Valdés E.2, Alegre J.?, Cruz J.*, Pérez E.*,
Quispe G.5

' Fitotecnia Department, Universidad Auténoma Chapingo, México, México; ?Fitotecnia Department,
Universidad Auténoma Chapingo, México, México; 2Soil Science Department, Universidad Nacional
Agraria La Molina, Lima, Peru; *Agroecology Department, Universidad Autdnoma Chapingo, México,
Meéxico; 3 DyG Solucion Bio-organica S.A.C., Lima, Peru

A high density of shade trees and varieties with high coffee cup quality characterizes the
coffee agroforestry systems in Mexico. However, in the last decade it has been affected by
leaf rust (Hemileia vastatrix), trade problems and low prices that lead producers to change
their varieties, reduce shade density and apply inorganic inputs. These decisions affected
the type and quality of organic matter and the microbial activity? that generated variations in
CO, emissions. The objective of the study is to show the effects of the decisions adopted by
producers to adapt to the problem of CO, emission generated by the soil microfauna (SM).
The study was carried out in Tlaxopla, Veracruz, in three farms as follows: 1) One farms re-
novated using leaf rust tolerant varieties, 2) Management with application of pruning, and
leaf rust control with application of inorganic fertilizers, 3) Traditional management. Three soil
samples were taken per farm and per depths of 0-10; 10-20; 20-30 cm, and microbial activity
was evaluated through the CO, content emitted by the SM. Results showed that on average
the farm (1) emitted a higher concentration of CO, at the three depths (1.5; 1.4; 1.4 mgCQ,.
Kg'soil.day) and the adopted decisions to renew with tolerant varieties enriched the soil
microfauna® with the generation of greater CO, emissions. However, concentrations of CO,
were in the range (1.4; 1.4; 1.4 mgCO,.Kg'soil.day) of emissions generated by farms with
traditional management' (3).
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Figure 1: Renovated farm with varieties tolerant to rust
Keywords: Microbial activity, Farms renovated, CO2 emissions.
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Managing soil organic carbon in grazing lands and its potential role in
climate change mitigation in Africa
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Grazing lands contain large amount of soil organic carbon (SOC) making them important to
mitigate climate change, improve water infiltration and storage, improve nutrient cycling, in-
crease land productivity and increase below and potentially above ground biodiversity, hence
improving livelihoods. The key determinants of SOC sequestration potential in grazing lands
in SSA are climate (rainfall amount and regime) and soil type. In general, it can be said that
i) mesic environments sustained grazing pressure is likely to lead to land degradation (and
therefore may cause SOC to decrease) and 2) in dry areas with high rainfall variability, land
degradation from sustained grazing may not be as apparent as grazing effects are overrid-
den by rainfall effects. We found no significant differences in SOC following two decades of
annual prescribed burning in Burkina Faso and three decades of avoiding livestock grazing
management in Ethiopia. There may be instances in which there are large social costs to SOC
sequestration and by making sequestration the primary goal, a situation could arise where the
social or economic burdens of the project could be greater than the climate change mitigation
benefits. Therefore, we recommend that SOC sequestration for climate change mitigation
should be treated as a co-benefit rather than the target of a project/ activity. Projects also
need to prioritize to avoid grazing land degradation and SOC losses in dry grazing lands which
have less carbon sequestration potentials. Gaps in our understanding of the determinants of
SOC sequestration potential were further discussed and general recommendations for future
projects and other activities addressing SOC sequestration in grazing lands highlighted.

Keywords: land degradation, drylands, climate change, mitigation, restoration.
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Soil C stocks in the sylvopastoral zone of Senegal as influences by trees
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Sahelian pastoral livestock systems are criticized for their high intensity of greenhouse gas
emissions (CO2, N20O, CH4) per unit of product combined with their negative impact on soil
and vegetation degradation caused by the trampling of animals, the overgrazing and the
uncontrolled sampling. However, interactions between soil and plants could mitigate this en-
vironmental impact by an increase in the levels and stocks of organic carbon (C) in soils. In
Senegal, some studies were conducted on the dynamics of C and C stocks in some areas of
the pastoral zone (Ferlo). However, these studies did not cover the entire sylvopastoral zone of
the Senegal. The main objective of this study is to determine the influence of the woody stra-
tum on the soil C content and to identify the environmental factors influencing the variation of
soil C stocks in the sylvopastoral zone of Senegal. Soil were collected in 15 of the soil control
sites of the Senegalese Ecological Monitoring Center (CSE). Soil samples were taken outside
and under tree crowns for the 0-10 and 10-30 cm soil layers. Sieved soil sample reflectance
was measured in the near infra-red range (NIRS) to predict soil C and N contents. The soil bulk
density was determined using the core method and soil C stocks calculated. Results showed
that C stocks in the 0-30 cm surface layers of these sandy soils varied from 9.29 to 29.72/
18.51 t.ha-1. Soil contents of C and N were higher under the crowns, and at 0-10 cm deep.
In addition, the soil C-to-N ratio was significantly higher under than outside tree crowns. In
the sylvopastoral zone of Senegal, the stocks of soil organic C increased along a North-South
gradient and were positively influenced by rainfall and leaf biomass of trees. From this study,
it appears that the tree impels the increase of the contents of C, N This content is also de-
pendent on the rainfall variability and organic matter production of the vegetation cover in the
Sahelian sylvopastoral zone.

Keywords: sahel, Soil Carbon, soil nitrogen, tree.
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The aims of this study were: (i) assess soil organic carbon (SOC) mineralisation potential as a
function of soil depth in an agroforestry (AF) plot compared to an agricultural plot (ii) estimate
the contribution of soil inorganic carbon (SIC) to CO2 emissions at different depths. Soils were
collected in an 18-year-old AF (tree rows and alleys) and in an adjacent agricultural plot. The
incubation comprised four soil replicates per location (control, tree row, alley) and per depth
(0-10, 10-30, 70-100 and 160-180 cm). Soil samples were moistened to reach field capacity,
at pF 2.5, and were then incubated at 20°C in the dark. The CO2 concentration and the 613C
of the CO2 were measured after 1, 3, 7, 14, 21, 28, 35 and 44 days. The microbial biomass
was measured at the end of the incubation. Decomposition rates were calculated, as well as
the metabolic quotient. The cumulated total CO2, SIC-derived CO2 and SOC-derived CO2
emissions were only significantly higher in tree row than in the alley or in the control plot at
0-10 cm. SOC decomposition rates decreased with increasing depth. Contributions of SIC to
total CO2 emissions according were comprised between 0.15 and 0.30 in topsoil layers and
between 0.50 and 0.70 in subsoil layers. The higher emission in the tree row at 0-10 cm was
related to a large amount of labile particulate organic matter. SOC did not seem to be more
stabilized in AF compared to the control. SIC-derived CO2 must be taken into account on
calcareous soils.
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Contribution of soil organic carbon (SOC) and soil inorganic carbon (SIC) derived CO2 to cumulated
CO2 emissions (ug C-CO2 g-1 soil) during the incubation. C= control plot, A= cropped alley, R: tree
row. Error bars are standard errors (N=4). The percentages represent the proportion of total CO2
emissions derived from soil inorganic carbon (SIC).

Keywords: alley cropping, silvoarable system, deep SOC, potential mineralization, metabolic
quotient.
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Spatial variation of earthworm communities and soil organic carbon
in temperate agroforestry

Cardinael R." (remi.cardinael@cirad.fr), Hoeffner K.2, Chenu C.2, Chevallier T.4, Béral C.5,
Dewisme A.2, Cluzeau D.?
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The aim of this study was to assess how soil organic C (SOC) stocks and earthworm commu-
nities were modified in agroforestry systems compared to treeless control plots, and within
the agroforestry plots (tree rows vs alleys). We used a network of 13 silvoarable agroforestry
sites in France along a North/South gradient. Total earthworm abundance and biomass were
significantly higher in the tree rows than in the control plots, but were not modified in the
alleys compared to the control plots. Earthworm species richness, Shannon index, and spe-
cies evenness were significantly higher in the tree rows than in the alleys. Total abundance of
epigeic, epi-anecic, strict anecic and endogeic was higher in the tree rows. Surprisingly, ear-
thworm individual weight was significantly lower in the tree rows than in the alleys and in the
control plots. SOC stocks were significantly higher in the tree rows compared to the control
plots across all sites. Despite higher SOC stocks in the tree rows, the amount of available C
per earthworm individual was lower compared to the control. The absence of disturbance (no
tillage, no fertilizers, no pesticides) in the tree rows rather than increased SOC stocks therefore
seems to be the main factor explaining the increased total abundance, biomass, and diversity
of earthworms. The observed differences in earthworm communities between tree rows and
alleys may lead to modified and spatially structured SOC dynamics within agroforestry plots.
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Distribution of earthworm mean total abundance in the four ecological categories at the different
agroforestry sites and modalities. C, Control; A, Alley; R, Tree row. Error bars represent standard
errors for total earthworm abundance. For the sites BO, RE, SUM, SM and VZ, the control plots were
not sampled for earthworms.
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Keywords: silvoarable system, alley cropping, earthworm abundance, earthworm diversity,
carbon sequestration.
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More diverse and stratified agroforestry systems are more efficient to fix carbon
Celentano D. (danicelentano@yahoo.com.br), Rousseau G., Cardozo E., Gehring C.
Agroecology, Maranh&o State University, S&o Luis, Maranh&o, Brazil

Multistrata agroforestry systems (AFS) are known to provide goods, protect biodiversity and
store carbon. Nonetheless, the role of tree diversification in the efficiency of the systems to
store carbon is not well documented. We evaluated the effect of tree species richness and
vegetation structure on aboveground biomass carbon in 25 AFS and 4 secondary forests from
Southern Amazon of Bolivia. Vegetation (trees, shrubs and herbaceous) and necromass (leaf
litter, branches and dead trees) were sampled in 1963 m2 circular plots. The relation between
biomass carbon, tree species richness and vegetation structure was evaluated through linear
and logarithmic functions. Variance partition by mean of partial redundancy analysis examined
the pure and share effects of tree richness and vegetation structure on biomass carbon.
Shaded coffee AFS had similar biomass carbon compared with old secondary forests. Overall
AFS tree richness had a strong positive relation with biomass carbon (r2 = 0.74; P < 0.001)
while, the partition analysis showed that tree richness, vegetation structure and variation of
the structure explained 85.7% of biomass carbon variation. These results suggest that more
diverse and stratified AFS use the resources more efficiently and therefore are able to fix more
carbon.
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Variance partition for carbon of the biomass aboveground (AGB) in agroforestry systems in
the Southern Amazon of Bolivia.
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Carbon sequestration in woody windbreaks and riparian buffers in eastern Quebec

Chauvette K." (katja.chauvette@stud.uni-goettingen.de), Vézina A.2, Boulfroy E.%, Khasa D. P*
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Since the 1980s, nearly 7 000 kilometers of woody windbreaks and riparian buffers have
been established in the province of Quebec to protect agricultural soils, crops, waterways,
livestock, roads and buildings. The establishment of hedgerows in agricultural areas is often
perceived as a loss of arable land for the producer, which constitutes a major obstacle to the
adoption of this practice. The demonstration that riparian woody buffers and windbreaks as
agroforestry practices can provide a new source of revenue through the sale of carbon credits,
which would offset the losses in arable land, could certainly be an important asset in convin-
cing producers to implement trees and shrubs on farmlands.

The carbon market created in Quebec in 2013 could constitute a financial incentive thanks to
emission rights. An adequate and rigorous assessment of the amounts of CO, sequestered by
the various types of afforestation/reforestation (A/R) projects is fundamental, considering the
imminent arrival of carbon offsets protocols for forest carbon sequestration.

The authors evaluated carbon sequestration potentials of indigenous tree and shrub species
in windbreaks and riparian buffers planted in 2004 within a project aimed at studying oppor-
tunities for non-timber forest products of 10 shrub species. Three shrubs, Aronia melanocarpa
(chokeberry), Physocarpus opulifolius (ninebark) and Viburnum trilobum (cranberry bush) were
selected because they are commonly used in agroforestry systems in Quebec. Furthermore
their vitality amongst the other shrub species seemed higher as their mortality rate of 10% was
comparably low. In both systems, we chose 6 sites for every shrub with 10 replicates each. A
nested sampling design was applied, where samples were equally collected from sandy soils
and clay soils.

In Mai 2018, each shrub was cut individually near ground level and fresh biomass was weighted
on site. After aboveground dry biomass was determined and carbon stocks at maturity were
calculated. In addition, SOC at 15 cm depth in windbreaks, riparian buffers and their adjacent
cultivated fields were estimated in September 2018.

There was a high variability of sequestered aboveground carbon, ranging from 0.1 kg C (choke-
berry and cranberry bush) to 14.5 kg C (ninebark) with an average of 2.6 kg C of carbon per
plant. Ninebark with 0.4 kg C to 14.5 kg C had the highest potential followed by chokeberry,
0.1 kg C to 5.3 kg C, and cranberry bush, 0.1 kg C to 5.4 kg C.

Windbreaks are more favourable than riparian buffer systems in terms of carbon sequestration
(p<0.001). Moreover sandy soils were leading significantly (p<0.01) to higher carbon stocks.
Considering only aboveground biomass, ninebark in a windbreak on sandy soils has the hi-
ghest potential. Nevertheless samples of SOC at 15 cm soil depth still need to be analyzed
and results will be presented during the oral presentation in Mai 2019.

Keywords: riparian buffer, windbreak, carbon sequestration, Quebec.
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Eucalyptus woodlots improve carbon sequestration in soils under
small holder farming in Zimbabwe

Choruma D." (dsrchoruma47@gmail.com), Mapurazi S.2, Mujuru L.2, Jimu L.

"Environmental Science, Bindura university of Science education, Bindura, Zimbabwe; 2Natural
Resources, Bindura university of Science education, Bindura, Zimbabwe

The planting of woodlots in small holder farming communities has been upheld as key in
supplying wood products while mitigating climate change in the face of widespread defores-
tation. A study was conducted in Wedza district of Zimbabwe to assess soil pH, bulk density
and carbon storage potential of three land use systems; maize field, Eucalyptus woodlot and
grassland 20 years after establishment of the woodlot. Soils samples were taken at 0-10,
10-20 and 20-30 cm, with replicates in each land use practice. Soil pH was not significantly
different among the three land uses whereas bulk density in the Eucalyptus woodlot and the
grassland were statistically similar. Soil organic carbon was significantly higher in the Euca-
lyptus woodlot (11 Mg/ha) than the grassland (5 Mg/ ha) and the maize field (1.4 Mg/ha). The
carbon stocks were significantly higher at 0-10 cm than the 20-30 cm depths in the Eucalyp-
tus woodlot whereas significantly higher carbon stocks were found at 20-30 cm in grassland.
Croplands had similar carbon stocks at all depths. Results show that Eucalyptus woodlots
increase the soil organic carbon and carbon dioxide storage than grassland and cropping
land and has potential to reduce carbon emissions to the atmosphere thus helping to mitigate
global warming. Inclusion of Eucalyptus woodlots in farmlands also contributes significantly
to the reduction of land degradation whilst providing fuel wood, timber and income to the
household.

SOC (Moha)
SOC (Mpha)
A

Landete Depth (cm)

(a) (b)

Carbon storage in three land use practices (a) up to 30 cm (b) at three depth intervals
over a 20 year period

Keywords: sequestration, Grassland, cropping system, agroforestry, carbon stocks.
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Plant Diversity, Ecological Services and Carbon Stock in Cocoa Agroforestry
lands of Forest and Savannah in Cameroon

Choungo P. B." (patrick_choungo@hotmail.fr), Jiofack R. B.2, Temgoua L.3, Mbouwe I. F.2,
Tchanou A. V.2, Tchoundjeu Z.4
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forestry Centre, (ICRAF), Yaounde, Cameroon

T. conophorum is used for diversification in cocoa agroforestry plantations. This study was
carried out in cocoa-based agroforestry systems in Mbam and Inoubou department, in Ca-
meroon. The study aimed at assessing the plant species diversity, ecological services, and
carbon sequestration potentials of diverse trees associated in cocoa agroforestry systems.
Nine sampling plots of 100 x 20m were established in cocoa agroforestry systems in three
villages. Our results registered the occurrence of 238 plant species grouped into 16 families
in the sampled area. Sterculiaceae, Burseraceae, and Moraceae were the three dominant fa-
milies. The species richness and diversity that were assessed using the Shannon index were
0.62, 0.66, and 0.68, respectively, while using the Simpson index, they were 1.421, 1.409,
and 0.349, respectively, for Mouko, Rionong, and Nyamsong 3. Carbon stock sink was also
estimated at 92.03, 55.18, and 46.83 Mg/ha. Carbon sink does not varies according to villages
(p-value = 0.368 > 0.1), height and Dbh are correlated. These results indicate a high flora diver-
sity in cocoa-based agroforests especially with respect to fruit trees where T. conophorum is
introduced. The amount of CO2/ha per village plots is estimated at 337.46, 202.32, and 171.71
tCO2/ ha. Then, the ecological services that should be paid according to 10 US$ per ton of
carbon are evaluated at 3374.6, 2023.2, and 1717.1 US$ to the owner of the selected farms.

One of the biggest stems of Tetracarpidium conophorum found in Rionong village in cocoa agroforests

Keywords: carbon sequestration, REDD+, agroforestry systems, climate change, mitigation.

References:
1. Amougou, J.A., Ebokona, B.L.D., Batha. R. A., Mala. A. W., Ngono. H. 2016. Regard suds,
ISSN-2414-
2. Jiofack, T.; Guedje, N.M.; Tchoundjeu, Z.; Fokunang, C. ; Lejoly, J. and Kemeuze, V. 2013.
Journal o

3. Sonwa D.J., Nkongmeneck B.A., Weise S.F., Tchatat M., Adesina A.A. & Janssens M.J.J.,
2007. Biodiver

4. Tchoundjeu. Z., Mbile. P., Asaah. E., Degrande. A., Anegbeh. P., Facheux. C., Tsobeng. A,
Sado. T.,

5. Termote C, Van-Damme P, Dhed’a Djailo B (2010). Ecology of Food and Nutrition 49(3): p 173-207

4* World Congress on Agroforestry 20-22 May 2019 Book of Abstracts 33
Strengthening links between science, society and policy Le Corum, Montpellier, France



Agroforestry 2019 - Poster L1 Mitigating CC

Spatial gradient of soil decomposers’ activities in a Mediterranean
agroforestry system

Guillot E." (esther.guillot@gmail.com), Hinsinger P.", Dufour L.2, Bertrand I.!
"INRA UMR Ecoé&Sols, Montpellier, France; 2INRA UMR System, Montpellier, France

In alley-cropping agroforestry systems, contrasted litters from the intercropped annual and
perennial plants are more or less mixed in the field. Our aim was to unravel the drivers of C,
N and P mineralization in such a heterogeneous agroecosystem. We hypothesized that there
is a spatial gradient of functional capacity of decomposers perpendicular to the tree line and
that litter would be the most decomposed under the tree row. We thus conducted an in situ
experiment for 7 months at Restinclieres (France) with walnut trees intercropped with peas/
cereals. We placed litterbags made of a mixture of pea and walnut leaves, or each of the two
separately, on the tree row, at 1.5 and 5.25 meters away from it. After 2, 4 and 7 months, we
measured soil microbial activity, litter quality and mass loss. Our results showed a significant
effect of litter quality on both decomposition rates and microbial biomass C, N, P contents.
Soil decomposers on the tree row appeared to be less efficient for litter decomposition than
those in the interrow, based on relationship between C-enzymes activities and litter mass loss.
We assumed that these decomposers feed on other C-sources available under the tree row
to maintain a high turnover and biomass, which could explain the higher absolute C-enzyme
activities. The position in the agroforestry plot was the main driver of soil decomposers’ acti-
vities, whatever the added litter type.
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as a function of cumulative C-enzymes produced between 52 and 188 days, for walnut leaves
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one litter type.
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Phytoremediation and Agroforestry- mitigation of climate change, poverty
reduction and cleaning of soils

Haller H. (henrik.haller@miun.se)
Department of Ecotechnology, Mid Sweden University, OSTERSUND, Jamtland, Sweden

Many edible crops grow well even on extremely contaminated soil and such plants can be
used for soil remediation. Reclaiming sites that are traditionally rejected for food production
such as urban sites, deserts and even contaminated land may be one way to increase food
production, without expanding the agricultural frontier. If integrated in agroforestry systems
and conducted in a controlled manner, cultivation of crops, that absorb contaminants in its
tissue without translocation to the edible parts, can potentially enable farmers to obtain an
income source at the same time as their soils are remediated. Numerous health risks are in-
volved with growing food on contaminated land. A considerable amount of the world’s food
supply, especially in developing countries, however, is presently grown on contaminated land,
often unsuspectingly and without measures to avoid health risks. With thorough knowledge
about the planted crop’s bioaccumulation and translocation patterns, efficient remediation
programs can be designed that give economic incentives to landowners and avoid that consu-
mers are exposed to toxic levels of contaminants. This study shows that such systems may
be lucrative and can clean the soil at the same time as carbon is sequestered. Calculations
with the modelling software CO2FIX with a runtime of 100 years showed that agroforesrety
systems with bioremediation capacity based on Tectona grandis and Pogostemon cablin (S1)
Erythrina poeppigiana and Ricinus communis (S2) may sequester as much as 217 MgC/ha
(S1) and 71 MgC/ha (S2).

Keywords: Agroforestry, Phytoremediation, Carbon Sequestration, Bioremediation, Poverty
reduction.
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New agroforestry on European ecosystem service deficit farmland can compensate
up to 43% of agricultural GHG emissions

Herzog F.! (felix.herzog@agroscope.admin.ch), Kay S.', Roces-Diaz J.!, Crous-Duran J.2,
Giannitsopoulos M.3, Graves A.3, den Herder M.#, Moreno G.%, Mosquera-Losada R.5,
Pantera A.7, Palma J. H.2, Paracchini M.-L.8, Rega C.8, Rolo V.5, Rosati A.%, Smith J.°,
Szerencsits E.’
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Landscapes with a high share of agroforestry provide more regulating ecosystem services
than landscapes dominated by conventional agriculture (Kay et al. 2018). Yet, which type of
agroforestry to recommend depends on local and regional conditions and there may be re-
gions where there is a higher need for agroforestry than others.

We identified European farmlands where several ecosystem service (ES) deficits occur at the
same time (soil erosion, low soil organic carbon and biodiversity, nitrate surplus, irrigation, low
pest control and pollination potential). Aimost ten percent of arable and grassland had more
than five and four stacked deficits, respectively (Figure 1). In those areas, the introduction of
agroforestry can help to reduce ES deficits. We propose 64 candidate agroforestry systems,
which are locally adapted and attractive for farmers. They range from lines of trees around
arable plots to relatively densely planted silvo-arable and silvo-pastoral systems.

As an example for the reduction of ES deficits, we modelled the potential carbon sequestra-
tion of each candidate agroforestry system. The conversion of the 140,000 sgkm of priority
farmland to agroforestry would sequester - depending mainly on the tree species and density
- between 2 and 64 10° t of carbon per year in above and below ground biomass. This would
correspond to up to 43 percent of the European greenhouse gas emissions attributed to the
agricultural sector.
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Figure 1. Implementing agroforestry on the 8.9 percent of European farmland with the highest deficit
in ecosystem services would compensate up to 43 percent of European agricultural GHG emissions.

Keywords: Carbon mitigation, Greenhouse gas, Arable farmland, European grassland.
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Soil Carbon fractioning in Chestnut tree forests

Mosquera-Losada M. R. (mrosa.mosquera.losada@usc.es)
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Soil Carbon fractioning in Chestnut tree forests

Mosquera-Losada MR1, Ferreiro-Dominguez N1, Silva-Pando FJ 2, Rodriguez-Rigueiro J1,
Arias-Martinez D1, Santiago-Freijanes JJ, Rigueiro-Rodriguez A1,

1University of Santiago de Compostela, Spain; 2 Centro de Investigaciones Forestales de
Lourizan, Spain; 3 SERIDA, Spain; 4NEIKER

Nowadays, the lack of profitability of some chestnut stands linked to the high amount of man
power needed to harvest the chestnut fruits in high step mountain areas. A good option to in-
crease profitability of these areas is to rare animals to use fruit as feeds. Most of the mountain
chestnut stands are associated to less favored areas where autochthonous breeds are able
to survive and even procreate due to the adaptation they have to these difficult environments.
An INIA National Project was funded by the Spanish Ministry of Agriculture to evaluate two
stocking rates in four different scenarios located in the Galicia, Asturias and Vasque Country.
An initial sampling was done to evaluate the soil capacity of storing Carbon in the different
conditions. Carbon fractioning was conducted in order to evaluate the persistence of carbon
in the soil linked to macro and micro (lime plus silt) fractions. A good relationship between
the C stored in soil and the C in each fraction was highly correlated with the exception to that
linked to microagregates, which can indicate the difficulty of C to be stored in long term stock
particles (Figure 1).

Figure 1. Total and Fraction C relationship in four chestnut stands of North Spain.

Keywords: C fractioning, macroagregates, microagregates.
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The CENTURY Model as a tool to study the Soil Carbon dynamics in
Agroforestry and Teak plantations of Kerala, India
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The objective of the study is to evaluate the suitability of CENTURY model to depict Teak
plantations with silvicultural practices that are being converted to an agroforestry practices
(Teak trees and Ginger Cultivation) in the Western Ghats of Kerala. The existing Teak plan-
tations of different age classes were selected for studying the soil carbon dynamics of teak
monoculture in the forest divisions (Fig1). The validation was conducted by comparing the
simulation results to analyzed statistical data from the field measurements of carbon stocks
in Tectona grandis stands 0-5, 06—10, 11-20, 21-30 and above 30 years old.The CENTURY
model simulated the total Soil Organic Carbon in conversion of Tectona grandis plantation to
agroforestry system was observed to decline from 2864.40 to 2577.63 g C m-2at a period of
7 years. Then the values increased and stabilized at 2546.43 g C m-2at the age of 30 years.
The active carbon pool declined from 11.86 to 2.07 g C m-2at a 5 year period, and then slowly
increased to 11.05 g C m-2at the 32nd year of simulation. The slow carbon decreased from
931.94 to 695.10 g C m-2at the age of 8 years, after which it proceeded to increase slowly to
780.97 g C m-2at the end of 30 years. However the passive carbon pool exhibited a decrease
from 1907.30 to 1743.92 g C m-2at the end of the simulated period. It can be concluded that
SOC data from soil monitoring database can, as a part of SOC modeling, also serve for pre-
dicting of future SOC stock.
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Figure.1 Location map of experimental sites

Keywords: CENTURY Model, Soil Carbon Dynamics, Agro-forestry, Tectona grandis,
Western Ghats.
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Carbon stock potential of smallholder agroforestry parklands in Burkina Faso:
Way forward for REDD+ implementation
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Agroforestry play an important role in climate mitigation trough atmospheric carbon removal
by trees photosynthesis activities but the carbon sequestration potential of smallholders agro-
forestry parkland are not well documented in Burkina Faso. Therefore, agroforestry parkland
of smallholders’ farmers in three climatic zones of Burkina Faso was studied. Thirty (30)
household farmlands in each climatic zone representing about 35 ha were selected on which
systematic woody species inventory and dendrometry data collections were undertaken.
Non-destructive method using fitted allomectrics equations were used to compute carbon
stock and to estimate equivalent dioxide carbon. Sustainability analysis of carbon sequestra-
tion potential was done using [0-10], ] 10-40] and ]40-110 cm] diameter classes respectively
as long term , medium term and short term capability of agroforestry parklands to sequester
the carbon. The balance between marketable carbon value and the trade-off resulting from
tree conservation and major crop (millet, red sorghum and white sorghum) value was also
analysed. The results revealed 24.71+ 5.84 tCO2ha-1, 28.35+ 5.84 tCO2ha-1 and 33.86+5.84
tCO2ha-1 respectively in Ouahigouya, Sapouy and Bouroum-Bouroum. Ouahigouya earned
the first place for long term carbon sequestration potential with 1.82% of total amount of
carbon. The medium term analysis give the first place to Sapouy with 71.71% of total amount
of carbon and the short term analysis give the first place to Ouahigouya with 68.03%. The
marketable carbon value was less than the trade-off value resulting from trees keeping and
crop production value. The balance analysis revealed that carbon payment system promoted
by REDD+ initiative will be profitable and compensable to smallholder farmers effort to keep
tree when the tCO2 /ha price will be around 4 US$. By taking into account farmers, interests,
profitability on carbon market will be the most relevant incentive method to enhance carbon
stock in agroforestry parkland in order to meet Paris agreement.

Keywords: trade-offs, corbon dioxide, smallholders, Agroforestry parland, REDD+.
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Carbon assessment for Robusta coffee systems across an intensification gradient

Nguyen N." (d.n.nguyen@cgiar.org), Tiffany T.!, Ldderach P.', Vaast P.2, Ortiz D.3

"Decision and Policy Analysis, CIAT, Hanoi, Vietnam; 2UMR Eco&Sols, CIRAD, Montpellier, France;
8Plant and Environmental Sciences, University of Copenhagen, Copenhagen, Denmark

Introduction

The objective of this study was to compare the carbon trade-offs of different coffee systems
via quantification of carbon stock and greenhouse gas (GHG) emissions.

Materials and methods

Six coffee systems of shaded and unshaded (highly intensive, in terms of input use), shaded
with exotic and native native trees (moderately intensive), and low and high shade tree den-
sity (least intensive) from Vietnam, Uganda and India, respectively, were compared. Carbon
(C) stock was calculated from tree height, diameter, and wood density extracted from ICRAF
database (http://db.worldagroforestry.org/wd) using allometric equations partly developed by
Chave et al. (2014). GHG emissions were calculated from data on soils, fertilizer use, crop
residues, energy use, and transportation of inputs and outputs using CoolFarmTool, an online
GHG calculator (Hillier et al., 2011).

Results and discussion

The study showed that, higher carbon stock systems , did not significantly reduce Robusta
coffee green bean yield (2.4 vs 2.6 tons ha in shaded and unshaded coffee systems, Viet-
nam; 1.06 vs 1.04 tons ha™' in shaded systems with exotic and native shade trees, India) while
helped increase significantly carbon stock compared to unshaded systems (e.g., 15.2 tons
carbon ha’', Vietnam). The additional carbon was achieved by growing primarily with fruit trees
in Vietnam (85 trees ha™, contributing 15.2 tons C) and in India by maintenance of an agrofo-
restry system with native shade trees (up to 245 trees ha, contributing 77.6 tons C) or exotic
(Grevillea robusta) shade tree species (397 trees ha™', contributing 47.5 tons C).

The study also revealed that the GHG emission per unit product of systems in Vietham (3.46
- 3.98 kg CO,e kg™) are not significantly higher than those in India (3.09 - 3.13 kg CO.e
kg™), despite a much higher GHG emission per ha (7.5 vs 2.4 tons CO,e ha”, respectively)
resulted from a significantly (3-fold) higher application of inorganic fertilizers, the main GHG
contributor, in the former systems than the latter ones (around 2 tons ha™ vs 0.7 tons ha™,
respectively). This results from the higher yield of coffee systems in Vietham, which compen-
sates for the effect of GHG emission when measured per unit product. That coffee systems
of Uganda had low GHG emissions (0.72 kg CO,e kg™) in spite of negligible inorganic fertilizer
use (on average 5kg ha) is explained by extremely low yields (0.86 tons ha™). This may imply
a trade-off effect in that a higher application of inorganic fertilizers increases coffee yield but
simultaneously creates a negative environmental effect via higher GHG emissions.
Conclusion

The introduction of shade trees to coffee systems of different input intensification helps pro-
vide significant carbon sequestration service while not significantly reducing coffee bean yield.
Application of more inorganic fertilizers help increase coffee yield but must be optimized
against the trade-off of causing higher GHG emissions.

Keywords: GHG emissions, Carbon stock, Robusta coffee, Input intensification.
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Farmers’ greenhouse gas balances in diverse agroforestry systems in Madagascar
targeting climate change mitigation
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Agroforestry is one of the most important options suggested to smallholder farmers living
around protected forest area to reduce deforestation and soil erosion. The objective of this
study was to make an impact assessment of agroforestry systems on greenhouse gas (GHG)
balances. In order to assess the GHG balance of the farming system, using a carbon footprint
approach, we considered all agricultural activities existing at each farm scale including agrofo-
restry plots, rice plots, livestock, fertilizations and energy consumptions. In 2018, a survey was
carried out on 15 households of about 2.7 ha each to collect information characterizing each
farming system. The results showed two main agroforestry practices. The first system is an
agroforestry based on Naturally occurring Tree Species (NTS), i.e. annual crops were planted
in a forest dominated by native trees species. The second system is an agroforestry based
on actual annual crop fields where Fruit Trees have been Planted (FTP). The results showed
that the average carbon footprint of the farmers adopting NTS was about -3.7 tCO,eqg.ha.
yr" while it was estimated to -1.4 tCO,eq.ha".yr" for those adopting FTP. The agroforestry
system based on NTS sequestered more GHG (-15.36 tCO,eq) at farm scale compared to FTP
(-1.47 tCO,eq) due to tree species diversity and density plantation. This study highlighted the
important contribution of agroforestry to improve GHG balance of smallholder farmers.

Greenhouse gas emission and sequestration at farm scale
adopting agroforestry practices (n= 15 farms)

Energy consumption

Agroforestry biomass . e——
Livestock manure management [~
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13 11 -9 7 s 3 1 1 3 5
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Greenhouse gas balances of farms adopting agroforestry practices in Moramanga, Madagascar
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Impact of agroforestry on soil organic carbon sequestration in Madagascar
using synchronic and diachronic approaches
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Agroforestry is known to be an opportunity to sequester carbon in soil and biomass leading
to climate change mitigation. It provides also multiple benefits for farmers (additional incomes
and sustainable land management). However, agroforestry impacts on soil organic carbon
(SOC) sequestration rate are rarely documented in tropical regions due to the lack of long-
term field experiments. This study aimed to quantify (i) SOC storage in agroforestry systems
(AF, fruit trees inside staple crop plot) compared to traditional farming practices (TFP, staple
crop only) and fallow land (FL, grass land) for synchronic approach (year 2018), and (ii) SOC
accumulation rate under AF over 4 years (2014 to 2018) for diachronic approach. Soil sampling
was conducted over 36 farmers’ plot, at 3 soil depth (0-10, 10-20 and 20-30 cm) and over the
2 dominant soil types, ferralsols and andosols. Results showed that SOC stocks in AF was
significantly higher (109 MgC.ha) than TFP (61 %) and FL (61%). The diachronic method
showed an effective SOC accumulation rate up to 3 MgC.ha'.yr" for AF, with a slightly less
accumulation rate in andosols, reflecting SOC saturation effect. High value of SOC sequestra-
tion on AF was due to an important organic fertilization supply (12 tons.ha.yr' of manure)
and trees density (500 feet.ha™) feeding the soil biomass. This study confirmed the important
role of AF to sequester carbon in the soil at farmer scale meeting widely the objectives of the
4 %o Initiative.
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Soil € sicks (MgC Ha™)

]

Agricultural practices

Soil carbon stock comparison (0-30 cm) under agroforestry system (AF), traditional farming practices
(TFP) and fallow land (FL)

Keywords: Accumulation rate, farmer, fertilization, soil types, system.

4* World Congress on Agroforestry 20-22 May 2019 Book of Abstracts 42
Strengthening links between science, society and policy Le Corum, Montpellier, France



Agroforestry 2019 - Poster L1 Mitigating CC

Making trees count: MRV of agroforestry under the UNFCCC
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Agroforestry—the integration of trees with crops and livestock—is not mentioned explicitly in
the UNFCCC'’s Koronivia Joint Work on Agriculture. However, agroforestry generates many
benefits directly relevant to the topics addressed, including: (i) building resilience, (ii) increa-
sing soil carbon and improving soil health, (jiii) providing fodder and shade for sustainable
livestock production and (iv) diversifying human diets and economic opportunities. Despite
its significance, agroforestry may not be included in measurement, reporting and verification
(MRV) systems under the UNFCCC. Here we report on a first appraisal of how agroforestry
is treated in national MRV systems under the UNFCCC. We examined national communica-
tions (NCs) and Nationally Determined Contributions (NDCs) of 147 countries, 73 countries’
REDD+ strategies and plans, and 283 Nationally Appropriate Mitigation Actions (NAMAs) and
conducted interviews with representative of 17 countries in Africa, Asia and Latin America.
Our assessment found that there is a significant gap between national ambition and national
ability to measure and report on agroforestry. Forty percent of the countries assessed expli-
citly propose agroforestry as a solution in their NDCs, with agroforestry being embraced most
widely in Africa (71%) and less broadly in the Americas (34%), Asia (21%) and Oceania (7 %).
Seven countries have proposed 10 agroforestry-based NAMAs. Of 73 developing countries
that have REDD+ strategies, about 50% identify agroforestry as a way to combat drivers
of forest decline. Despite intentions, however, agroforestry is still not visible in many MRV
systems. For example, though 66% of the countries reported non-forest trees in national in-
ventory, only 11% gave a quantitative estimate of number of trees or areal extent. Interviews
revealed a suite of definitional, institutional, technical and financial challenges preventing more
comprehensive and transparent inclusion of agroforestry in MRV system. This absence has
serious implications. If such trees are not counted in inventories or climate change programs,
then in many ways they don’t count. Only if agroforestry resources are measured, reported
and verified will they gain access to finance and other support. The paper will discuss finding
of the assessment, successes and specific Investments needed to help ability match ambition.

Keywords: agroforestry, MRV, mitigation, adapation.
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“Faidherbia-Flux”, an open observatory for GHG balance and C stocks in a
semi-arid agro-sylvo-pastoral system (Senegal)
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The mitigation of climate change by agro-sylvo-pastoral systems is complex to assess or
model, owing to high spatial and temporal heterogeneities.

We set a new long-term observatory up for the monitoring and modelling of microclimate,
GHG and deep SOC in a semi-arid agro-sylvo-pastoral system (Niakhar, Sénégal), dominated
by the multipurpose Faidherbia albida tree. Crops were mainly millet and peanut, under annual
rotation. Transhumant livestock contributed largely to manure, SOM and soil fertility.

Early 2018, we installed 3 eddy-covariance towers above (i) the whole mosaic, (ii) millet and
(iii) peanut and monitored energy, CO2 balance and evapotranspiration for one full year. The
mosaic ecosystem displayed low but significant CO2 and H20 fluxes during the dry season,
owing to Faidherbia in leaf (Fig. 1). When rains resumed, the soil bursted a large amount of
CO2. Just after the raising of millet, CO2 uptake by photosynthesis increased dramatically,
then stabilized before harvest. However, this was compensated by large ecosystem respira-
tion. The annual ecosystem CO2 balance was close to nil.

This observatory is currently installing soil chambers for GHG fluxes, studying the horizontal
variability of SOC by Vis-NIR and of deep soil roots and C using wells. Microclimate (land sur-
face temperature, energy balance and gas exchanges) and light-use-efficiency will be mapped
through 3D modelling (Charbonnier et al., 2017; Vezy et al., 2018).

This observatory is open for collaboration.

SN-Nkr: Net Ecostem Exchange of CO,
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Fig. 1: The Net Ecosystem Exchange (NEE) of CO2 (or CO2 flux, negative = uptake during the day; posi-
tive = release at night) was very weak during the dry season, maximum photosynthesis (GPP) around 10
mmolCO2 m-2 s-1 and maximum ecosystem respiration (Re) around 1.5 mmolCO2 m-2 s-1. GPP was
from Faidherbia trees only at that time. Just after the “Haboob”, a large CO2 burst was recorded with slow
decay during more than one week or so. Other CO2 peaks in July correspond to smaller rain events. Early
August, millet NDVI took off, followed by a large CO2 uptake, but also ecosystem respiration. [Fluxes filte-
red out for wet sensor, Planar-fitted, WPL and spectral corrected, quality checked. Gaps are due to power

failure. Grey dots are from gap-filling according to Lasslop et al. (2010)]

Keywords: Eddy Covariance, Faidherbia albida, Millet, GHG balance, SOM.
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Modeling the effects of climate change and management on carbon
sequestration in agroforestry systems in Kerala, India
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Agroforestry systems in the humid tropics have the potential for high rates of production and
large accumulations of carbon (C) in plant biomass and soils, and thus may play an important
role in the global carbon cycle. Many factors, including crop species composition, manage-
ment, and climate change could influence the extent to which agroforestry systems sequester
C, but the relationships among the factors are complex. The objective of this study was to eva-
luate the relative effects of individual factors on C stocks in soil and plant mass in agroforestry
systems in Kerala, India. We used CENTURY, a general model of plant-soil nutrient cycling,
parameterizing the model for this region. We then conducted simulations to investigate the
effects on C stocks in aboveground biomass and soil under four experimental scenarios: 1)
Change in crop system; 2) Differences in soil types; 3) Increase in temperature above 20-yr
means; and 4) Change in tree species. All of the factors influenced the simulated soil C stocks,
whereas C in aboveground biomass was relatively little influenced by increasing temperatures
and soil type under these scenarios. The significance of these findings is that if carbon trading
schemes were to be initiated in Kerala, it is apparent that a variety of factors can potentially
influence the actual amount of C sequestered in Kerala agroecosystems.
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Fig. 1. Predicted organic carbon in aboveground biomass and soil (0-20 cm) in Kerala agroecosys-
tems under four scenarios modeled with CENTURY, a process-based model. 1) Under the ‘Change
in Crop System’ scenario, both diversity and management were varied. ‘Mixed’ systems contain
annuals and trees. A ‘++’ indicates additions of manure and irrigation water and ‘00’ indicates no
additions. 2) Under the ‘Difference in Soil Type’ scenario, the sand fraction was varied from 0.1 to 0.7
in the ‘Mixed, ++’ system. 3) Under ‘Increase in Temperature’, minimum and maximum temperatures
were increased above the current 20-y means, as indicated, also in the ‘Mixed ++’ system. 4) The
effect of ‘Change in Species’ of trees was simulated by increasing the production capacity and tissue
lignin contents in the ‘Trees 00’ system. Species ‘C’ is the default tree (LUQD) in CENTURY.

Keywords: Carbon sequestration, CENTURY model, Soil carbon, Tree species, Climate
change.
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From the old agroforestry systems of the modern high-density olive groves:
which Carbon sequestration?

Sala G." (giovanna.sala@yahoo.it), Brunori A.2, Caruso T.3, Dini F.2, Marra F. P.3, Proietti P.#,
Regni L.4, La Mantia T.3

"Agrarian-Technological Institute RUDN, Russian University of Peoples Friendship, Moscow, Russia;
2PEFC Italy, Perugia, Italy; *SAAF, University of Palermo, Palermo, Italy; * DSA, University of Perugia,
Perugia, Italy

Olive tree (Olea europaea L) represents one of the most important evergreen tree species.
In Sicily agroforestry systems based on the olive tree, named tTraditional olive orchard, are
common and often are grown together to other tree crops, such as vineyards, or with ce-
reals or forages. This last are usually grown in the interspace between rows and particularly
in olive groves were planting density is rather low (less than 200 trees/ha). To increase crop
efficiency and to reduce costs of harvesting, by using proper machines, in the last 20 years in
the olive industry have been developed new planting systems: Intensive (up to 400 trees/ha),
and the Superintensive (up to 2000 trees/ha). Within the project LIFE15 OLIVE4CLIMATE has
been evaluated the balance, in terms of biomass and of carbon sequestration, for the above
olive orchards systems. The biomass of orchard was evaluated both in the above- and in the
below-ground tree components. The dry matter of the vegetation removed by pruning was
evaluated as well. The enlargement of trunk cross sectional area, the dry matter accumulated
in the cover crop and the root biomass were measured as well. By the data currently collected
resulted that carbon sequestration efficiency in the Traditional olive orchards is greater than
in the Superintensive ones and this, affects the carbon sequestration efficiency in the two
orchard systems studied.

Keywords: carbon balance, carbon sequestration, olive biomass, Traditional olive grove, In-
tensive and Superintensive olive grove.
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The problem of phased changes in the humus status of soils under shelterbelts
in agroforestry landscapes
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The study of shelterbelts in agroforestry landscapes includes a range of issues and tasks,
solutions of which are aimed at a deeper knowledge of patterns for environmental changes.
Changes in soil properties as a result of planting and long-term functioning of artificial forest
plantations are of great interest. One of the most important aspects of this research is the
assessment of shelterbelt contributions to carbon sequestration by soils. Our studies on the
Great Plains (USA) and Central Russian Upland of Russia (6 key sites were studied) show
the high probability of the accumulation of soil organic matter or humus in the surface meter
of soil under the shelterbelts, which ranged from 21 to 70 years old (Chendev et al., 2015).
However, we have reason to believe that this process has a stage character, i.e. accumulation
of humus in soils under shelterbelts does not occur indefinitely. Sauer et al. (2012) observed
an increase in soil organic carbon (SOC) accumulation in the surface 30 cm of soil at 4 loca-
tions in lowa under artificial forest plantations up to tree age of 30 years. At tree age of 50
years the rate of SOC accumulation decreased to a lower rate similar to the early years of tree
growth. Study of young shelterbelts aged 20-30 years at the Kamennaya Steppe in Russia in
the 1920s confirmed the accumulation of organic matter in soils under the shelterbelts (Tumin,
1930). However, research in the same areas conducted in the 1990s - 2010s showed no
differences in organic matter stocks in the soils of old-growth (~100 years) shelterbelts and in
the adjacent background steppe areas (Kaganov, 2012; Prikhod’ko et al., 2013). Researchers
noted that as a result of the Late Holocene forest expansion on grasslands in Europe (due to
natural changes of climate), fertile Chernozem soils (in the US - Mollisols) transformed into
less fertile Luvisols (according to the American Soil Classification - Alfisols) (Chendev et al.,
2018). Thus, the accumulation of humus in soils under shelterbelts can occur during the first
decades after planting and then may be followed by a change in soil evolution including po-
tential degradation. Our working hypothesis requires further research that can solve an impor-
tant fundamental soil-geographic problem, which consists in developing the concept of “soll
formation factors — soil formation processes — soil properties”. Additional SOC characteri-
zation including permanganate oxidizable carbon (POXC) was used to further interpret SOC
distribution. Soil cover type had an insignificant effect on POXC at two sites in Russia but at a
third (Yamskaya) it had a very significant effect. Depth had a significant effect on POXC at all
sites (P= 0.026; <0.001 and 0.03 for Streletskaya, Yamskaya, Kamennaya, respectively). The
system of “shelterbelt-soil” can act as a controlled model of interaction of soils and factors of
their formation, the parameters of which are specified in a space-time dimension.

Keywords: soil organic carbon, humus, shelterbelt, carbon sequestration, POXC.
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Effect of red cedar windbreaks on soil carbon and quality in the U.S. Great Plains
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Targeting marginal lands for woody bioenergy production avoids some of the competition for
food production and may improve soil health, the local microclimate and provide other eco-
system services. The objective of this study was to evaluate the effect of eastern red cedar
(Juniperus virginiana L.) windbreaks on soil quality in the U.S. Great Plains. Eastern red cedar
has great potential for bioenergy production due to its adaptability to a wide range of soil and
climate conditions and the physical and chemical characteristics of its biomass. Nine sites
were selected from latitudes 41-47 deg N and longitudes 94-103 deg W with MAP from 425
to 970 mm and MAT from 4.9 to 9.9 deg C. Tree age varied from 22 to 59 years. Ponded infil-
tration (twin ring technique) and penetration resistance at 2.5 cm increments to 30 cm (digital
static cone penetrometer) were measured at 9 locations under the trees and in adjacent fields
(crop, pasture, or hay). Soil samples were collected for carbon, bulk density, pH, and nutrient
analyses. Infiltration rate was greater and penetration resistance lower under tree cover at
most sites. Soil organic carbon (SOC) to 30 cm depth averaged 0.92 kg m? (16.8%) greater
under trees as compared to adjacent land use. Improvements in soil quality following tree
planting for bioenergy feedstock production may allow some marginal lands to be converted
back to crop or forage production at a higher level of productivity.
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Soil organic carbon (SOC) stocks under red cedar and adjacent crop fields and tree biomass growth
with changing mean annual precipitation (MAP).

Keywords: soil organic carbon, infiltration, root penetration resistance, aboveground biomass
growth.
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Dynamic agroforestry: food, fertile soil and mitigation of climate change

Stadler-Kaulich N." (nstadlerkaulich@gmail.com), Azero A. M.2, Kuonen L.%, Ungar B.4, Végerl J.°,
Sandoval S.2

"Mollesnejta-Center of AndeanAgroforestry, Combuyo, Cochabamba, Bolivia; 2UCB- Universidad
Boliviana Catolica, Cochabamba, Bolivia; *HAFL, Bern University of Applied Sciences, Zollikofen,
Switzerland; * Technische Universitdt Mdnchen, Miinchen, Germany; SU of Applied Sciences Rhine-
Waal, Kleve, Germany

The loss of soil fertility at the global scale is alarming, as are the impacts of climate change.
Conventional agriculture practices are reducing the organic matter content of soil as well as
the soil’s capacity to regenerate nutrients to a minimum. In order to ensure food security in
the future, sustainable agriculture techniques have to be promoted. These techniques should
not only be productive, but also build soil fertility in the long term. At Mollesnejta- Centro de
Agroforesteria Andina, we apply dynamic agroforestry measures in combination with two
agroecological techniques, with the goal of improving soil quality: (a) Activated Biochar and (b)
Ramial Chipped Wood (RCW). Pruning material sourced from pruning in agroforestry systems
was used as a soil amendment through both techniques. The presentation will describe the
benefits of Activated Biochar and RCW and discusses their preparation and application to the
soil, where both act as long-term carbon sink. Also, are provided the results of the experiences
obtained at Mollesnejta- Centro de Agroforesteria Andina after using these techniques. Both
techniques proved to be effective at improving soil fertility and the capacity of rainwater sto-
rage. In combination with their impact as carbon sink it would be reasonable to intensify the
practice of dynamic agroforestry

Organic material of pruning is transferred to biochar, which activated with manure and urine
of compost/dry-toilets becomes TerraPreta; this is applied into the soil to increase the fertility
and the capacity to store the rainwater and at the same time act like a carbon sink during
several hundreds of years.

Keywords: dynamic agroforestry, biochar, terra preta, chipped wood, mitigation of climate

change.
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Do agroforestry practices on peatlands in Indonesia support climate
smart agriculture?

Tata H.! (hl.tata@gmail.com), Adinugroho W.2

'Silviculture, Forest Research & Development Center, Bogor, Indonesia; 2 Biometrics, Forest Research
& Development Center, Bogor, Indonesia

Climate Smart Agriculture (CSA) is defined as an approach for transforming and reorienting
agricultural development under the new realities of climate change. CSA is an agriculture
practice that sustainably increase productivity, enhances resilience (adaptation), reduce Green
House Gasses (GHGs) emission and enhance achievement on national food security and Sus-
tainable Development Goals. Agroforestry on peatlands may challenge two factors of mitiga-
tion and improve productivity. Higher productivity on peatlands may lead to increase GHGs.
On the other hand, reduce GHGs may not improve productivity. Agroforestry on peatlands in
several places in Indonesia provides economic benefit for the community. Various agriculture
commodities, such as pineapple, aloe vera, vegetables, corns, and others, have been planted
on peatlands, which give cash income for farmers. However, farming practice on peatlands
is quite different with farming practice on minral soils. Farmers has to do trenching in order to
reduce water level, which increase GHGs emission. This manuscript will show review results
from several published and unpublished papers based on the studies that have been conduc-
ted in Indonesia. Agroforestry practices on peatlands supported local livelihood, however,
it may not suitable for mitigating the climate change. Appropriate technology on managing
peatland is necessary to improve climate smart agriculture on peatlands.

Keywords: climate change, mitigation, GHGs.
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Carbon dynamics within four black walnut alley cropping sites across
Missouri and Arkansas, USA

Thomas A." (thomasal@missouri.edu), Kallenbach R.2, Sauer T.3, Brauer D.4, Burner D.5,
Coggeshall M., Dold C.3, Rogers W.¢, Bardhan S.5, Jose S.”
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Bushland, TX, USA; SDBSFRC, USDA-ARS, Booneville, AR, USA; ¢ Center for Agroforestry, University
of Missouri, Columbia, MO, USA; " The School of Natural Resources, University of Missouri, Columbia,
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Agroforestry and alley-cropping systems that integrate useful long-lived trees with crops or
livestock have been proposed to help mitigate the accumulation of fossil fuel-derived carbon in
Earth’s atmosphere. Black walnut (Juglans nigra) is frequently planted and cultivated in North
America both for its valuable lumber and its unique edible nuts, and is highly amenable to the
introduction of understory crops or livestock in well-managed agroforestry systems. However,
little is known about carbon assimilation in black walnut trees, including the amounts and loca-
tions of carbon assimilated into lignocellulosic tissues. Forty black walnut trees from four sites
across the midwestern USA were destructively harvested, and biomass, % carbon (C), and %
nitrogen (N) quantified. Soils surrounding the harvested trees were also sampled and analyzed
for C and N. A growth model for C assimilation into black walnut trees across diverse locations
was developed. Total tree biomass (dry weight) for the = 10-year-old trees ranged from 27 to
54 kg, and woody tissues contained an average of 46.4 % C and 0.44 % N (Table 1). Percent
C differed among various woody tissues, with trunk sections containing more assimilated C
compared with root tissues. While soil C and N varied consistently at increasing depths, they
did not vary in distance from the trees, likely because the trees were not yet old enough to
have impacted the C and N dynamics in the surrounding soils in a significant manner.

Table 1. Black walnut tree tissue C and N concentration at four sites in Missouri and Arkansas, USA, and
among above- and below-ground woody tissues.

Factor Sub-factor C(*%DW)* N(%DW)
Site® NF 45.72¢ 0.563 a
MV 46.63 ab 0557 a
Fv 4639b 0364 b
BN 4685a 0.282¢
p value < 0.0001 0.0006
Tree Tissue© 30 em trunk section 46.87 be 0.148d
60 cm trunk section 4691 be 0.154d
120 cm trunk section  47.08 ab 0.169d
180 cm trunk section  46.99 abe 0.165d
large branches 4748a 0.203 od
small branches 46.97 abe 0611b
root bole section 4494d 0.260 ¢
large roots 46.50 ¢ 0.662 b
small roots 4397¢ 1.335a
p value <0.0001 <0.0001
Site * Tissue p value 0.6028 <0.0001
Overall Mcan 46.42 0.438

* Means within sub-columns with the same letters are not different according to Fisher's Least Significant
Difference (LSD) test (p < 0.05). DW = dry weight.

* Site abbreviations: NF = New Franklin, MO; MV = Mt Vemon, MO; FV = Fayetteville, AR; BN
Booneville, AR,

b

* Tree tissue definitions: large branches >12 cm diameter, small b
> 1.6 cm diameter, small roots < 1.6 cm diameter,

s <12 em di , large roots

Keywords: Juglans nigra, agroforestry, carbon, sequestration.
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Organic carbon sequestered by coffee plantations in Veracruz (Mexico)

Valdes-Velarde E." (valdevela@gmail.com), Ordaz-Chaparro V. M.2, Sanchez-Hernandez R.3,
Gallardo-Lancho J. F.#, Ayala-Montejo D.5, Khalil Gardezi A.?
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Autonomous University of Tabasco, Villahermosa, Tabasco, Mexico; * Retired Investigator, CSIC-IR-
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Coffee agroforestry systems (AFS) have a high potential for carbon sequestration, due to the
large diversity of woody species used as shade. The objective of the present study was to
evaluate the potential of carbon sequestration in aerial biomass and soil organic matter at
different depths in the coffee SAF in the coffee region of Huatusco, Veracruz, Mexico. The
AFS studied were a Mesophilic Mountain Forest (BMM) that served as a reference, and three
shade coffee plantations (specialized systems: BRE, BCC, and BIP) and two in full sun (CGB,
CCR) which were compared to each other; also, in contrast of a not AFS, a conventional pas-
ture (PTC). Harvesting of herbaceous and mulch, vegetal samples was done in plots of 4x25
m2 (UM); it was also measured shrub and tree biomass. The soil was sampled at four depths
(0-10, 10-20, 20-30 and 30-60 cm). Tree biomass was estimated by allometric equations.
The system that showed the highest C content in aerial biomass was BMM (457 Mg C ha-1),
followed by BRE (374 Mg C ha-1), BIP (232 Mg C ha-1), CGB C ha-1), CCR (61.1 Mg C ha-
1), BCC (46.0 Mg C ha-1) and PTC (3.1 Mg C ha-1). Regarding the total organic C captured,
the poorly intervened forest ecosystem (BMM) reached the maximum value (565 Mg C ha-1),
of the coffee systems the BRE obtained the highest value (478 Mg C ha-1) and the BCC the
lowest (108 Mg C ha-1. In contrast, pasture only stores 99.0 Mg C ha-1. It is concluded that
the coffee systems sequestering an average of 246 Mg C ha-1 of C sequestered, depending
on the management, being significantly separated those from the shade of the full sun.

Keywords: Cloud Tropical Mountains forests, Coffee management systems, Mixed forest
system, Agroforestry systems.
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Carbon sequestration in riparian buffer systems; influenced by soil texture,
vegetation type and age in Ontario, Canada

Vijayakumar S. (sowthini@uoguelph.ca), Coleman B., Gordon A., Voroney P., Thevathasan N.
School of Environmental Sciences, University of Guelph, Guelph, Ontario, Canada

Riparian buffer systems (RBS) have the potential to sequester atmospheric carbon dioxide into
stable pools like biomass and soil. In this context, a study was conducted in the Grand River
watershed, southern Ontario, Canada, to find the influence of two soil textures (clay, loam),
two vegetation types (coniferous, deciduous) and age [<15 years (young), > 15 years (mature)]
on soil organic carbon (SOC) sequestration. In all treatment combinations, soil from 0-30 cm
depth were collected from eight RBS sites [Mature deciduous clay (MDC), Mature coniferous
clay (MCC), Mature deciduous loam (MDL), Mature coniferous loam (MCL), Young deciduous
clay (YDC), Young coniferous clay (YCC), Young deciduous loam (YDL) and Young coniferous
loam (YCL). Soil samples were also collected from adjacent agricultural fields (control). SOC
were determined using the dry combustion procedure as outlined in the Leco CR-412 ma-
nual (Wang and Anderson 1998). Results indicate that RBS with mature trees, irrespective of
soil texture and vegetation type, sequestered significantly higher (p<0.05) SOC (MDC =177.6
+5.48, MDL=159.2 +3.39, MCL= 143.5 +4.56, and MCC =134.4 +4.10 Mg C ha') compared to
adjacent agricultural fields whereas, RBS with young trees did not show significant difference
(Figure 1). Overall, MDC had more positive impact on SOC sequestration whereas YCL had
least impact among the RBS. However, all RBS showed numerically higher mean SOC content
compared to its adjacent agricultural fields.
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Figure 1: Comparison of mean SOC content (Mg C ha -1) between riparian buffer systems (RBS) and
respective adjacent agricultural fields in each site sampled at 0 — 30 cm depth in Grand River
watershed, waterloo region, Ontario in 2017-2018. (MDC — Mature deciduous clay, MCC- Mature
coniferous clay, YDC- Young deciduous clay, YCC- Young coniferous clay, MDL- Mature deciduous
loam, MCL- Mature coniferous loam, YDL- Young deciduous loam and YCL- Young coniferous loam).
With in a site, means followed by the same letter are not significantly different according to a Tukey’s
multiple range test (P=0.05). Error bars indicate the standard error of the mean (n=5).

Keywords: Agroforestry, climate change mitigation, soil organic carbon, dry combustion.
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Evalution of aboveground biomass of Piliostigma reticulatum (DC) Hochst.
Planted in north soudanian zone of Burkina Faso
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Developing forest Clean Development Mechanism projects necessarily involves estimating
quantities of carbon stored. Carbon stock has been studied for many trees species, but there
are few data relating to shrubs. However shrubs are more and more important in agrarian
system in sahelian zone. In Burkina Faso Piliostigma reticulatum is one the important shrubs
in farms. This study aims to measure aboveground biomass of P. reticulatum after 3, 5 and
15 years after planting. We used destructive method for biomass assessment. Before tree
cutting, morphological parameters have been measured. A total of thirty (30) trees of P. reti-
culatum were cut at the base. Then fresh weight has been weighted in the field, and sample
was taken for dry weight determination. Results show that P. reticulatum tree with 15 years
old measure 3.06 + 0.43 m of height, 34.90 + 11.98 cm of circumference of the trunk to the
basis. Best annual growth in height is gotten for tree of 05 years old (0.32 + 0.07). In 05 years,
P. reticulatum with 1111 trees/ha stocks 3.65+ 1.34 tMS ha1l of aboveground biomass. That
means 30 = 6.49 tMS ha1l in 15 years. Regression made show that that there is allometric rela-
tion between crown size and aboveground biomass of P. reticulatum. These results contribute
to understand impact plantation of shrubs and/ or their conservation in farms on the climatic
change mitigation.

Keywords: Piliostigma reticulatum, allometric relations, biomass, Burkina faso.
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Agroforestry and world challenges
Agroforestry: riding to the world’s rescue

- L2 -
Agroforestry and adaptation to climate change
Singing in the rain: adapting to the erratic new normal

Shade trees are often used to protect crops from excess heat and light in
the tropics, where agroforestry (AF) is clearly seen as a way to adapt to
climate change (CC). It could be interesting to grow crops under shade
trees in temperate climates also, to adapt agriculture to CC by buffering
temperature both at the annual scale and at the daily scale, thus reducing
yield loss due to extreme temperatures (frost, heat wave), by reducing soil
evaporation through a reduction in radiation, wind speed, temperature and
increase in air humidity and by reducing flood risk. However, the competition
for water between trees and crops might be exacerbated in the context of
CC due to reduced rainfall and increased risk of drought. Tree productivity
in AF conditions could thus be reduced, although the deeper rooting pattern
in AF compared to forest conditions, might give the trees access to more
water resources. This session welcomes modelling and experimental
studies relevant to the assessment of the resilience of AF systems to CC
as well as to the design of AF systems more adapted to CC and their
adoption by stakeholders.
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A framework for resilience to climate shocks in agroforestry systems
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This framework was developed by monitoring two contrasting agroforestry systems over three
years, before, during and following the 2015/16 El Nifio. We hypothesize that during a climate
shock there will be factors outside of a farmer’s control (e.g. farm ‘s location in the landscape)
and management options within the control of the farmer that may either positively or nega-
tively interact (e.g. be complementary or trade-off) with climatic conditions to impact yields.
To explore this, we present the results of ecological and socio-economic data from 56 low-
input (Coffea arabica in Ethiopia) and 36 medium-input (Theobroma cacao in Ghana) farms,
along landscape and management gradients. Both systems were severely impacted by the El
Nifio shock; however, monitored coffee shrubs showed a dramatic collapse in yields while the
most stressed cocoa trees showed increased pod production. In Ethiopia, we found location
in the landscape (e.g. elevation and forest patch size) and diversity of shade trees had trade-
off effects and the presence of leguminous shade trees had complementary effects on yield
variability. Whereas in Ghana, both shade management and distance from forest had trade-off
effects, while only soil nutrient management was complementary throughout the study period.
We discuss the implications of monitored yield variability on household resilience and poverty
outcomes using insights gleaned from household surveys and community focus groups.

Climate Shock

Elevation
Patch Trade- Comple-
Area off mentary
Soil
Type
Ecological/Landscape Farm Management Income Resilience
Context

Figure 1 Depiction of proposed framework describing the prevailing attributes of a farm beyond the
control of the farmer (e.g. its location in the landscape) and the management decisions available to
the farmer. Resilience, in this model, is described by the interaction of farm attributes and farm mana-
gement with a climate shock to influence inter-annual yield variability.

Keywords: Coffea arabica, Theobroma cacao, Resilience, El Nino, Yield Variability.
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Towards a climate change atlas for Africa: results of ensemble suitability
modelling for 150+ native tree species
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The World Agroforestry Centre, in collaboration with Bioversity International, CATIE and Hivos,
recently published habitat suitability maps for 54 tree species that are widely used in Cen-
tral America for shade in coffee or cocoa agroforestry systems' (www.worldagroforestry.org/
atlas-central-america). Using similar methods of species distribution modelling, including en-
semble methods whereby consensus habitat suitabilities are weighted average probabilities
from different algorithms? and a likelihood scale recommended by the IPCC?3, habit change
maps were prepared for 150 tree species native to Africa. The Central American atlas calibra-
tion methods were augmented using filtering approaches of species occurrence datasets
in geographical and environmental space and spatial blocking techniques to reduce spatial
correlation during model evaluations®. These methods were also integrated in the newer ver-
sions of the BiodiversityR package. Models were calibrated with a subset of bioclimatic and
topographic variables obtained from AFRICLIM?® and ENVIREM. To reduce potential overesti-
mation of the effects of climate change, species distribution data were obtained across Africa.
Selected species were priorities in different projects and countries, including for a large forest
landscape restoration project in Ethiopia, the African Orphan Crops Consortium, an ecosys-
tem-based adaptation project for Gambia and cover priority food tree species identified in
Burkina Faso, Ethiopia and Kenya.

Most of sub-Saharan Africa is expected to experience drier climates by the middle of the 21st century.
Shown here are the number of 18 downscaled General Circulation Models that project increases in the
moisture index (P/PET) compared to the 20th century baseline (hyperarid areas were masked from the
baseline; future grid layers from AFRICLIM for RCP 4.5). The major changes in the colour schemes cor-
respond to the likelihood scale recommended for the fifth Assessment Report of the IPCC (red - orange :
likely decreases in moisture index; light blue — dark blue: likely increases in moisture index).

Keywords: species distribution modelling, priority tree species, restoration, habitat change,
AFRICLIM.
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Diachronic study of the effect of growing trees on grapevine yield: 24 years
of experience in the South of France
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Grapevine growers are fearful of the potential effects of climate change on yield and wine
quality: the continuing trend for earlier harvest date leads to a decrease in wine organoleptic
quality, and increased temperatures lead to heat stress and reduced yield. Thanks to its mi-
croclimatic effect, agroforestry could mitigate these risks. In 1995, trees (mainly Pinus pinea
and Sorbus domestica) were planted with 4 or 5 rows of grapevine between each row of trees,
on the Restinclieres Agroforestry Platform, in the South of France. Twenty-four years later,
the accumulated experience allows us to draw conclusions on the beneficial effects of the
agroforestry microclimate, with up to 6 degrees lower in agroforestry compared to the pure
grapevine control in the hottest summer days, but also on the negative effects of agroforestry,
such as nitrogen competition between the trees and the vine, which is significant only on the
grapevine row nearest to the tree line.

Grapevine associated with Sorbus domestica and Pinus pinea

Keywords: grapevine, microclimate, yield, grape juice quality.
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Gender based impacts of climate change and adaptation strategies
Asheber M. N. (merrynegasi@gmail.com)
Rural Devst and Agricultural Extension, Mekelle University, Mekelle City, Tigray, Ethiopia

Climate change is a global phenomenon; its negative impacts are more severely felt by poor
people in developing countries who rely heavily on the natural resource base for their liveli-
hoods." The objective of this study was to analyze the impact of climate change on gender
assets and adaptation strategies in Ethiopia. Results show that climate change affects both
households’ types, but poses more threat to female-headed households. The choice of adap-
tation strategies was also different between female and male-headed households. As com-
pared to female-headed households, male-headed households adopted multiple adaptation
strategies. Those strategies include planting trees that are droughts resistant like acacia and
cactus, crop diversification, and use of drought resistant and short growing crop varieties,
adjusting and shifting of planting dates. In addition, a probit model result shows that age, sex,
education, family size, farm size, access to extension service, participation in social organi-
zation, participation in off-farm activity, livestock holding, farming experience and distance
to the nearest market are major determinant factors that significantly affect farmers’ choice
of adaptation of different strategies to climate change. As a recommendation, Government
and non-government organization should create more awareness on the role of agroforestry
practices as an adaptation strategy to reduce the impact of climate change.
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Farmers’ perception of vulnerability and resilience of agroforestry systems to
climate change in Benin, West Africa

Gnonlonfoun I." (isidoregnonlonfoun@gmail.com), Assogbadjo A. E.", Gnangle C. P.?,
Glele Kakai R. L.

"Management of Naturals Resources, Faculty of Agronomic Sciences, Cotonou, Abomey-Calavi, Benin;
2INRAB, Cotonou, Abomey-Calavi, Benin

Climate change leads to serious threats to ecosystems including traditional agroforestry
parklands. Assessing the level of susceptibility and resilience of any ecosystem to climate
change is important for sustainable adaptation. We assessed farmers’ perceptions of the
vulnerability of agroforestry systems to climate change in Benin. The objectives of the study
were to (i) assess the effect of changes in climatic conditions on agroforestry systems (ii)
assess the main indicators of vulnerability of agroforestry systems to climate change and (ii)
analyze agroforestry and cropping systems’ resilience to climate change. We hypothesized
that some agroforestry systems are more resilient to climate change than others. A total of 233
household heads and seven agroforestry systems were studied. Data collected were compo-
nents, indicators of vulnerability and the level of resilience of agroforestry systems. Descriptive
statistics based on the percentage of arborescent population and density of tree were used to
characterize the agroforestry systems. A canonical factorial discriminant analysis with heplots
for pairs of discriminant variables was performed to differentiate agroforestry systems with
regard to vulnerability indicators. The resilience of agroforestry and cropping systems was
evaluated through four levels of resilience. Results showed that the vulnerability to climate
change of Anacardium occidentale and Citrus sensis parks was especially determined by
the number of components damaged in the system. Age and density of Vitellaria paradoxa
parks and mixed parks (Vitellaria paradoxa-Parkia biglobosa) were indicators that determined
their sensibility to climate damage according to local people. All agroforestry systems were
perceived to be resilient to climate change but at different degrees. Manihot esculenta was
reported as the most resilient crop to climate damage. Our results support calls for consi-
dering indicators of the vulnerability of agroforestry systems, as well as their resilience when
developing agroforestry adaptation strategies.

Keywords: Agroforestry systems, climate change, traditional ecological knowledge, ecosys-
tem services, food security.
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Sustainability and vulnerability to climate change of smallholding agroforestry
systems in tropical highlands, Ecuador

Codrdova R. (raul_cordova@hotmail.com), Kanninen M., Hogarth N.
Forest Sciences, University of Helsinki, Helsinki, Uusimaa, Finland

An estimated 570 million farms throughout the world are considered to be small or family
operated, responsible for most of the world’s agricultural production (1,2), and probably the
most vulnerable sector to the impact of climate change and variability (CCV), especially in
mountain regions of developing countries (3). Considering that small holder farmers have a
significant influence on the land use/cover change process and agrobiodiversity conservation
(2), the maintenance of sustainable and resilient smallholder farming systems represents a key
condition for sustainable land management and to safeguard the livelihoods of millions of rural
households. This study uses a combination of biophysical and socioeconomic data based on
household interviews to compare 30 highland agroforestry systems (AFS) and 30 conventional
agriculture systems (CAS), in order to determine which system provides better conditions to
support sustainable livelihoods, and reduce vulnerability to CCV. The interview data is based
mainly on the perceptions of Kayambi indigenous farmers who rely on these farming systems
to support their livelihoods. The analysis of vulnerability is based on data from a modified
Climate Change Questionnaire Version 2 of the World Overview of Conservation Approaches
and Technologies (WOCAT). Independent Samples t Test and descriptive statistics were ap-
plied to analyse the data from 60 farms. The main findings indicate that AFS compared to
CAS contain greater agrobiodiversity; more diversified livelihoods; better land tenure security
and household income; more diversified irrigation sources and less dependency on rainfall.
In addition AFS are less vulnerable to CCV, showing less exposition and sensitivity to climate
and non-climate stressors, and having better adaptive capacity conditions than CAS. These
findings highlight the role of agroforestry systems in supporting sustainable livelihoods and
reducing the socioeconomic and environmental vulnerability of smallholder farmers in moun-
tainous areas (4,5).

Keywords: Smallholder farmers’ perceptions, Highland agroforestry systems, Climate change
vulnerability, Socioeconomic and environmental sustainability, Indigenous people and tradi-
tional knowledge.
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Impact of past climate change and socio-economic drivers on different crops
in agroforestry systems of Wayanad, India

George A. (angelgeo93@gmail.com), Joseph S., Sebastian A., Sajeev T.V
GIS and Remote Sensing Department, Kerala Forest Research Institute, Thrissur, Kerala, India

Agroforestry systems are conventionally treated as a mitigation tool to reduce the impact of
climate change. However, climate change is threatening the very existence of every ecosys-
tem, and there is no reason to believe that agroforestry systems will be spared. Hence we
have addressed whether climate change has an impact on agri and agroforestry systems of
Western Ghats biodiversity hotspot.The objective of the study was to identify and measure the
impact of climate change on patterns, productions and processes in agroforestry systems of
Western Ghats region of Kerala, India in particular Wayanad.The shift in area and production
of major crops were analyzed using the data available from Agricultural Statistics records of
the Government of Kerala. The daily temperature and rainfall data were collected from diffe-
rent agencies and ordinary least square regression equations were fitted in order to analyze
the changes in trends. A house-hold survey was conducted to understand how agricultural
practices have changed over the period, and what drove the changes in practices. Factor
analysis based on principal components was conducted to identify the most important factors
that drove the shift in agroforestry practices.The result showed that Wayanad has undergone
major changes in agroforestry practices over the last couple of decades. The area and produc-
tion of crops such as arecanut, coconut, rubber and banana increased considerably whereas
that of rice, ginger and pepper has declined. Climate variables showed that monsoon rainfall
is found to be decreasing over the years, while there is an increase in temperature during the
same period. Also, there is a delay in the onset of monsoon and an advance in the offset of
monsoon. Factor analysis indicated that 71% of the changes in cropping pattern of the area
is driven by four principal components which were found to be, market driven shift in agricul-
tural practices (25%), adaptive agriculture management strategy adopted by the stakeholders
(18%), impact of climate change (15%) and booming expansion of tourism industry (13%). The
study concludes that there are changes in pattern, production and processes of agroforestry
systems in Wayanad, and climate change contributes 15% of the shift in agricultural practices.
The present study contributes to our existing knowledge on the effect of climate change on
crop production and agricultural dynamics, and sheds light into the programs related to the
agroforestry based climate change mitigation where climate variability and other factors need
to be accounted before making policy decisions that aimed to mitigate the impact of climate
change by means of agroforestry systems.

Keywords: Agroforestry systems, Climate change, Wayanad, Kerala, India.
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Shade trees affect soil resource acquisition strategies of cocoa in suboptimal climates
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Shade trees have a complex role in adapting agroecosystems to a changing climate. Disen-
tangling these complexities is central for climate change adaptation strategies for cocoa pro-
duction in West Africa. In this study, we adopted a trait-based approach to investigate the
effects of a common shade tree species (Terminalia ivorensis) on the resource acquisition
strategies of cocoa (Fig. 1), as characterized by variation and covariation in fine root traits.
We assessed these shade tree effects across optimal and suboptimal precipitation regimes,
and in contrasting edaphic conditions (sandy vs. loam) in Ghana. We found that absorptive
fine roots of cocoa are more acquisitive in drier sites, expressing trait values associated with
higher acquisition but lower lifespan, suggesting roots are more responsive to soil moisture.
Shade trees play a key role in controlling resource strategies of cocoa, and dictate the position
of individual cocoa trees along on a singular axis of trait covariation, or the ‘root economics
spectrum’, although this effect is specific to climate and edaphic conditions (Fig. 1). Shade
tree management that accounts for soil physical properties may be critical in suboptimal cli-
matic conditions, conditions which are expected to become more prevalent in West Africa.
Context-specific agroforestry arrangements designed in ways that optimize resource acqui-
sition strategies of cocoa represent a viable means to sustain productivity in the coming
decades.
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Figure 1: Cocoa next to shade tree (left panel) and coordinated trait variation in cocoa roots descri-
bed by principal component axis scores (right panel).
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Using Yield-SAFE model to assess impacts of climate change on yield of Coffee
under agroforestry and monoculture systems
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