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Sítio Flor de Ouro, 
Florianópolis, Brazil

Produce: 
• Diversity of foods, medicines, 

foder, timber, fuel, green manure
• With minimal external inputs &
Restore: 
• Soil health,
• Biodiversity native to ecoregion, 

esp. threatened species,
...at same time in same space,
...without spending long time 
researching & planning.

CHALLENGE:



https://patspo.shinyapps.io/GlobalUsefulTrees

Kindt et al. 2023. 

a 

species, 

biodiversity 

livelihoods in 

Scientific

https://doi.org/10.1038/s41598Kindt et al. 2023. GlobUNT Sci Rep 

https://doi.org/10.1038/s41598-023-39552-1


https://patspo.shinyapps.io/GlobalUsefulTrees

Kindt et al. 2023. GlobUNT Sci Rep 

https://doi.org/10.1038/s41598-023-39552-1


https://patspo.shinyapps.io/GlobalUsefulTrees

Key climatic variables:
• mean annual ºC
• total precipitation
• Climatic Moisture Index
• months >10ºC
• Growing Degree Days 5
• max. ºC warmest mth
• min. ºC coldest mth
• precip. wettest quarter
• precip. driest quarter
• mm max.climat.water deficit

•

•

•

•

•

•

•

•

•

•

Kindt et al. 2023. GlobUNT Sci Rep 

https://doi.org/10.1038/s41598-023-39552-1


www.worldagroforestry.org/tree-knowledge

dry sub-humid

TreeGOER: 48,129 tree spp & 51 variables https://zenodo.org/record/8411069
CitiesGOER: 52,602 Cities with Pop ≥ 5000 https://zenodo.org/record/8318468

Globally Observed Environmental Databases + Atlas

humid

semi-arid

arid

per-humid

+Camadas opcionais: Months > 10°C, Máx. déficit climático
de água, 8 propriedades químicas e físicas do solo

…

…

https://www.worldagroforestry.org/tree-knowledge
https://zenodo.org/record/8411069
https://zenodo.org/record/8318468


https://patspo.shinyapps.io/GlobalUsefulTrees

Kindt et al. 2023. GlobUNT Sci Rep 

https://doi.org/10.1038/s41598-023-39552-1


Kindt et al. 2023. GlobUNT Sci Rep 

https://patspo.shinyapps.io/GlobalUsefulTrees

Detailed seed
sources, 
propagation, 
planting, 
management 
guidelines, 
etc

➔ e-Herbarium
+ botanical details

➔Seed storage & mass

➔ All local floras

Direct HYPERLINKs to:

https://doi.org/10.1038/s41598-023-39552-1


Potential uses 
(literature)

Locally realized
uses: Mexican
Pacific (interviews)

Need to (re)learn: 
how to use neglected biodiversity

• Combustible
• Construcción
• Aserrío
• Alimento
• Forraje
• Medicina
• Artesanía
• Agropecuaria
• Ornamental
• Usos especializados

Siddique et al. 2021 
For. Ecol. Manage.

Datos: Godínez/ 
Pérez/ BADEPLAM

https://doi.org/10.1016/j.foreco.2020.118848


Artwork: Darci Seles, Projeto Arboreto/Parque Zoobotânico/Universidade Federal do Acre 

After knowing which trees are right for each place...

...How do we combine compatible species to be intercropped in 
the same space (agroforestry system), minimizing competition?

α-diversity



...Avoid repeating standard recipe
combinations of the same 
cosmopolitan spp

➔ Versatile Decision Support Tools 
need to help combine intercrops
from the most suited species for a 
particular context/project (envtl
conditions & socioecon demands)

Need to diversify range of spp, incl rare & threatened
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Stratification:Intercropping for food, medicine, fibre, timber, fuel...

Agroforest Restoration
Stack, save, facilitate, fund



Intercropping combinations of Successional Agroforestry

Hart
analog
successional
forest
12(2)73
https://www.jstor.org/stable/2388159

Modified from: Hart 1980

Biotropica (Suppl: Tropical Succession)

…ideally include 
pioneer & late-
successional 
trees already 
with short-lived 
annuals 

➔ avoid collapse 
in biomass & 
productivity after 
removal of semi-
perennial crops, 
but this requires 
careful planning

https://www.jstor.org/stable/2388159


interval between disturbances of 60 
y. After a disturbance, patches start 
at age 0 with a total shading of zero 

horizontal structure, whereas in the 

dynamics in the two functional traits 

Natural forest 
succession:
• Pioneers crowd 

out other group’s 
growth

Falster et al. 2017 PNAS

Multitrait successional dynamics enable diverse species coexistence

• Upper strata 
overcrowded

• At sudden 
pioneer death 
forest biomass & 
productivity 
drops, resilience 
vulnerable
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Max. height:

✓ Integrate >1 niche dimension ➔ better prediction
✓ Already used by (experienced) practitioners 
✓ Available for 100s-1000s of agroforestry plants

Productive lifespan (weeks to decades)

High

Mid

Low

Light demand:

Time

Which traits 
predict intercrop 
compatibility?



Mature
natural forest

Unmanaged –– Structure –– Managed
Agroforest with

pruning & slashing

Light reaches all strataLight monopolized
by upper strata

Occupancy per Strata

~25% Emergent 20%

~40% High 40%

~20% Medium 60%

~10% Low 80%

~5% Ground 100%
Modified from: Rocha 2014 Jardins agroflorestais. IPOEMA. Ilustration:  Luiza Padoa / Darci Seles 

https://issuu.com/ipoema/docs/cartilha_saf_final_web_ok


Artwork: Darci Seles, Projeto Arboreto/Parque Zoobotânico/Universidade Federal do Acre 

High DENSITY: 
Productivity
C capture
Weed prevention

High DIVERSITY: 
Economies of scope
Risk aversion
Resilience
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Productivity
C capture

http://www.cooperafloresta.com/publicaes


Crop
functional
diversity

Crop Leaf
Area Index 

(LAI)
R2

c=0.85 

Weed
functional
diversity

R2
c=0.44

Crop
productivity

R2
c=0.43

Crop cover
R2

c=0.27

Weed cover
R2

c=0.14

✓ Soil protection
✓ Weed suppression

0.3747***

0.5251**

0.6593***

-0.3729* -0.8943***

-0.4436 **

High crop functional diversity increases crop
cover, suppresses weeds & boosts productivity

Santos et al. 2021 Journal of Applied Ecology

1st year of long-term
agroecological experiment

in permanent field plots



Crop productive lifespan ~use (years until final harvest/removal)
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Translating non-intuitive jargon & math-heavy ecophysiological traits into 

broad management categories already widely used by agroforest practitioners

Hypothetical 
data points 
for illustration



Plant life form:

Management traits already used by practitioners to design intercrops

Start of harvests & 

crop removal under 

ideal conditions

Initial pract.data:
• Fernando Spalding
• Juã Pereira
• Nathalia Muguet
• Nelson Corrêa

Neto
• Namastê

Messerschmidt
• Priscila Monnerat
• Walter Steenbock



Plant life form:

Management traits already used by practitioners to design intercrops

1st harvest

Initial pract.data:
• Fernando Spalding
• Juã Pereira
• Nathalia Muguet
• Nelson Corrêa

Neto
• Namastê

Messerschmidt
• Priscila Monnerat
• Walter Steenbock

Start of harvests & 

crop removal under 

ideal conditions
avocado

maize

cassava

coffee

pumpkin



Plant life form:

1st harvest

Management traits already used by practitioners to design intercrops
Pick non-overlapping 

species to add to main 

crop (density 

recommended for 

monoculture)

avocado

tangerine

coconutpapaya
castorbean

maize

baru
banana-prata

cassava

brocoli

yacon

leek
arracacia

taioba

capers

coffee

cacau

orange

cowpea-moita

lumiapineapple

pumpkin

sweetpotato

turmeric

melon
mint

Initial pract.data:
• Fernando Spalding
• Juã Pereira
• Nathalia Muguet
• Nelson Corrêa

Neto
• Namastê

Messerschmidt
• Priscila Monnerat
• Walter Steenbock

Start of harvests & 

crop removal under 

ideal conditions



Plant life form:

Users can reduce nº categories to complexity manageable in their context
Pick non-overlapping 

species to add to main 

crop (density 

recommended for 

monoculture)

tangerine

coconut
castorbean

maize

banana-prata
cassava

brocoli

leek
taioba

coffee

pineapple

pumpkin

sweetpotato

turmeric

Initial pract.data:
• Fernando Spalding
• Juã Pereira
• Nathalia Muguet
• Nelson Corrêa

Neto
• Namastê

Messerschmidt
• Priscila Monnerat
• Walter Steenbock

Start of harvests & 

crop removal under 

ideal conditions

Annuals PerennialsSemi-



Users can reduce nº categories to complexity manageable in their context

Annuals PerennialsSemi-

Direct 

HYPERLINKs to:

...for detailed

seed sources, 

propagation, 

planting, mgmt

guidelines, etc

tangerine

coconut
castorbean

maize

banana-prata
cassava

brocoli

leek
taioba

coffee

pineapple

pumpkin

sweetpotato

turmeric



Practitioners’ 
management trait: 
% Resprouting 

capacity 
* % canopy pruned



Citizen Science 
sourcing of practical 
trait data & decision 
tool visualization

avocado

maize

cassava
coffee

pumpkin

Practical data 
visualization

MySQL database 
structure that can 

adapt & evolve

Periodical 
updates to 
database

db Curators check 
authenticity & 

validity

Practitioners + 
Collaborators 

contribute data



Black: Kindt et al. 2023 CIFOR-ICRAF infobrief

Purple: UFSC+ICRAF Tree Theme collaboration

Integrating 
practitioners’ 
ways of 
expressing 
agroforestry 
knowledge 
for practical 
decision making 
for CAPTD:

2. Within area, Filter Species:  

a. Country/region, 

b. Climate type, 

c. Climatic gradients 

(Tmo10, CMI, MCWD), 

d. Uses

1. Priority Areas: Enabling human environment: 

Links to LiteFarm web app

7. Interactive visualization of 

practitioners’ experience with 

plant management traits to 

inform agroforest  intercropping

3. Considering planters’ needs:

a. Combine Species:

compatible intercrops based 

on practitioners’ knowledge 

of key management traits

b. Practical details: switchboard

7. Monitor 
progress & 
feedback

1. Identify 
priority areas 
for tree 
planting

2. Check 
tree 
species 
distri-
butions

3. Consider 
planters’ 
needs

4. Existing 
adapted tree 

seed & seedling 
sources & 
suppliers

5. Establish 
& manage 
additional tree 

seed & seedling 
& sources

6. Properly 
plant & 
manage 
selected 

tree 
species

•Cost-benefit 
modelling of 
adoption

•Stakeholder 
capacity 
development

•Expand tree seed 
& seedling 
systems

https://patspo.shinyapps.io/GlobalUsefulTrees/
https://doi.org/10.34885/nswv-8994
https://www.litefarm.org/
https://apps.worldagroforestry.org/products/switchboard/index.php


agroflorestinha.com.br

Not just to predict in a statistical sense, but to imagine how 
different crops & trees occupy different spaces & niches, 
how dynamic over time

Magnet 
components 
allow to simulate 
growth & pruning

Planning 
tool & game

Creator: 
Jefferson 

Mota

https://agroflorestinha.com.br/


agroflorestinha.com.br

https://agroflorestinha.com.br/


agroflorestinha.com.br

https://agroflorestinha.com.br/


agroflorestinha.com.br

https://agroflorestinha.com.br/


agroflorestinha.com.br

https://agroflorestinha.com.br/


agroflorestinha.com.br

https://agroflorestinha.com.br/


Foto+sistema: 
Anderson Munarini

..to free up labor 
on fine-tuning, manual 
tasks: pruning, harvesting, 
planting

...Not only planning challenge: Also save
labor on heavy, repetitive tasks: slashing, 

chopping, transfering biomass



Imagem: Lucas G. Ganciné

How to organize
diversity in space

and time that is
compatible with

small-scale
mechanization

INSTAGRAM.COM/LEAPUFSC

https://instagram.com/leapufsc


www.mst.org.b

r

+

Social organization to make access to mechanization viable 

Cooperatives, associations, social movements & NGOs through
projects, social credit, hire or lending through local government, etc

Examples:   Projetos Flora ,   Agroflorestar ,   Tecnologia Social SAFA mst.org.br

https://www.facebook.com/pg/projetoflora/posts/
https://www.agrofloresta.net/2013/06/projeto-agroflorestar-semeando-um-mundo-de-amor-harmonia-e-fartura/
https://mst.org.br/2015/01/28/projeto-traz-alternativas-para-a-agricultura-camponesa-no-parana/
https://mst.org.br/2015/01/28/projeto-traz-alternativas-para-a-agricultura-camponesa-no-parana/


LEAP.UFSC.BR/ILYAS
ILYSID@GMAIL.COM       
@LEAPUFSC
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