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Meta-analysis: comparing cocoa...

AGROFORESTRY SYSTEMS and MONOCULTURES
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Cocoa agroforestry system (image: W. Niether) Cocoa monoculture (image: J. Jacobi)
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World map: research on cocoa agroforestry per country

—52 articles with direct comparisons
— 144 sub-studies

—93 data pairs (independent pairwise comparisons)
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AGROFORESTRY SYSTEM MONOCULTURE

Results: Yield

Yield agroforestry versus monoculture

Cocoa yield [Mg/iiha*a)] (36) 1 o o
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System yield [Maiiha*®al] (8) 1
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— Higher cocoa yield in monocultures
— Higher system yield in agroforestry systems
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AGROFORESTRY SYSTEM MONOCULTURE

Cocoa yield
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AGROFORESTRY SYSTEM MONOCULTURE

Results: Economic performance

Economic performance agroforestry versus monoculture
Costs [USDiha*a)] (7)1 ’ - i 1 n.s.
System revenue [LSDiha*al] (8) 1 - n.s.
Met presentvalue [LUS00Ma] (4) 7 ' - i ! n.s.
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- No significant differences between monocultures and agroforestry systems
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AGROFORESTRY SYSTEM MONOCULTURE

Cocoa yield
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AGROFORESTRY SYSTEM MONOCULTURE

6.12.2022

Cocoa yield
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AGROFORESTRY SYSTEM MONOCULTURE

Results: Pests and diseases

Fungal diseases agroforestry versus monoculture
Frosty pod rot [%e] (4) 1 | E . | ns
Black pod [%] (5] 1 EHH %
Witches' broom [%] (5) 1 —e— E %
10 0 10 20

mean difference

Monoculture Agroforestry sytem
Frosty Pod Rot % 21.2+16.0 28.8+24.5
Black Pod % 3.0£2.0 34+2.2
Witches' Broom % 37124 1.9+14

—> Effects depend on the nature of the disease
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Results: Microclimate

Microclimate agroforestry versus monoculture

Maximum temperature [FC] (8) 1 -
Mean temperature [FC] (8]

Minimum temperature [°C] (8) 7

Mean relative humidity [%a] (3) 1

Vapor pressure dificit [kPa] (4) 1

" .
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— Buffering of high temperature and low humidity under shade

— Climate change adaptation
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AGROFORESTRY SYSTEM MONOCULTURE

Results: Stand structure and carbon storage

Stand structural parameters agroforestry versus monoculture
Basal area cocoa trees [m*ha] (22) 1 Ha i EEE
Basal area shade trees [m*ha] (4) 1 i e wkk
Taotal Cin cocoa trees [Mgiha] (28) e i HEE
Total Cin shade trees [Mag/ha] (25) 1 i . LE]
Total Cin system [Mg/ha] (277 i - | EEE
Ell 1IIZI EIIII EIIZI

mean difference

— More carbon storage above- and belowground in agroforestry
— Mitigation of climate change - Carbon sequestration

— Options for carbon offset?!
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Results: Biodiversity

Biodiversity
a) Species number per taxon (reference) agroforestry versus monoculiure
Ants (Jacobl et al. 2015) [46] ——
Ants (Bigger 1981) [71] -
Ants (Biaser et al. 2018) [7] —a—
Birds (Blaser et al 2018) (7] — -
Frogs (Biaser et al 2018) [7] ~—
Termites (Fekotas et al 2018) [69) —
Midges (Young 1983) [70] -
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— Higher species number in agroforestry systems

- Number of herbal species depends rather on management (herbicides)
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(Marconi and Armengot 2020)
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Conclusions and implications (1)

= No definition of cocoa agroforestry beyond “inclusion of trees”

— A global recommendation for shade levels or shade tree species would not be accurate (high heterogeneity
of environmental, climatic, soil and socio-cultural conditions)
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Conclusions and implications (1)

= No definition of cocoa agroforestry beyond “inclusion of trees”

— A global recommendation for shade levels or shade tree species would not be accurate (high heterogeneity
of environmental, climatic, soil and socio-cultural conditions)

— But: Local and context-specific knowledge
and recommendations for cocoa agroforestry
design and management needed

- Knowledge gaps on species-specific
information on shade trees, management
strategies, pricing policies, livelihood aspects
need to be addressed

Farmer-to-farmer field course, Bolivia (image: J. Jacobi)
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Conclusions and implications (2)

= Management is crucial, but pesticides can threaten human health and environmental benefits

— Alternative management strategies

\

Agroforesitry system after pruning

Agroforestry system before pruning

Pruning to manage microclimatic conditions (images: W. Niether)



Conclusions and implications (3)

Even simple agroforestry systems can have positive effects. But they are not enough because:

. food security and

Il.  environmental benefits need to be part of the calculation

—> social-ecological system approaches are necessary

Diversification of cocoa plots, El Ceibo, Bolivia (image: J. Jacobi)
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Conclusions and implications (3)

Even simple agroforestry systems can have positive effects. But they are not enough because:
. food security and

Il.  environmental benefits need to be part of the calculation

—> social-ecological system approaches are necessary

= Building and enabling access to new alternative markets
and value chains for agroforestry products

-2 (Real) incentives for farmers to plant trees

—> Deforestation for agroforestry is no
option!

(also no carbon offset)

Diversification of cocoa plots, El Ceibo, Bolivia (image: J. Jacobi)
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Abstract

Scientific knowledge, societal debates, and industry commitnents around sustainable cocoa are
mcreasing. Cocos Morestry systems are '.ulrl-o'.rd to impirove the sustainability of cocoa
production. However, their combined agronomic, ecological, and socio-economic performance
compated to monocultures is still largely unknown. Here we present a meta-analysis of 52 articles
that directly compared cocoa agrofarestry systems and monocultures. Using an inductive,
multi-dimensional approach, we analyzed the differences in cocoa and total system vield, economic
performance, soil chemical and physical properties, incidence of pests and diseases, potential for

climate change nutigation and adaptation, and biodiversity conservation, Cocoa agroforestry
systems outcompeted monocultuses in most indicators. Cocon vields in agroforestry svstems wege
259 lower than in monocultures, but total system yields were about ten times higher, contributing
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