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Diversification

Management

Cardinale et al., 2012 (Nature) 

Ecosystem
functions

(resource capture,
biomass production, 

decomposition,
nutrient recycling…)

Biological diversity
(variation in genes, species, functional traits…)

Biodiversity & Ecosystem functions
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Analysis of the Land Equivalent Ratio (LER) 
(36 studies, 248 responses)

Latitude

LER

Salazar-Diaz et al., 2018 (in revision for ASD) 

LER

Global effect of biodiversity in literature



Letourneau et al., 2010

EFFECTS OF PLANT DIVERSITY

 Need to optimize
the control but also
other interactions

In the case of pests controlIn the case of pests control



All diversified systems do not enhance 
all ecological services

(Cameroon)



Biodiversity is not the silver bulletBiodiversity is not the silver bullet



Taking into account complex interactions

Organized
Biodiversity

Pests & Diseases

Natural
Biodiversity



WEEDS
DEGRADED

SOILS

Loss of
mineral nutrients

Soil erosion
& compaction

BLACK
SIGATOKA

Panama
TR4

Fusarium oxysporum f. sp.
Cubense Tropical Race 4

Radopholus similis
Pratylenchus coffeae

Mycosphaerella fijiensis

Cosmopolites sordidus

WEEVIL
BORERNEMATODES



What effects can we expect from 
plant diversity to control P&D

in banana systems?



Multifunctionality of cover crops

SOIL
Structure

SOIL
Biological
Activity

WEED
CONTROL

N Fixation
Nutrients
recycling

SOIL
Protection

SOIL
Organic
Matter

Plant-Parasitic
CONTROL



- Nematodes
- Weevil borer

3 ways to control plant-parasitic populations

 BIOCIDAL EFFECT

 TOP-DOWN
Enhance Predators

 BOTTOM-UP
Suppress Resources



Nematodes control

Suppress the resources during a fallow period

Installation of cover non-host crops of plant-
parasitic nematodes AND also by using biocidal 
species

Plant-parasitic
nematodes

Banana
roots damages

Bananas
topple-over
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Multiplication rate of plant-parasitic 
nematodes (Radopholus Similis)

Crotalaria sp. => Biocidal species

NON-Host Species

Host Species



Producers use of Crotalaria sp. + Brachiaria sp. during fallow period



- Nematodes
- Weevil borer

 BIOCIDAL EFFECT

 TOP-DOWN
Enhance Predators

 BOTTOM-UP
Suppress Resources

3 ways to control plant-parasitic populations



TOP-DOWN => Enhance predators

Comparison of free-living soil nematodes communities :

Bare soil

with cover crops

VS

Nematodes control



Djigal et al. 2011

 Cover crops increase predators populations

Nb. / 100g of soil

Carnivores & omnivores

BS SC PN NW PP SG

0

100

200

300

400

500

BS: Bare Soil
SC: Spontaneous Cover
PN: Paspalum N.
NW: Neonotonia W.
PP: Pueraria P.
SG: Stylosanthes G.

=> Positive effect on biodiversity and food webs



In soil litter, general predators contribute to weevil 
borer control:

• Ants
• Earwigs…

Camponotus E. caraibea

Lycosidae

Cosmopolites
sordidus

Bananas topple-overRhizome damages

TOP-DOWN => Enhance predators

Weevil borer control



Cover crops increase predators abundance

Mollot et al. 2012

Site 1                       Site 2

Bare soil

B. decumbens + C. dactylon cover

Captures of ants

Solenopsis geminata

5 times more 
ants in plots 
with cover 
crops



Predators increase the predation rate
of weevil borer eggs

Site 1                        Site 2

Predation rate by antsPredation rate of weevil borer eggs by ants

2 to 7 times 
more 
predation in 
plots with 
cover crops 

Bare Soil

B. decumbens + C. dactylon cover

Mollot et al. 2012



Weevil borer control by Brachiaria decumbens (Guadeloupe)

+ pheromone traps



MIX SPECIES ACCORDING TO

THEIR COMPLEMENTARITY

INCREASE THE

FUNCTIONAL BIODIVERSITY



- Soils are permanently covered (before and after banana plantation)  
- Efficient pests control (nematodes, weeds…), continuous soil fertility improvement 

- High technicity and Know-How required
- Mechanization is required to sow and manage cover crops

Example of an innovative banana system



Crotalaria juncea + Desmodium ovalifolium + Bananas (Guadeloupe)



Crotalaria juncea + Desmodium ovalifolium + Bananas (Guadeloupe)



Arachis repens + Desmodium ovalifolium + Bananas (Guadeloupe)



Bananas + Gmelina arborea + Brachiaria D. (Martinique)



Bananas + Gliricidia S. + Cocoa + Brachiaria D. (Martinique)



Bananas and Desmodium ovalifolium (Martinique)

Or Kun Chroeurn!
Thank You!
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