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Ecosystem services
2005 2010

“the direct and indirect contributions of ecosystems to 
human wellbeing”



3

Ecosystem services

Regulating services
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Biological pest control

Despite a clear increase in pesticide use, crop 
losses have not significantly decreased during 

the last 40 years.

Pesticide abuse causes risks to pollinators, to 
the environment and to human health.

Pesticides are usually unaffordable for 
subsistence farmers

Oerke 2006 Jour. Agr. Sci.
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Colorado Potato Beetle (Leptinotarsa decemlineata Say)

Resistance to 56 different compounds!!!



Significance of natural (biological) pest control

• Predation and parasitism of pests by natural 
enemies is an ecosystem service valued at 
$13.7 billion in the USA

• Natural enemies provide 50-90% of pest 
control in crops even when pesticides are 
sprayed

• They are a promising alternative to pesticides 
to increase the sustainability of food 
production

Pimentel 2008 EnvDevSust

Oerke 2006 JAgSci

Biological pest control
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Landscape Ecology
Pollination and biological pest control are delivered by mobile organisms which are affected by the 

landscape at different spatial scales
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Landscape Ecology

How to maximize pollination and biological pest control delivery to agriculture? 

Biodiversity-friendly agricultural landscapes integrate local
and landscape measures to benefit biodiversity 

Cropland diversification, flower strips, hedgerows, set 
asides

Natural habitat protection and heterogeneous landscape 
structure

Local

Landscape

Grass et al., 2019 People Nat

Landscape 
connectivity

Spillover from 
natural habitats Spillover from 

crop boundaries



Landscape-level processes 



Landscape-level processes 



11

Recap

- Pollination and biological pest control are regulating services provided by mobile 
organisms and fundamental for agriculture

- Landscape ecology is crucial to maximize these services and to conserve the organisms 
that provide them
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Study system 2 Maize



Maize

Maize (Zea mays ssp. mays) origins trace back nearly 9000 years to the Mesoamerican region



Maize

It was domesticated from its wild relative teosinte (Z. mays ssp. Parviglumis) by early settlers

Yang et al., 2019 PNASStaller 2011



Maize

Maize has became a crucial component of subsistence farmers’ diets across the Americas and Africa 

Shiferaw et al., 2011 Food Sec.



Associated biodiversity

Khoury et al., 2016 Proc. R. Soc. B



Associated biodiversity



Associated biodiversity

The principal herbivore groups are stem borers; rootworms; earworms; armyworms; cutworms; aphids, 

leafhoppers and mites.

Capinera 2007



Associated biodiversity

Spodoptera frugiperda

Sesamia calamistis



Cotesia sesamiae

Trichogramma spp.

Associated biodiversity

Cotesia icipe



Planting systems

Milpa is a highly successful traditional mixed-cropping system



Planting systems

Push-pull
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Librán-Embid et al., 2023 Agr. Sus. Dev.



The UPSCALE project



The UPSCALE project

Objectives
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The UPSCALE project
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The UPSCALE project



The UPSCALE project

https://upscale-h2020.eu/


