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Ecosystem services

2010

The Economics of

Ecosystems and Biodiversity

Ecological and Economic
Foundations

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

Synthesis

Pushpam Kumar

34
Q.IT MILLENNIUM ECOSYSTEM ASSESSMENT




Ecosystem services

Regulating services
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Biological pest control
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Weeds

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




Colorado Potato Beetle (Leptinotarsa decemlineata Say)
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Biological pest control

Significance of natural (biological) pest control

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

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

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

Oerke 2006 JAgSci
Pimentel 2008 EnvDevSust



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
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Landscape-level processes

Landscape Landscape

composition configuration
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Landscape-level processes

Measures of landscape complexity / heterogeneity




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
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Maize

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

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

Staller 2011
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Maize

Million ha or tons

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

Central America and Mexico
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Associated biodiversity




Associated biodiversity

The principal herbivore groups are stem borers; rootworms; earworms; armyworms; cutworms; aphids,
leafhoppers and mites.

Feeding behavior

Primary taxon

Common name

Scientific name

Location

Southwestern corn Diatrea N., C. America
borer grandsiosella

Neotropical corn Diatrea lineolata C., S. America
borer

Sugarcane borer Diatrea saccharalis | Americas

Asiatic rice borer

Chilo su%resaﬁs

Asia

Feeding behavior Primarytaxon Common name Scientific name Location
Foliage (leaf), Lepidoptera Fall armyworm Spodoptera Americas
chewing frugiperda
E— -
African armyworm Spodoptera exempta | Asia, Africa
Commeon armyworm | Pseudaletia Asia, Europe, Africa,
unipuncta America
Maize webworm Marasamia Africa
trapezalis
Coleoptera Grey weevils Tanymecus spp. Asia, Europe
Foliage, Hemiptera Corn leaf aphid Rhopalosiphum Asia, Europe, Africa,
piercing-sucking maidis America
Corn delphacid Peregrinus maidis Americas
Corn leafhopper Dalbulus maidis Americas
African leafhopper Cicadulina spp. Africa
Chinch bug Blissus leucopterus N. America
Acarina Twospotted Tetranychus urticae | Asia, Europe, Africa,
spider mite America
Banks grass mite Oligonychus C., N. America
pratensis
Stalk, chewing Lepidoptera European corn borer | Ostrinia nubilalis Asia, Europe, Africa,
N. America
Asian corn borer Ostrinia furnacalis Asia
Lesser cornstalk Elasmopalpus Americas

borer

lignosellus

Spotted stem borer | Chilo partellus Asia, Africa
PINK stem borer Sesamia cretica Africa
African pink stem Sesamia calamistis | Africa
bore-r
Mediterranean corn | Sesamia Europe
borer nonagroides
Asiatic pink stem Sesamia inferens Asia
borer
—
African maize stalk Busseola fusca Africa
borer
E—
African sugarcane Eldana saccharina Africa
borer
Potato stem borer Hydraecia micacea | Asia, Europe,
N. America
Cutworms Various Asia, Europe, Africa,
Americas
Termites Microtermes spp. Africa, Asia
Diptera Frit fly Oscinella frit Europe
Shoot flies Atherigona spp. Asia, Africa
Coleoptera Epilachna beetle Epilachna similis Africa
Ear, chewing Lepidoptera Corn earworm Helicoverpa zea Americas
Corn earworm Helicoverpa Asia, Africa
armigera
Western bean Loxagrotis albicosta | N. America
cutworm
Diptera Cornsilk fly Euxesta spp. Americas
Coleoptera Dusky sap beetle Carpophilus lugubris | Americas

Capinera 2007




Associated biodiversity
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Associated biodiversity

Trichogramma spp.

Cotesia sesamiae




Planting systems

Milpa is a highly successful traditional mixed-cropping system
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Planting systems

Push-pull
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Combining Milpa and Push-Pull Technology
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The UPSCALE project

UPSCALE European partners

[ Germany, Serbia, Sweden and
Switzerland

Created with mapche

UPSCALE African partners

[} Efhiopia, Kenya, Rwanda,
South Africa, Tanzania and
Uganda

Created with mapchart.net




The UPSCALE project

Objectives

WP1 Multi-actor transdisciplinary coordination

Plants to
Fields

% Increase input efficiency and
productivity
% Minimize nutrient loss

WP2 Determinants of
push-pull success

WP5 WP7 Barriers to adoption
I Knowledge and opportunities for
synthesis improvement across the

WP3 Functional mapping for value chain
Farms to % Maintain ecosystem services and for mechanistic —, targeted WP Project
iodi i rediction i
Landscapes OChY : Upstaling S —

% Minimize habitat loss and land ! e and

. degradation chgngmg coordination
N WP 4 Social-ecological climate

impacts of enhancing WPS8 Disseminate and

push-pull across scales

implement push-pull across
/ regions
WP6 Co-constructing transdisciplinary push-pull

expansion pathways

>

.

Maximize environmental value
Minimize trade-offs
% Accelerate the rate of change

Regional to
Internat’l
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The UPSCALE project

* Sampled non push-pull field

Sampled push-pull field

1 km? landscape sectors
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The UPSCALE project

Planned sampling in 40 fields
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The UPSCALE project

https://upscale-h2020.eu/

UPSCALING THE BENEFITS OF PUSH-PULL TECHNOLOGY FOR
SUSTAINABLE AGRICULTURAL INTENSIFICATION IN EAST AFRICA




