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Research objective

Maximize use
of on-farm
resources

| Minimize use

The development of long-term sustainable g

ECOsystem resources
services

Marginal Agricultural Land Low-Input Systems '
Crop

yield of bologieal

human health physical and

and food chemical
safety resources

Ensure
economic
/  \ profitability
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Scope

Cropping systems providing biomass for...

Bioenergy
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Research question

How can bioenergy cropping systems of
tomorrow be made more sustainable under

social-ecological aspects?
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Methods

Literature review

Expert opinions
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Results

Main requirements for social-ecologically more sustainable BCSs

(i) A beneficial social-ecological contribution
(ii) The use of marginal agricultural land
(iii) Resilience in face of climate change-related issues

(iv) The use of holistic approaches for systematic implementations of BCSs
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A beneficial social-ecological contribution

Provision of food and shelter for open land vertebrates

Pollinator support (nectar, pollen and habitat functions), e.g. wild plant mixtures
, SE——

https://www.mdpi.com/2073-4395/9/10/605
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https://onlinelibrary.wiley.com/doi/10.1002/adsu.202000037
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A beneficial social-ecological contribution

No invasive potential, e.g. what about cup plant (Silphium perfoliatum L.) in Europe?

OSE‘ou‘rCe: Viktor Koc'h“

@ UNIVERSITY OF https://www.kohlhammer.de/wms/instances/KOB/appDE/Neuerscheinungen-E-Produkte/Spontanvorkommen-
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A beneficial social-ecological contribution

I

Promising-oilseed-crops-for-Europe-which-could-

be-gr&Wn-on-marginal-lands.pdf

mauUal-for-agrongmists-and-stucefrts INI-

confént/uploads/20%9/05/D4.1-Fraining-
format-review as.gof

Univepsity of Bologha, Italy, taken from:
httg?//www.panacea-h2020.eu/wp-
cont&nt/uploads/2019/06/alexopoulou

httpLAWwww.panaced=h2020.eu/wp-

- ~genotype .

Low toxicity, e.g. what about castor bean (Ricinus communis L.)?
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http://www.panacea-h2020.eu/wp-content/uploads/2019/05/D4.1-Training-manual-for-agronomists-and-students_INI-format-review_as.pdf
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A beneficial social-ecological contribution

Miscanthus x giganteus Greef et Deuter)

e.g. miscanthus (
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Groundwater protection
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A beneficial social-ecological contribution

Erosion mitigation, e.g. miscanthus (Miscanthus x giganteus Greef et Deuter)
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The use of marginal agricultural land

Source: Moritxz Wagher
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Marginality constramts
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precipitation

High
temperature

preC|p|tat|on evaporation

Markets

Endangered
surroundings, e.g.
water bodies

-

chemical
properties

— =
Clayey Sandy [_Stonlnesi

(] Main climatical constraints (] Socio-economic challenges @ Combined geophysical constraints
() Combined climatical constraints () Main geophysical constraints
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Marginal agricultural land
Current situation

[ 1No UAA

[ Not Marginal

[ Sub-severe ANC (+20%)
B Severe ANC

UNIVERSITY OF UAA = utilized agricultural area; ANC = agricultural natural constraint; Sub-severe
my HOHENHEIM ANC (+20%) = within the 20% margin of the threshold value of severity.
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Resilience in face of climate change-related issues
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e EUROCORDEX model ensemble

 EC-Earth CCLM
e RCP  scenario
 Time periods:
e 2016 -2020
2046 - 2050
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Two other projections were already re-processed.

https://link.springer.com/article/10.1007/s10113-020-01606-9
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1900 2300 2700 3100 3500 3900 4300

GDD = growth degree days, basic temperature of 10°C
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Marginal areas (%) sorted by agro-ecological zone

m 2050 marginal ® 2020 marginal

Grand Total
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Atlantic South
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Atlantic Central

Pannonian
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Marginal agricultural
2050

[ 1No UAA

[ Not Marginal

[ Sub-severe ANC (+20%)
B Severe ANC

_”\_ UNIVERSITY OF UAA = utilized agricultural area; ANC = agricultural natural constraint; Sub-severe Mé\gfc
Yy HOHENHEIM ANC (+20%) = within the 20% margin of the threshold value of severity. /
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Marginal agricultural land
Current situation

[ 1No UAA

[ Not Marginal

[ Sub-severe ANC (+20%)
B Severe ANC

UNIVERSITY OF UAA = utilized agricultural area; ANC = agricultural natural constraint; Sub-severe
my HOHENHEIM ANC (+20%) = within the 20% margin of the threshold value of severity.




Difference in annual precipitation (mm) 2050 - 2020

March — May September — November
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Most important limiting factors in Europe - Today
and ‘tomorrow’

2020 2050
/
Growing degree days 23% 20% //\\
Precipitation 53% 57% 4»
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Increase in growth
suitability on marginal
European (EU-27)
agricultural lands until
2050 (%)

Guayule
Safflower
Pennycress
Ethiopian mustard
Crambe

Castor bean
Camelina
Calendula
Lupin

Cardoon
Amaranth
Sorghum

Maize

Wheat

Sugar beet
Hemp

Prickly pear
Tall wheatgrass
Switchgrass
Miscanthus
Pencil tree
Willow

Virginia mallow
Siberian elm
Reed canary gras
Poplar

Giant reed
Eucalyptus
Common tansy
Common knapweed
Black locust
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Sorted by
purpose / type of use

Multipurpose crops | Oil / Specialty crops

Lignocellulosic crops




Holistic
approaches for
systematic
implementations
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Dimension

Factor category

Mechanisms

Agronomic
effects
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Plant stands

Morphological traits Physiological traits

e Canopy architecture
* Rooting system

Nutrient uptake efficiency
Nutrient assimilation
efficiency

Photosynthetic activity
Drought/heat tolerance
Pest/disease resistance
Time/period of flowering
Time/period of maturation
Secondary plant metabolites

¢ Flower abundance

T

Combination of different canopy architectures (e.g.
erectophile and planophile canopies) or an earlier canopy
closure (e.g. through undersowing living mulch) can reduce
weed pressure.

Combination of different crop-specific types of resource use
(e.g. shallow and deep rooting species) can increase the
quantity of utilized resources and thus, the yield level.
Drought tolerant species can grow under water limited
conditions (e.g. perennial plant species).

Disease/pest resistant species can reduce the need of
pesticides (e.g. wild plant species).

Successive flowering periods can increase total pollinator
abundances.

Pollinator abundance can increase both yield and quality of
grain crops.

-

Landscape

Field management

Field size

Field shape

Arrangement of fields
Crop succession over time
Field surroundings

Field size reduction and
heterogeneous arrangement can
increase habitat heterogeneity.
Habitat heterogeneity increases
quantity, quality and potential
interaction of ecological niches,
expanding above- and
belowground faunistic diversity.
Faunistic and floral diversity can
improve resilience of soil
ecosystems.

Field surroundings (e.g. natural
habitats, hedges, other fields)
can provide additional
ecosystem services for the
utilized areas (e.g. pollinators,
biocontrol agents).

Wider
range of

Higher
yield and
quality
level

Higher Higher
land fertilizer

crops and
use rate

use rate

Wider
range of
utilizable
products areas

Lower
invasiveness

Improved
soil fertility
of pests and and

pathogens resilience
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Outlook / Next steps

Continuously improve social-ecological sustainability of BCS
* Intensify research on social-ecological impacts & performances of BCSs
e e.g.characterization matrixes

* Development of decision matrixes for site-specific optimization of BCSs
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. .- Thank you for your attention!
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