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Industrial crops

C
Industrial Crops provide valuable biomass resource for high added value products (such as bio-plastics,
bio-lubricants, bio-chemicals, pharmaceuticals, bio-composites, biofuels etc.), biofuels & bioenergy.

Based on 4CROPS (www.cres.gr/4fcrops) & Crops2industry (www.cres.gr/crops2industry) projects are
categorized into four groups: oil, lignocellulosic, carbohydrate and specialty crops.

In MAGIC project (www.magic-h2020.eu) selected industrial crops have been selected to be grown on
marginal lands facing natural constraints (2017-2021).

g £ 4.0 Oil crops
2 588 (crambe, camelina, castor, safflower, rapeseed,
X sunflower, tobacco, etc.)

INDUSTRIAL B4 . Lignocellulosic crops

C RdPS (perennial crops/grasses, fibre crops,

woody species) -

for:

primarily e \
grown for | fes & Carbohydrate crops
industrial R { (sweet sorghum, sugarbeet, corn,

applications = cassava, potato, etc.) : ‘ﬂ Increased and /.‘ Diversified
rather than » e ) | IRS7 ;eszurce-keff.itcri}ent gg and increased |
: . AN N : eedstock wi ’
;oog and R Speciality crops . ; low ILUC for Lanmers
eed uses e | (calendula, lavender, peppermint, : biobased economy | |

coneflower, ribwort plantain, etc.) : )



http://www.cres.gr/4fcrops
http://www.cres.gr/crops2industry
http://www.magic-h2020.eu/

Marginal lands facing natural constaints CJ

e Limited soil drainage [areas which are water-logged for > 6 months
(80 cm) or > 11 months (40 cm)]

e Unfavourable texture and stoniness (relative abundance of clay, silt,
sand, organic matter and coarse material fractions)

SOiI @ Shallow rooting depth (depth from soil surface to coherent hard rock
or hard pan; rooting depth < 35 cm)

e Poor chemical properties (salinity > 3.2 dS/m in topsoil; sodicity > 4.8
ESP in half or more of the 100 cm surface topsoil; topsoil pH < 5.5)

. — —_—/

' ; Climate x soil ® Excess soil moisture (number of days at or above field capacity:

> 210 days)

® Low temperature (length of the growing period < 195 days
or degree-days < 1575)

® Dryness (precipitation / potential evapotranspiration < 0.6)

® Steep slope > 12%

Marginal lands facing natural constraints

according to the JRC report




Marginal land in the EU-28

Mapping the marginal lands in the EU-28
based on biophysical constraints

of total agricultural area

29% inthe EU-28 is

marginal land

Marginal land by main climatic zone

Marginal land (% of UAA)

A% North 71%
AN Alpine 61%
-6- Mediterranean 34%

~~— Atlantic 26%

Source: Elbersen et al. (2018), MAGIC project

Mapping the
marginal lands

In Europe

[T NonuAA

[ Not Marginal

\_J Sub severe ANC (Uncertain)
Sub-severe ANC (Combination)
[ sub-severe ANC (+20%)
[ severe ANC (Combination)
[ severe ANC




Selection of the most promising industrial ,C[
crops for marginal lands facing natural |

constraints for MAGIC project

o Inventory of "~ Setupofa e Selection process
= Development

data sources = database industrial crops identified
on industrial crops (MAGIC-CROPS DB) 67 from previous research ' of smart tools

(300 EU and national projects to support decisions — DSS
projects, 500 articles ...) Vv

crops included in the

Sorghum

MAGIC-CROPS database ‘
v Cassava V‘ /
Final selection of the top 20 * Cotton o
most promising crops for L\ Y Rice y
marginal lands W \
Fruits \.S‘ D &




Selection of the most promising industrial CJ
crops for marginal lands facing natural )

constraints for MIDAS project

How the selection of the most promising industrial crops

Oilseed and specialty crops
@ Camelina, crambe, castor bean 7

1

@ Ethiopian mustard, safflower crops
67 38 2 0 @ Lupin, hemp, cardoon, pennycress
industrial crops crops included most promising
identified from in the crops selected Lignocellulosic crops
previous research MAGIC-CROPS for cultivation @ Perennial grasses (e.g. switchgrass,
projects database on marginal miscanthus, giant reed, reed canary grass) S /
‘ ‘ lands @ Woody species (e.g. willow, poplar) . ps

@ Other (e.g. cardoon, tall wheatgrass, wild sugarcane)

Carbohydrate crops 4

@ Sweet sorghum )
@ Lupin crops \




Selected crops, sites of the trials

<)
W44 MAGIC project: selected crops and field-trial sites across Europe i}

< i Agro- Consortium partners

nvironmenta one B IC. ¥ S

crops that can be (Metzger et al (2005) | zone (AE2)| - feld wials
° * Il MOM - Mediterranean Mountains

cultivated across Europe e

I MON - Mediterranean North 1 FCT UNL, UNIBO,
MOS - Medderranean South UNICT

MAGIC field-trial sites

Universidade Nova
FCT UNL de Lisboa

B ATN - Atiantic North

. ATC - Attantic Central 2 SLO, BN
o Camelina LUS - Lusitanian o . Centro de Investigaciones
I 50R - Boreal ! CIEMAT Energéticas, Medioambientales
C b I CON - Continental 3 38, IBC, INF & MP, y Tecnoldgicas
ram e NEM - Nemoral SILAVA, UHOH
o I AN - Pacnonian ¥ UNIBO Universita di Bologna
= Consorium paneiers T Centre for Renewable
Pennycress Environmental Zone E(E:S;g)y Sources & Activities
I ALN - Alpine North B
5 - il UNICT Universita di Catania
SWItchgrass I ATN - Atantic North
I ALS - Alpine South DLO Wageningen University
% I CON - Continental & Research (DLO)
M. th us ATC - Atlantic Central
Iscan I A - Pamoran NOVABIOM  NOVABIOM
LUS - Lusitanian
ANO - Anatolian
- - MOM - Mediterranean Mountains INRA INRAE
o Black locust 5 gg ‘ I MON - Medterranean North o
L) 9% MDS - Mediterranean South UHOH University of Hohenheim
. . Institute of Natural Fibres
a Siberian elm @ INF&MP .1 d Medicinal Plants
3B 3B - Research Institute
o Industrial hemp 0 SILAVA Latvian State Forest

Research Institute

| L
W o

*Selected crops suitable for cultivation IBC Institute of Bioeconomy Qi ﬁ”

across Europe. " and Circular Economy
N km

f A - 3 S, W
| \7 7 s |
# ‘ \V L. Modified from Elbersen et al. (2018a) and Metzger et al. (2005). ) : W " i
: " b




Suitability of the selected crops

Suitability of selected MAGIC industrial crops across European agro-ecological zones

Share of marginal land potentially suitable for cultivation (%)

Mediterranean Atlantic Continental & Boreal
(AEZ 1) (AEZ 2) (AEZ 3) Suitability level (share of marginal land)

73 10 13

Crop group

Lignocellulosic /
perennial grasses

Herbaceous /
multipurpose crops

Oilseed and
specialty crops

Woody crops

Crop

Tall wheatgrass
Switchgrass
Miscanthus

Giant reed

Wild sugarcane
Reed canary grass

Lupin

Biomass sorghum
Cardoon

Hemp

Crambe

Camelina
Pennycress
Ethiopian mustard
Castor bean
Safflower

Siberian elm
Willow
Poplar

60
59
21

N
[y

(>
o

NN
£ Y]

~N
H

NN
N O

Values simplified from the MAGIC project suitability table; percentages indicate the share of marginal land potentially suitable for cultivation.

- High suitability (= 70%)

Moderate suitability (40-69%)

Low suitability (< 40%)

Key messages

Camelina and crambe
perform strongly across
all three AEZs.

Tall wheatgrass
is consistently suitable
across Europe.

Safflower
is especially suited to
Continental & Boreal
conditions.

Willow and poplar

are particularly strong

in Atlantic and Continental
& Boreal zones.




Suitability maps

S~
\/

7 MAGIC project: suitability maps for selected industrial crops on marginal Iands

Crop Suitability
B Not suitable. multiple factors
I Not suitable, one limiting factor
Marginal suitabifity, multiple factors
Switable. one factor near limit
W Suitable

Populus spp.

Crop Suitability
BN Not suitable, multiple factors
Not sultable, one limiting factor

Suitable, one factor near limit
B Suitable

Marginal suitability. multiple factoes

Masgjc

Willow
Salix spp.

Crop Suitability

BN Not suitable, multiple factors
Not suitable. one limiting factor
Marginal suitabdity, multiple factors
Suitable, one factor near lmit

BN Suitable

Magjc
Biomass sorghum
Sorghum bicolor (L) Moench

Crop Suitability
W Not sultable, multiple factors
Not suitable, one limiting factor

Suitable, one factor near limit
N Suitable

Marginal suitabllity, multiple factors

lllustrative examples: miscanthus, poplar, willow and biomass sorghum \
( . r =
- Miscanthus .u'h‘:: ", Poplar w,‘

Suitability maps were

developed for selected
industrial crops in the

MAGIC project.

The examples shown here
@ illustrate contrasting

suitability patterns across
Europealn marginal lands.

These maps support crop
screening, regional targeting
and decision-support tools.

v ‘44&%& N

Source: MAGIC project crop suitability maps




Miscanthus

Miscanthus
(perennial grass)

Perennial High biomass

C4 grass

" Tested in EU projects

Climate Versatile

Selected as a promising crop
to be grown on marginal lands
(https://www.optima.fp7.eu)

CPTIMASE

Selected as a promising crop
to be grown on marginal lands
(https://optimisc.uni-hohenheim.de/en)

OPTIMISC &

Currently included to be grown
on marginal and/or contaminated
lands (www.grace-bbi.eu)

(7. GRACE

Recently had been also tested
on long-term field trials across Europe
on marginal and contaminated lands.

7
MAGIC

MAGIC long-term field trials
Established in Greece, Italy, Portugal,
France, Netherlands and Germany.
Lifetime 2 to 14 years.

Tested under dryness, unfavorable soil
textures, contaminated and marginal lands
for socio-economic reasons.

Additional new field trials also established
in France and Germany within MAGIC.

Q@ Koo

Key results from MAGIC field trials

Adaptation & establishment
Successful establishment under dry conditions and
on unfavorable soil textures (shallow soil depth, acidity, heavy clay soils).

Marginal & contaminated lands
Good performance on marginal and contaminated lands,
confirming its suitability for low-input systems.

Long-term performance
Stable productivity over multiple years with low input requirements.

Socio-economic potential

Provides biomass for bioenergy and a range of bio-based products
while contributing to land rehabilitation and climate mitigation.

Dry matter yields (t/ha)

35,0
30,0 |
25,0
25,0
15,0 |
10,0

> i (]

0,0 ==}
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Switchgrass O

¢ Switchgrass | .....

(perennial grass) V for marginaiicaic el

@ Switchgrass was selected in the OPTIMA
project (www.optimafp7.eu) as a promising
crop for cultivation on marginal lands.

In MAGIC, long-term switchgrass field trials have been
e R e s 07 7 s established under dryness, unfavourable soil texture (shallow
Switchgrass in the 219 and 15t years @ A large variety of cultivars can be successfully soil depth, heavy clay soils) and marginal lands for socio-
(source: CRES) cultivated across Europe. economic reasons:
Long-term trials in Europe have shown mean

dry matter yields of about 10 t/ha on 5
marginal lands. Dry matter yields (t/ha)

. 24 22,4

Tested in MAGIC under ' 20,5

challenging conditions 20,0
Ir'\/MAGlC, long-term switchgrass field trials
were established under dry conditions, 15,0
on unfavourable soil textures (shallow soils,
heavy clay soils), and on marginal lands for 10,0
Socio-economic reasons.
Long-term field trials were established in ’ 50
Greece, Italy, the Netherlands and Ukraine, [ ;
with lifetimes ranging from 2 to 20 years. \ | |

i : s 0,0 - ——
V’V\i‘t’r“’i':'m‘aégeld trials were also established CRES (Greece), CRES (Greece), (CRES (Greece) ~ INRAE  IBC (Ukraine),
i site 1 site 2 site 3 (France) site 1

Switchgrass was tested in five sites in MAGIC.

High yields were recorded in Ukraine and Greece. - o




Willow

Willow (Salix spp. )

Sallcaceae famlly 4 and waterloggedlaan

Key characteristics

Grows in a variety of soils with

pH 5-7.5. Dry matter yields (t/ha)

Roots tolerate highly anoxic
conditions. 12,0 11.3

Can be planted in waterlogged [ e
conditions. 10,0 +— ! - ;

High tolerance to soils with 80 | 7.2 | .
heavy metals. \ ‘

6,0
Suitable for phytoremediation. \ |
40 || .
Tested in MAGIC under 2,0 |
challenging conditions 0,0 . |

. ; 3B (Poland) IBC (Ukraine), IBC (Ukraine), SILAVA (Latvia)
In MAGIC, willow was tested in long-term site 1 site 2

field trials established under a) excess
soil moisture and b) unfavorable soil texture.

_ Willow was grown in three European countries
+ '3 3 (Poland, Ukraine and Latvia) in MAGIC.
Trial lifetime ranged from 5 to 13 years. » ! High biomass yields were recorded in Poland
New field trials were also established and Ukraine, while yields in Latvia were

in 2017 and 2018 in Latvia and Ukraine less than 4 t/ha.

on marginal lands with unfavorable texture
and stoniness soil (clay).

Long-term field trials were established
in Poland, Ukraine and Latvia.




Camelina a key industrial crop for MAGIC

Camelina cultivated in MAGIC:
field trial examples from Poland and Italy

lllustrative examples from selected marginal-land trials

| Camelina was among the selected industrial crops
\ﬂ cultivated and evaluated in the MAGIC project.

il Key findings

P Camelina yield was strongly affected by slope.
@@ ® At 15% slope, seed yield reached 2 t/ha.

® At 25% slope, seed yield was below 0.5 t/ha.

These examples highlight both the cultivation potential of camelina
and the strong influence of site conditions on performance.

Q@ Italy (UNIBO): camelina trials on sloping land




Hemp trials

)

, % N Q Germany trials (UHOH, 2018-2021)

[ Germany: stem dry matter yield (t/ha)
se In Germany, hemp trials were carried 12 - Wa0kghha Ba20kehine |

out for MAGIC by UHOH from 2018 to 2021. )
S 10
Two row spacings were applied: s
¥:¥  15cmand 45cm. 2 8
W = Two nitrogen rates were tested: % 6
X % | n 40 and 120 kg N/ha. £ 4/
= : I Stem dry matter yield generally 'g 24
: L . - w ol increased at the higher nitrogen rate g ol n.a.
‘2 and was often higher at 15 cm spacing. 15cm 45cm | 15cm  45cm | 15cm 45cm 15cm  45¢m
{!J The highest recorded stem dry matter 2018 2019 2020 2021

yield was about 8.8 t/ha. \

Q Greece trials Greece: biomass response to irrigation and variety

‘}e In Greece, two varieties (Futura 75 and 30 M DBY (t/ha) M DSY (t/ha)

Futura 83) were cultivated under three ® 25 4
irrigation rates: 25%, 50% and 100% of PET. =20/
: 2 15
Y Futura 83 was more productive than e o)
Futura 75. g . .
£ 5
‘ Crop performance improved as irrigation = n 2 1B  Eutura83  Futura75  Meai
increased from 25% to 100% of PET. (25% PET) (50% PET)  (100% PET)
Industrial hemp showed good In Germany, row spacing and In Greece, irrigation level and
||| productivity in MAGIC trials under + nitrogen application influenced ‘ variety strongly affected

different management conditions. stem dry matter yield. biomass production.

Source: MAGIC project field trials




Harvesting activities

Castor bean harvesting activities in MAGIC
Central Greece case study by CREA, UTH and CRES

About this activity
This slide presents harvesting-related field

activities for castor bean in Central Greece

View of the castor bean
field trial in Greece after

within the MAGIC project. herbicide application
to stop growth.
Harvesting equipment and headers

; Cereal header | = Sunflower header

I

o AVEBAEREL,

Harvesting activities were Different combine harvester headers The field images illustrate crop
demonstrated in Central Greece were examined for castor bean condition before/after growth
within the MAGIC project. harvesting. termination and during harvest

evaluation.




Harvesting activities

\0 Additional harvesting activities in MAGIC Mag C

Camelina and cardoon harvesting trials in Italy

Apart from castor bean, additional harvesting activities were also carried out for camelina and cardoon.

\% Cardoon harvesting trlal 3

Location:

Location: - Maccarese, central Italy
Ozzano, Italy b Trial size:
18.32 ha
Collaboration: Site conditions:
CREA & UNIBO clay soil with frequent water
stagnation
Harvester used:
Slope: FiatAgri L624 combine harvester
15%
Effective seed yield (ESY): 0.9 t/ha
Crop: Working speed: 4.9 km/h

Camelina cultivar Alba Theoretical field capacity (TFC): 2.36 ha/h

0000000 © @ “

Average seed yield: Effective field capacity (EFC): 2.0 ha/h
; ; e 1.52 Mg DM ha-! T~ T o T
View of camelina harvesting tnal in ItaIy (June 2021) View of cardoon harvestmg in Italy (August 2020) Field efficiency (FE): 87.24%
Material capacity (MC): 1.8 Mg/h
0 Camelina was successfully harvested & 3% Cardoon harvesting was demonstrated _
on sloping land under MAGIC conditions. Y, \i i ( ﬂ / under wet clayey field conditions. ,,
Key MAGIC evaluated harvesting The trials demonstrated the use of 0 Operational performance and yield data
= messages feasibility not only for castor bean, conventional combine harvesting help assess the practical suitability Q ‘
g but also for camelina and cardoon. systems under contrasting field conditions. of industrial crops on marginal lands. >




Selected value chains o~

° ° Q .4
Selected value chains analysed in MAGIC Mag;/
Industrial crops, conversion pathways and target products a IC
Lignocellulosic crops ||/, Oil crops auV ; Carbohydrate /
) 4 s VA multipurpose crops
Conversion . Conversion ; Conversion -
Crop pathway Main product(s) Type Crop Dottty Main product(s) Type Crop pathway Main product(s) Type
ﬂg‘z : : . Energy ¢
P/ Miscanthus > Pyrolysis Z  (industrial heat) ” ‘ Energy I Safflower » Oidative o Acelaicand A Industrial | Mechanical , Insulation > a
v cleavage pelargonicacid ~ . oL hemp processing il Material
@' Poplar > Gasification » fsnﬁgg)y » & Energy -
< : : Methyl A Anaerobic a) heat & power 6
Metath » Sorgh
Camelina » Metathesis » décanoate ot orghum » Sigestion > K Hidimethane > Energy
Switchgrass » Fermentation » Ethanol > Eﬂ Fuel
e A Several A o
D cias . Biochemicals Castor » oleochemical » Diacids > Lupin » Extraction > Adhesives >
@ Willow > Pyrolysis > (biobitumen) > e - processes Biochemical i Material
- iochemica

Crop group colours:

Output type icons:
i & Energy B} Fuel A Biochemical Q Material
‘ Lignocellulosic crops ‘ Oil crops ’ Carbohydrate / multipurpose crops

Value chains selected in MAGIC for further analysis.




What can you find on the MAGIC website?

Tools, data and practlcal knowledge for industrial crops on marglnal lands <4

MAGIC-MAPS

Maps and analysis of current
and future marginal land in Europe
facing natural constrraints.

Soil constraints
B Water constraints
B climate constraints
- [ Mutiple constraints

Public deliverables &
reports

Mapping, crop selection
breeding, agronomy,
harvesting, logistics.

Farmers’ guidance
& good practices
Low-input cultivation

MAGIC website

)
Magjc

Marginal lands for growing
Industrial Crops

CONVERT

MAGIC-CROPS MAGIC-DSS Bio2Match

l ' Database describing 37 industrial

crops suitable for growing
on marginal land in Europe.

for selecting and growing
industrial crops under

suitable conversion technologies
and helps identify optimal

Decision-support guidelines I Matches biomass resources with

marginal conditions. biomass-technology combinations.

Value chains &
sustainability

. Environmental, economic
and profitable crop and social assessments

guidance. and policy recommendations.

v g ia

@& www.magic-h2020.eu

Site conditions

Crop selection
Management options
4 Expected outputs

2 Sustainability indicators

Publications & training 2 Practice abstracts
Peer-reviewed papers, 3 & dissemination _
Farmer/end-user practice

webinars, training and

demonstration videos. abstracts, events and

outreach materials.
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From MAGIC to MIDAS

Building on MAGIC knowledge to demonstrate and upscale sustainable value chains
of industrial crops on marginal lands

e
Mégfé
Marginal lands for growing

Industrial Crops

Pillar 1
Crop & cropping systems
optimization

Optimize climate-resilient and
biodiversity-friendly industrial crops
and cropping systems for marginal
lands through breeding and agronomy.

Pillar 2
Value chains & biomass use

Improve the functional performance

of specific value chains and products
and increase resource use efficiency
for non-edible biomass in a biorefinery
concept.

Key outputs from MAGIC

Identification and characterization

of marginal lands in Europe
Selection and evaluation of industrial crops
Agronomic and environmental performance
Initial value-chain options and conversion routes
Data, tools and guidance

\

MAGIC

provides the scientific
and technical foundation
for MIDAS

K Mapping of
7 marginal lands

Selection of
promising industrial
crops and varieties

Agronomic know-how
(cultivation & harvesting)

Preliminary value-chain
concepts and conversion
! pathways

Data, tools and
decision support

(e.g. MAGIC-DSS)

Y

»
-
>
>

-

MIDAS

) Marginal Lands for Industrial Crops
MIDAS demonstrates and upscales sustainable
value chains of industrial crops on marginal and severely
degraded lands in Europe.

Camelina

Miscanthus Poplar Safflower Industrial hemp
Lignocellulosic Lignocellulosic Oil crop Oil crop Multipurpose
(energy) (biochemicals)  (biobased products) (biobased products) (insulation, composites)

From trials to sustainable value chains

s

Field trials Sustainable Biorefinery Market &
on marginal lands production conversion scaling
Multi-location Optimized agronomy Multiple products Business models,
demonstrations and harvesting and co-products policy outputs,
replication




Specific objectives of MIDAS

Understand
marginal land potential
and ecosystem services

Optimise industrial
crops and cropping
systems

® Improve understanding of current ®
and future marginal land for
low-ILUC biomass production

@ Assess biodiversity and ecosystem
service challenges and co-benefits

@® Upscale results in spatial and
socio-economic terms

WP1, WP5, WP6

Optimize selected industrial crops
for marginal lands

@ Use modern biotechnologies and
tailored agronomic practices

® Develop low-ILUC cropping systems
(e.g. intercropping, agroforestry)

MARGINAL LAND
POTENTIAL

OPTIMISED
CROPS & SYSTEMS

o

Develop and demonstrate @4 A 1
case studies on marginal
land

@ Develop case studies of low-ILUC
cropping systems

@ Test intercropping and agroforestry
on marginal agricultural land

© Demonstrate results at farm level
for present and future systems

DEMONSTRATION
IN THE FIELD

> (lel

BIO-BASED PRODUCTS
& VALUE CHAINS

S~
\/

O

Develop innovative
bio-based products
and value chains

® Develop innovative bio-based products
(biochemicals, composites, elastomers)

@® Follow a biorefinery concept

® Enable circular use of biomass and
sustainable value chains

SUSTAINABLE
AND CIRCULAR
BIOECONOMY

> (&




Key elements of MIDAS

MIDAS WP2, WP3 MIDAS WP4
N Y

. - M.

SUSTAINABLE BIOMASS SUSTAINABLE BIO-BASED BIO-BASED PRODUCTS MIDAS SUPPORTS THE
PRODUCTION ON VALUE CHAINS AT TRL 7 FUROFEANEEEN DEAL
MARGINAL LANDS . e | | TGN e A AN
To be certied as low ILUC y L T R SIcHamTicu BIOECONOMY STRATEGY
Optimize climate-resilient and feasibility, viability, scalability
resource use efficiency crops . bl
iomat g .
—> R 35 ’ Environmental assessments and i ’ ssio) b Climate action
. g . Towards climate change R ¢ S :
Applying innovative low ILUC cropping Giisrass vk and eiises [ ; biodiversity restoration potential
systems on selected raw edible scarcity in Med region Q Elastomers 33 .
(industrial): oilseeds, fibres, T ) ; &  Circular economy
dryland shrubs, woody species oPe Integrated strategies across :
. the value chain O Aiming at replacing their _
fossil based counterparts and ‘. Biodiversity &
] Deliver sustainable, high-quality 04 Cope with biodiversity : circular use of biomass ¥ ecosystems
v=| biomass with minimal competition '&6 challenges and * Cross-sectoral collaboration
for land ecosystems services and stakeholder engagement l Green growth &
l' rural innovation
. J &= Z)
A L \ J
[ S
I
\
EXAMPLES OF MARGINAL LAND CROPPING SYSTEMS | ettt - s MIDAS WP6 N

\

|

| SUSTAINABLE BUSINESS PLANS IN EUROPEAN
: FARMS WITH MARGINAL LANDS
l

T e ——— - ’
™ ‘_*..'Shq—w.
By ] Explore realistic O/ Design sustanable .o‘ Empower European
2=t 1 farmers
' MARGINAL LANDS, INDUSTRIAL CROPS revenue models business plans "' = e

communities

AND INNOVATIVE BIO-BASED VALUE CHAIN

Qilseeds Fibres

i

Woody species

Dryland shrubs )

Mapping of
marginal lands

Innovative Cropping Systems
in 9 countries (13 sites).

11 innovative bio-based products
following a circular use of biomass.

3 innovative sustainable
value chains.

3 sustainable
business plans




Key industrial crops for MIDAS

Oilseeds

(crambe, castor,
safflower, carinata)

Lignocellulosic

crops
(fibres, perennial

grasses and woody
species)

Dryland shrubs

(guayule, lavender)

Annual crops (winter/
spring) providing seeds
(oil and seed meal) and
residual biomass

Hemp and sorghum
(annual), miscanthus
(perennial grass), willow,
poplar and Siberian elm
(woody species)

Perennial crops; guayule

is better suited to southern
Europe, while lavender

has wider coverage

Biochemicals
(oleogels, biolubricants,
biostimulants, mulch films)
and bioenergy

Biomaterials

(MDF panels, insulation
materials, nanocarbons,
biochar) and bioenergy

Elastomers (latex for
gloves, rubber for tyres)
and biochemicals
(resins, plant protection
products)




Mapping the marginal lands; steps forward

What new MIDAS brings to marginal land mapping in the EU27 Y

Building on the MAGIC foundation . o l
Starting point from MAGIC MIDAS advances

< Initial marginal land 1 Updated EU27 9  Detection of abandoned 3 Biodiversity and

= mapping framework marginal-land mapping marginal arable land ecosystem services integration

Refined and expanded Identification of land A framework to include
Future projections mapping beyond the at risk of abandonment ecological value in the
I'I and additional regions original MAGIC approach. ﬂq and underuse. land-classification system.
2% ¥

Project website StoryMap s‘
and first comparative \’
mapping results

/* I Crop-yield simulation 5 Upscaling with field 6 Socio-economic KPIs

with AquaCrop case-study data at NUTS3 level

Linking land suitability Using crop yields from project Adding territorial indicators

Pec * l‘e with yield performance. &/ field trials to improve to support decision-making. e

regional mapping.

l 3 .‘

Key message: MIDAS moves from static mapping Preliminary insight: around 39% of Europe’.s
toward an integrated EU27 system that combines ol arable land may be characterized as marginal,
biophysical constraints, biodiversity, ecosystem services, with lower shares expected in central and

crop performance and socio-economic indicators. northern Europe and higher shares in the south.




Key breeding activities in MIDAS for selected industrial crops

Two optimization pathways in MIDAS: breeding and agronomy.

Y

Activity

1

Key breeding activities for selected

Industrial crops

Miscanthus hybrids developed by WU
in collaboration with VanDinterSemo BV
within the GRACE project.

Selection and evaluation of promising
miscanthus breeding material.

Development of molecular
breeding tools for industrial
orphan crops.

Including transformation and gene-editing gRNA Vector Cas9 Miscanthus Knock-out line
approaches for miscanthus improvement. with gRNA transformation



Innovative cropping systems for MIDAS {}
industrial crops |

- Agroforestry system N Intercropping system ~

Perennial component: willow, poplar or Siberion elm Perennial component (tall grasses) varies depending on location
Perennial Perennial Perennial Perennial
crops crops crops crops
(6-10m) ~ (6-10 m) (6-10 m) (6-10m)

ALY 4

< \;\\“"4”/

Annual crops can be safflower, castor,

k& Mixed system: woody perennials + annual crops 2 i D B Fa e 3
Case study partners ( Fﬁ o — D
; e A (Spdtl et al., 2002) . . §
Bl MOM - Medtorranean Mountans A Vo aa .
¥ UNIBO(IT) @ CIEMAT (ES) B MON - Meciterrancan North 1
¥ UNICT (IM) MDS - Mediterranean South
¥ NOVAMONT (IT) ¥ CRES/AUA (GR) B ATN - Atartc North
¥ CIEMAT (ES) | ATC - Atlantic Central 2
& ITAP (ES) % CREA(T) LIS - Lushanion
¥ CRES/AUA (GR) ¥ SOLTUB (HV) B 50R - Boreal
¥ GUATECS (FR) & FCF (PL) = ;Ozm E
¥ UHOH (DE) B s
¥ IFVC (RS) >4
\‘ HempCzech (C2) J () Patrers responsitie Partmes —_
for the cate studies resporabie for 3
reghcaton case
0 > K 3
- N : )




Two innovative cropping systems;
Intercropping and agroforestry

: ;fﬂower C;rdwn Castor : Safflower Cardoon |,
T TR A DS R o M B e N S S TR o T

Marginality conditions: steep slope (>15%) and

sandy clay soil (46% sand).

Crops: cardoon (perennial), safflower, crambe

W and industrial hemp (annual crops). Agroforestry case study in Rome, where innovative
~~ Adaptive change: castor bean was initially % ’ cr‘op.ping systems are being developed and applied
R~/  established, but it was replaced by safflower in the within MIDAS.

i Example of diversified land use integrating
¥ Seed yields (2nd year): cardoon 1.6 t/ha; crambe 0.6 t/ha; Qe woody vegetation and crop production.

N safflower 1.0 t/ha; hemp 0.1 t/ha.

= T ——

L ” . MIDAS explores innovative low-ILUC cropping systems adapted to marginal lands. — m “‘




The MIDAS value added bio-products from -~
the MIDAS industrial crops \J

Biolubricants

Biostimulants
Mulch films O

b
B

'l ‘?, Oil-seed

pr'?otzcﬁm )‘ @D crops / Nanocarbons
... Lignocellulosic /s ‘ |
o — D + (e \th )

. 0 y Specialty»

crops

“*+a/  Biochar
Adhesives | ‘
and * ‘e s | 4 y /
coatings A e for Rubber for \

, ek /" Bioenergy
RS P ¥ 2

11 bio-based products (mulch films, biolubricants, biostimulants, plant protection
products, latex for gloves, rubber for tyres, MDF boards, particleboards, nanocarbons,
biochar, adhesives and coatings) produced at TRL 7.




The valorization pathways for safflower =

From oilseed to bio-based products for sustainable agriculture

CROP OUTPUT INTERMEDIATE PRODUCTS FINAL APPLICATIONS
(Quantity per hectare)

MULCH FILMS

A SAFFLOWER OIL Biodegradable films
e . 300-600L/ha for soil mulching and
(30% oil content moisture conservation

i OO§ ol = in seeds)

BIOHERBICIDES
Natural weed control
SEEDS solutions
— (1-2t/ha) = SEED MEAL (CAKE)
SAFFLOWER S8y 0.7-1.41/ha,
N ven-dried il BIOSTIMULANTS
(O"‘SEED) Enhance plant growth,
nutrient use efficiency
@ E,'::ght oy ’0 g and stress tolerance
’ Grown in marginal RES'DUAL RES'DUAL BIOMASS
lands

D S?:pports circular carbon sequestration
bioeconomy hulls and other residues) and water retention

(2-4 t/ha) RS (stems, leaves, p ;

' Improved soil health | ‘?, . Sustainable crop . | Reduced environmental
(e > and fertility ~ *""77° > | w7 Producton T > | ﬂ impact Tttt
e

‘0’ Integrated safflower biorefinery approach: oilseed production, co-product valorisation

e and circular bio-based agricultural inputs.




The valorization pathways for miscanthus -~

From lignocellulosic biomass to bio-based products and renewable energy

CROP OUTPUT FINAL APPLICATIONS
(Quantity per hectare)

MDF PANELS
Lignocellulosic feedstock
BIOMASS AS for fibreboard and
HARVESTED panel materials
6-15 t/ha,
oven-dried —— BIOCHAR
TN L Carbon-rich material for
soil improvement and
(t'dGl SOCCAEH-EI{'(IJEIE) l carbon sequestration
] st RESIDUAL BIOMASS BIOENERGY

Residual biomass used
for heat, power or
biofuel production

processing residues /
lower-value fractions

Low-input and
drought tolerant

@ Supports circular
bioeconomy é
? > : ﬂ Renewable - ‘?, Sustainable > f\ eRr?Sil:gﬁ:wental
oooooooooooooooo \ = RO Y biomassuse eescvovee p eecssesce®
materials ‘ﬂ et

‘0’ Integrated miscanthus biorefinery approach: biomass valorisation for materials,

i carbon-rich products and renewable energy.




The valorization pathways for guayule

INTERMEDIATE PRODUCTS

(Indicative quantity per hectare)

" TYRES USING )
{ NATURAL RUBBER | A i
‘ ) Natural rubber for tyre
~0.3 t/ha mean manufacturing and
up to ~0.6 t/ha in elastomer products
best accessions /’
\ : BUILDING MATERIALS
TR > 7%, HARVESTED —p : ' Lignocellulosic feedstock
& 7 BIOMASS v for panels and composite
G U AYU L 7 4-6 t/h materials .
~4-6 t/ha, = —
(RECALTBR SHRNE) Ly dry matter RESIDUAL BIOMASS BIOCHAR
@ Alternative natural \_ i (BAGASSE) Carbon-rich material for
rubber source \ ~3.5-5 t/ha soilbimprovement gnd
@ Adapted to arid and indicative lignocellulosic — carisequestratuon —
semi-arid regions fraction /\ BIOENERGY :
@ Supports circular } e ?es::iuatl biomass used
. or heat, power or
N biceconomy o P /\ U biofuel production
Y N / ﬁ \ Renewable Co-product ! @ \ Reduced A
"""""""""" materials  **°**"***CC valorisation ~ *"****""*° | environmental treeceseeeseesd
\\_/'/ \J impact

Integrated guayule biorefinery approach: natural rubber production and

valorisation of lignocellulosic co-products for materials, biochar and renewable energy.

== Indicative values based on University of Castilla-La Mancha field trials; yields vary with accession,
NS crop age, irrigation and harvest cycle.
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