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Limits and Potential of Industrial Hemp in ltaly

Quality Fiber for Textile;

Technical Fiber, Shives and Markets;
Hemp Decortication: experiences in Italy and Europe; CANAPAFORUM 2022
Hemp Seed: Food and Cosmetics;

Industrial Use of Flowering Tops and Extracts;

CBD and other active principles production: business cases;

Hemp Politics and Regulation outside Europe;

Outlook on European and Italian regulation — Round table;




Hemp as a model for the bioeconomy |

A natural biorefinery

MultiHemp
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& MultiHemp

Biorefinery concept

Key aspects:

Mechanisation of harvesting
. and fibre separation

Innovative extraction process

Innovative varieties

Disorderd ,
hemp (<

(DH) Nf\’

I e

Decortication

Separation
& '
refining
Short Shives
hemp

e Fe e 3
R SR PR SER
Bk 33_;%" Wik 33..:%' :
ot O L UNIVERSITA
CATTOLICA
RS  she del Sacro Cuore
{} Harvest

! ! ! ! Longitudinal
STaEY ) hemp
Threshing Seeds ‘-_:_Z-.E: (LH)

residue

'l Innovative on N\

sential # extraction "« & \

olls ' press cak ‘
Fibre bypass | g

A * Dust ,

’
1 Innovative

’
’
’
extraction “« ;! @
- Waxes & | s

’
phytsterol )
’

"
’
' e ‘ ! 1:3 Retting liquor
. »® )
\.i ibre t,v;:-.uu:.-'," ‘
. . Bio- , Innovative!
A b degumming | / \extraction
J ! J ! 2 )
Peaclines
'‘Bulk' Long
hemp

‘ aromatics (
hemp



MR- UNIVERSITA
SR CATTOLICA

>¥  del Sacro Cuore
AN

Hemp as a model for the bioeconomy

v Exploit and valorise the whole plant in a complete value-chain;
v" It also produces food (good for the food vs fuel debate!);

v Low input / High Resource Use Efficiency;

v Additional environmental benefits (marginal, polluted land);

v Produce innovative, recyclable, sustainable materials ... that have a market!
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Technical Fiber, Shives and Markets;
Hemp Decortication: experiences in Italy and Europe; CANAPAFORUM 2022
Hemp Seed: Food and Cosmetics;

Industrial Use of Flowering Tops and Extracts;

CBD and other active principles production: business cases;

Hemp Politics and Regulation outside Europe;
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Outcome of the Multihemp stakeholder-meeting

 What are main technical constraints of the hemp value chains?
 What is needed to increase hemp cultivation in Europe to 100,000 hectares?

v’ Enlarge the market of hemp products

v’ Fibre quality issues (weather dependent, cultivar decorticability and fiber
content)

v Dew-retting model

v’ Grading system (mixing different qualities)

v’ Mechanisation of harvest (reduce harvesting time to target favorable conditions)
v’ Long term cultivation sustained by contracts/ size of the processing plant

v New varieties (dual purpose, improved quality, cannabinoids, seed yield, etc)
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Multipurpose, dual purpose or just a seed crop?

Are there suitable Italian varieties?

Have we got an effective cultivation system?
Retting or no retting?

Harvesting?

Fibre extraction technology?

14
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Multipurpose hemp for industrial bioproducts and biomass

Industrial Crops and Products 87 (20167 3344

Contants lictz available at ScienceDirsct ?
INDUSTRIAL CROFS

AND FROBUCTS
Industrial Crops and Products W
journal hemepage: www.elsevier com/locate/indcrop >
Comparing hemp (Cannabis sativa L.) cultivars for dual-purpose (!)memm
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Multipurpose hemp for industrial bioproducts and biomass

... the lower is seed yield.
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Multipurpose hemp for industrial bioproducts and biomass

Availability of suitable genotypes for multi-dual or single purpose
* Sensibility to photoperiod

® BIOmaSS quallty » cultivator: Felina ' cqltivator': Carmagnola |
£FI(l) e}
D a
FL(2)IP
Ryev(x) = Dy X =
fT(3) e E
D3 - ;'-:_ : ‘
' s 50 100 _ 150 200 250
150 260 250 day of year

| 50 100
it // = day of year
/ =3 - l‘.

-  mp [ foOpP

! £
i

Amaducci, S. et al, 2008. Eur. J. Agron., 28, 90-102.
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Hemp phenology

Felina 34 (Calibration)
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Amaducci et al, 2012. Ind Crops Prod, 37, 100-110. Tang et al, 2016 Ind Crops Prod, 87, 33-44
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Determination of hemp seeds production...is a difficult task! ,
%z CATTOLICA

* High within plot variability (flowering time and plant height)

* Inhomogeneous seed maturity

Cross pollination limit the possibility to study seed quality

Bird predation
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Variety Total oil content (%)
FIL 37.64 -
E68 36.41 +
F12 35.58 - -
UFR 34.78 +
F75 34.74 =+
F32 34.47 +
F79 34.40 -
MAR 34.25 - -
BIA 34.17 +
F17 34.12 - -
UDE 34.06 +
MON 33.51 - -
S27 33.08 =
JUB 32.85 - -
DIA 32.64 +
CS 32.53 - -
KOM 32.05 +
ELE 31.53 +
KCD 31.28 3
CML 31.25 - -
TIB 30.73 +
IVO 24.87 - .

Calzolari et al, 2021. Food Res. Int., 142, 110212.



Commercial varieties oil & cannabinoid content

Variety

Total oil content (%)

FIL
E68
F12
UFR
F75
F32
F79
MAR
BIA
F17
UDE
MON
S27
JUB
DIA
CS
KOM
ELE
KCD
CML
TIB
IVO

37.64
36.41
35.58
34.78
34.74
34.47
34.40
34.25
34.17
34.12
34.06
33.51
33.08
32.85
32.64
32.53
32.05
31.53
31.28
31.25
30.73
24.87
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Calzolari et al, 2021. Food Res. Int., 142, 110212.

Santhica 27
Uso 31
JUBILEU
Zenit
Santhica 70
Ferimon
Monoica
Ivory

Diana

F79
Carmaleonte
Fedora
Kompolti
Felina
Markant
Futura 75
Eletta Campana
Fibranova
CSs
Codimono
Carmagnola
Bialobrzeskie
Antal

Tiborszallasi
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SMD of annual THC concentration (%) (var; vs vary,)

-1 0 1

2

0 ('O) EXE3

0.02 (0) ***

0.01 (0) *
P (0)

0.07 (0.0%)

0.09 (0.06)
@

0.09 (0.01)
0.09 (0.01)
0.1/(0.01)
0.1 (0.02)
0.1 (0.01)
0.09 (0.01)
e (13.11 (0.01)
@ 14002
e 30.11 (0.01)
e @0

‘ 0.11 (0.01)
“ 0.12 (0.01)
: 0.14 (0.01)
0.15 (0.01)
0.14 (0.01)
® 0.15 (0.01)
® 0.18 (0.02) **

0.34 (0.07) ***

0.47 (0.07) ***

Calzolari et al, 2017. Food Res. Int., 142, 110212.
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SMD of annual CBD concentration (%) (var, vs var)

Variety Total oil content (%) <5 2 b : 5
FIL 37.64 + Saninica 27 = .
E68 36.41 + £en 0:? :o.: 2'5)*:*
F12 35.58 + NOPREY WAAKn
FR 34.78 + o azipon
U - - Zenit =2 000
F75 34.74 - - P ° 0.28 {0.09) *
F32 34.47 + Tiborszallass 100 0)
F79 34.40 =+ Monolca @ 21 (0.08)
MAR 34.25 + Ivory 1.18 (0.08)
BIA 34.17 - Carmaleonte 120N
F17 34.12 + Ferimon 1.22 {0.08)
UDE 34.06 + Blaolobrzeskie ﬁzgilz::)
MON 33.51 + e . (0).13.*
S27 33.08 + X M"" 1.48 (0.08)
JUB 32.85 + PR 1.84 (0.47)
- osm
Felna $
KOM 32.05 + Oicllnar: 1.7840.2)
ELE 31.53 + Eletta Campana 1.67{0.17) *
KCD 31.28 + Anta L L
CML 31.25 + cs — @ B8
TIB 30.73 =+ Fibranova _.M-W) -
- 302 (0.2) **x*
IVO 24.87 + Carmagnofa | o

Calzolari et al, 2021. Food Res. Int., 142, 110212. Calzolari et al, 2017. Food Res. Int., 142, 110212.
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Commercial varieties oil & cannabinoid content |

Potential cannabinoid yield in the threshing residue
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GRACE activities to assess hemp potential in marginal environments

v’ Cultivation in mountain area
v' Genotype screening for osmotic stress tolerance
v' Genotype screening for heavy metal tolerance

v’ Review: adapting hemp cultivation to marginal environments
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Suitability to marginal environment L A

7
YEprpiad

Q

Evidence of genetic variability in European germplasm for Stress tolerance

A I anG Copper
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Félina 32 — s O Epsion 68 Pt x ' i
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000 025 050 075 s — : - - -
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Ranking 26 European hemp (Cannabis sativa L.) cultivars for osmotic stress

olerance and transpiration efficiency
enti Blandinieres , Martina Leoni, Andrea Ferrarini, Stefano Amaducci
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Suitability to marginal environment

Q

REVIEW (3 Open Access @ @

Adapting the cultivation of industrial hemp (Cannabis sativa L.) to
marginal lands: A review

Henri Blandiniéres p& Stefano Amaducci

101 June 2022 | https://doi.org/10.1111/gcbb.12979

* Productivity susceptible to HM (greenhouse scale studies)
* Tolerance to drought depends on soil characteristics / crop phase
* In marginal conditions multipurpose applications are limited:

* To dual purpose in mountain area;

* To stem only in HM contaminated lands;
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Yellow varieties are easier to decorticate

Musio S, Mussig J and Amaducci S (2018) Optimizing Hemp Fiber Production for
High Performance Composite Applications. Front. Plant Sci. 9:1702.
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Conclusions - Key points

* Product development and commercialization
Innovative products, Marketing (LCA)
* Breeding for improved genotypes

Photoperiod sensitivity, stress tolerance, end use destination (fiber, seeds,
secondary metabolites)

* Mechanization and fiber separation

Fiber extraction (Retting)

Harvesting (adapted to Italian conditions)
* Business model

Large or small scale?



