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CBE-JU, BIC, CEE2ACT
“PROMOTING BIOECONOMY IN GREECE”
National and Kapodistrian University of Athens
Panepistimiou Central Building Athens, Argyriadis Amphitheater
Monday 15 April 2024, 13:00 - 20:00
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Bioeconomy in practice: Cases in Greece

Greek aromatic herbs oils at industrial level Alexios Pantelias, Owner of Alexpant LtD.

Nature4Nature: An innovative and globally unique coastal erosion protection method Prof.
Niki Evelpidou, NKUA-Bio3

Exploiting residual biomass for bioplastics Nikos Damatis, General Secretary, Hellabiom

CluBE’s other European projects on Bioeconomy

BIOMODEL4REGIONS B/E at regional level

BIOTRANSFROM Circular B/E through Biorefineries

BEAMING Widening B/E excellence: project

BBTWINS Digital Twins for Bioeconomy

C4B Circular Bio-Based Business models

MODEL2BIO Modelling tool to add value to agrifood residues

ROBOCOQP circulaR bioecOnomy Business mOdels owned by agroCOOPeratives

Decarbonizing the EU economies, starting with the food sector Vasilis Stenos, CEO of Solmeyea
S.A.

Industrial crops for Biobased products and Bioenergy Efthymia Alexopoulou, Energy Crops
Unit, Biomass Department of CRES

Greek Bioeconomy Council: The Way Towards a Circular Future Maria Andrielou, Founder of
the GBC, Owner of Clean Stories



THE INDUSTRY ASSOCIATION FOR

Plants, animals, microbes and biobased process side and
waste streams) Materials from thermal oxidation, pyrolysis

Agriculture & Agrifood, ST RAT E G I C S E C TO RS and gasification processes, and high-purity recovered
Aquaculture & Fisheries, materials, Biomass, Feedstock & Ingredients, Algae
Bioenergy, Chemicals
Forestry, Pulp and Paper,
Cosmetics, Nutraceuticals,
Pharmaceuticals

BioTechnology BioResource

. : : . . Renewable
BiobasedIndustries &Biomantfacturing

Biological Resources

[ ] (]
BioEcology BioSocicty
Social Engagement Educational programmes,

BlofErtilizers, Biostimulants, Biodiversityland SUSEaINGBIEAS riculture ‘ kills and i
. Skills and jobs,
Biocontrol, Ecosystems & Inclusion

Bioeconomy literacy,

Societal acceptance,
Bioethics
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. i DLZT“: phase Ascomycota Dikarya
tate LIt s
P hyphae absor nutrien Basid) t
Mycomhizae
Saprotrophs with plants #————— Glomeromycotina
Terrestrial habitats Mortierallales
Indeterminate growth Mycorhizae Mucoromycota
Zoospores lost #—— Endogonales
Asaptate hyphae or rhizoids absorb nutrients
hﬁﬂﬁ'ﬁmﬁ“ﬁfﬂiﬁgﬁ:: Parasites/saprotrophs of apimals
Anucleate rhizoids absorb nutrients pagomy
Plant-based nutrition hytridiomyce
Pectinase gene expansion - —
. . - Blastocladlomycota
Chitinows cell wall in resting phase 8- Endoparasites
. & Aphelida
Freshwater habitats? Parasites of animals
Disperse as zoosporas - Microsporidia
* e Cryptomycota
Endoparasites Rozella
Nuclearia
Single posterior flagellum Fonticula
]
Multicallular Insects
animals [ |
- Homo saplens
— Comb jellies Holozoa
Collar flagellates
Sphaeroforma
Dictyostelium
Land plants
Symbiosis-regulztinggenes —— Flowering plants
Innate immumity to fung L Liverworts
Pectin
Fresh or brackish water Spiregyra
Plants
Mesostigma
Chioroplasts Chlamydomonas
7 Callulosic call walls
—— Redalgas
Aszaptate nudeated hyphas
|—I Oomycetes
' Diatoms
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AGRICULTURE

AUTOMOTIVES

o

ENERGY ELECTRONICS

%l

PULP & PAPER

CONSTRUCTION

Py
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CHEMICALS > TRANSPORT
16

PHARMA

4

SHIPBUILDING

Meyer et al 2020 i

AEROSPACE COMPUTER TEXTILES FOOD

y
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Biodiversity: Diversity and Taxonomy

Hyde et al 2019

5./‘ Write: gene editing
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Partnerships for the goals Zero hunger

Revitalize the global partnership for sustainable development
Enhance regional and international cooperation on and
access to science, technology and innovation

Produce enough food for the world

Life on land Good health and well-being

Sustainable management of all forest types Produce healthy food
Promote fair and equitable sharing of the
benefits arising from the utilization

of genetic resources

Climate action

Promote mechanisms for raising
capacity for effective climate
change-related planning and management

Responsible consumption
and production Clean water and sanitation

Reduce water consumption
in industrial processes
Improve water and sanitation management

Produce sustainable
Recycle and reuse in a circular economy

Sustainable cities and communities

Adequate, safe and affordable housing
Waste management / increase resource efficiency

Increase the share of renewable
energy in the global energy mix

Industry, innovation, infrastructure

Meyer et al 2020 Support domestic technology development
Significantly increase access to information (Open Science)
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i Fungi .
Biocontrol

Fungi’s role in :
paper and Bioreme-
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White Fungal .
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Expression of
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ewpyla yoviuotnta edddouc, LYELA uTWV
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Pathogens Attack

Antagonistic Action

Baneficial change in
microbial diversity

Rust Bio control by Fungi

B @ A ® &

Dead pathogen ~ Antibiosis

"}Fe: ‘5‘3 ® -
$Secretion cﬁmetabolite
Dead pathogen

. *pe :%
== . ‘R -
Healthy plant Dead pathogen ~ LYSIS enzymes Rust diseased plant

L @®  BC
Hyperparastitism Eaiaaiti= @® Rust and smuts
i _® e _ ® % .
@B BC Goioelition '8¢ Bio control agents

2019
Niche overlap and food
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richoderma harzianum puknNTOPIAOG-camPOTPOPLKOC LUKNTOG

Isolation and Identification \
: Promotion of tomato growth) @ /
72 isolates ) ’

Secondary infection

Dual culturing assay at 20°C

28 isolates Multiple Criteria Screening |

| Seed treatment X%

Rnnt treatmean |
Invasive growth at 15°C Antifungal activity - . F N Senent B 7

gy

tion of systemic ristan _ Supp_;ion of
SRS G RNNESE Y B Cinerea sporulation
4 isolates : e e OB e

\ Trichoderma koningiopsis T-51 _
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Sheet Culture of the Commercial Fungal Pathogen, Metarhizium anisopliae F52,
for Controlling Beetle Pests of Trees and Varoa Mites in Beehives
Jarrod Leland and Tom Corell (Earth BioSciences)

Problem: Metarhizium anisopliae strain F52 (MetF52) is a

fungus that infects insects, primarily beetle larvae. Earth

BioSciences has registered MetF52 for non-food use in 2 "

greenhouses and nﬂrseries, and at limited outdoor sites Three Formulation StratEQleS for F52
targeting ticks, beetles; root weevils, flies, gnats, thrips. ranular liquid
Culturing and stabilizing MetF52 on fabric sheets would allow band / sheet

application technology using bands around trees to control o~

beetles and sheet in beehive frames to control Varoa mites.

Accomplishment: Methods for the efficient production and
stabilization of MetF52 on fiber sheets are currently being
developed at NBCL in cooperation with Earth BioSciences.

Collaborators will evaluate the efficacy of sheet cultured

fungi in controlling Varoa mites in bee hives (Rosalind ‘

James, ARS, Logan, UT), Asian longhorn beetle (Ann Hajek,

Cornell University) and pecan weevils (David Shapiro-llan, Example Target Insects of MetF52 Sheet Culture
ARS, Byron, GA).

Impact: Efficient production and stabilization of Met52 in
sheet culture would provide an application option for this
registered product potentially well suited for controlling
beetle pests in trees and VVaroa mites in honeybee
production.

Varoa Mites . oo o
On Honeybees L s~ Pecan Weevil
b Adult (Top);

Larvae and

Asian Longhorn Damage Bottom

4 Beetle Adult
Asian Longhorn Male and Female

Sheet cultures replacing
Beetle Adultona one frame In a bee hive for (Top) and Pupae

Fiber Band Varca mite control Inside Wood
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1. Predacious fungi/capturing/carnivorous
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Evoodutikol LUKNTEG

Multifunctional role of fungal endophytes in plant tissues

Production of endophyte-
specific metabolites

|

Interactions between ?

endophytes
s Endophytes in plant tissues

Interactions with
plant metabolism

_ Weedicide
T activity

Survival in e
plant tissue
Imatctlnas with
thogens
Interactions with P
herbivores
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Beauveria spp.

Biological crop protection with innovative formulations
of endophytic entomopathogenic fungi against insect
herbivores

Formulation
== and
Screening ivati ) Application:

Repellent
effect Penetration
( ‘ ‘ Colonization > Wettable
S ) powders for
spray
applications

sprays

Film
coatings
for seed
treatments

seed
reatments

Beads

A Colonization
/ '
Death

through
mycosis

Biocontrol with endophytes

» Active fungal biomass
4 Formulation adjuvants

Penetration ~ = Biopolymers

@ Active fungal biomass @ Biopolymers A Formulation adjuvants
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Metarhizium brunneum Dutd «mayidec»
EVOOPUTLKOC plant health

) tress tole
gvtopomnaboyovog oa catch crop

HUKNTOC potato REINERE S pUicos e.g. Phacelia tanacetifolia

r

endophytic,
entomophatogenic
fungus

- seedcoating

. H b
. beneficial microbial community additive

endophytic, tubercoating g
entomophatogenic fungus ’{k - - -

additive
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Fusarium venetatum
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Heart disease
and obesity
globally endemic

Global demand for meat
unsustainable and rising
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Koji Superprotein

Bacon

All the umami, without the oink.

FROM A JAPANESE FUNGUS

i Pzrjegin l Die;lursygFiber . Choﬂgerul A
( LEARN MORE ) 0 Uiy caw o ww o e w @ e oae ol S8 &

NET WT. 80z (227g) §

Prime Roots’ produ L S
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FUNGI PERFECTT'S

MYCOMEDICINALS'

Cross-INpex oF MusHrooms AND TARGETED THERAPEUTIC EFFECTS*
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(Hiratake/Pearl Cyster)
Polyporus sulphurens
Chickan of the Woods)
Polyporus wmbeliatus
{Zhu Ling)

yiim commune
{Suehirotake/Spiit-Giily

Trametes versicolor
(Yun Zhi/Turkey Tail)
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B CAPARES
60 Vegetarian Capsules

PAUL STAMETS
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Evepyela  Brokavopo

BloatBavoAn, BlovtileA, Bloagplo

Seed oils
Flaxseed, Soybean,
Apricot, Papaya,
Groundnut, Coconut,
Sunflower, Canola, etc.




Evepyela  Brokavopo

Overall vision:
lipid based advanced aviation fuel

Methane

anaerobic
digeslion

e
=1
Aviation fuel

Engineered
Algae/Yeast

Solid-state
fermentation

Pretreatment
& Hydrolysis

Sunlight
CO.




Evepyela  Brokavopo

v Ene€epyaoio umtoAelppdtwyv-armoBAATWY, HUKNALOKH Blopdla

6. Lipid extraction &
2. Pretreatment 4, Fungal lipid 5. Fungal transesterification

& enzymatic fermentation biomass drying
hydrolysis

. Corn stover collection
& transportation
; Fungal

“| .
Biomass
@

o

]
==

Biomass Fermentation Biomass Crude
Residucs Effluent Residues Glycerol

7. Wastewater treatment
Lignin

|
|
H |
— |
Combustor | RO |
I unit
3. Lignin |
|
|

processing ;

]
————4 _ . __Kh_' Aecrobic treatment = T
Ak ! Anaerobic

Power Lime digestion
(Electricity treatment

& Heat) AD Effluent




Evépyela.  Brokalopo

Direct Transesterification
Mucor circinelloides Tarc, Meteotepornoinon «

URM 4182 |

Sucrose

Ethanol Wet Biomass 200 °C for 4 h.
(Magnetic stirring)

Glycerol i’ Eﬁ /“U KnALaKr’] BLO ud‘ca

Starch

Growth in different

carbon and energy Biodiesel
sources " Esters >96% wt

EAailoyovol LN
ZUYOUUKNTEG &-

H,PMo/AlO,
-—

Transesterification

Mucor circinelloides 97% biodiesel yield




SEPARATION

Evepyela  Brokavopo

/ u UK n A'l'a K r’] B LO udza TRANSESTERIFICATION | TREATMENT ook aliond |

} \ : i - Harvested oleaginous
! \ T i veast blomass
= :

k|
(C) Baich cultares

(B) Selection of low cost
h optimization

raw materials for large
scale production

{A) Oleaginous yeast for hig
lipid productivity

ks EAaitoyovol

(T¥) Large scale exiraction

productien ZL’) HE q

f Biodie® 11 LR
| |{F) Transesterification

(H} Supplyving blodiesel = y - 1 - L
M o el
to Tuel stalion L : |

(L) Characterization of blodiesel Glveeral
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Food Industry
Leather processing

Molecular Biology
Peptide synthesis
warieses (ECAALY) Pharmaceuticals
el Tannery & Detergents
. Washing Powders

Chemical Industry
Food Industry
Leather industry
Molecular Biology
Peptide synthesis
Pharmaceuticals
Washing Powders

Agriculture

Chemical Industry

Food & Feed Industry
Molecular Biology
Paper and pulp industry
Pharmaceuticals

Lignocellulose-containing Sustainable environments

biomass

Dairy industry
Detergent industry
Feed supplement
Food & Feed industry
Molecular Biology
Hamicellulose Lignin Pharmaceutical industry
B Therapeutic agent
Ceallulose Hemicellulose Lignin
Callulase Xylan Paroxidase B?odegradation
Cellobichydrolase lxvl__mn Laccases B!D-ethanol
S Bio-refinery
Cellobiose Xlobloss Orxidised monomers Food Industry

3-1. d-glucosidase
ll a Molecular Biology

p-xylosidase
Paper-pulp industry

Glucose
Hylose

Cellulase

Composting
! Food Industry
Ave Z/f’ < Leather Industry
y- o Improving rumen digestion

Molecular Biology
Paper and pulp industry

s
Xylanase

Glucose feedstock from cellulose

Bioconversion of hemicellulose
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Indusirics
Plastics, wood, texiile,

Agrochemicals

Excessive use of
fertilizers and
pesticides

Preservatives,
micreclectironics,
refinenes, el

- = — e

Sources of
Environmental
Contamination

- . B S S

1

Mining activities
Smelting, river dredging,
mine spoils and tailing,
metal industries cte

Waste disposal
Sewage, sludpe,
leach ate from landfills,
fly ash dispozal cle
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COMPOSTED GREEN WASTE l
PAH DEGRADATION
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Bloppodnon, BlLocuoowpevon, BLOMETAOXNUATIOUOC

Bapea peETaAAa

. As: Pesticides, wood preservatives, biosolids, ore 1. Weathering of minerals
mining and smelting 2. Erosion and volcanic activities
. Cd: Paints and pigments, plastic stabilizers, 3. Forest fires and biogenic source
electroplating, phosphate fertilizers 4, Particles released by vegetation
. Cr: Tanneries, steel industries, fly ash
. Cu: Pesticides, fertilizers, biosolids, ore mining and
smelting
. Hg: Au-Ag mining, coal combustion, medical waste
. Ni: Effluent, kitchen appliances, surgical instruments, W A lentulus W A terreus W R.oryzae W Consortium
automobile batteries
. Pb: Aerial emission from combustion of leaded fuel,

batteries waste, insecticide and herbicides

Pollutant removal (%)

Cr(CreCu) Cr(CreCu+Dh) Cu CufCr+Cu) CulCreCusDM)  AB PO DM (AB+PO) DM [CreCu+DM)
Pollutant combination




Brogfuylavon-Mukntoséuylovon peiwon pumovong,
QTTOKATAOTOON CUOTNUATWY, EMeEepyaciao amoBARTwWY

Leaching/washing/flushing Use water or a surface active substance
ikl Use electric current to immobilize the
Vitrification pollutants

Solidification/stabilization/ Use of materials with high capacity to
immabilization bind with metals as soil amendments

Extravagation off-site Cover the mine soil with
disposal uncontaminated soils from offsite
Transport the uppermost layer of the
contaminated soilsto a n
contaminated zone




Bloetuyiavon-Mukntogéuyiavon

A5, MYCOREMEDIATION

BIOREMEDIATING ENVIRONMENTAL
TOXINS USING FUNGI

BIOLOGICAL

Many fungi and feed on bacteria that
ang enic to humans.

There are as much as 8 miles of mycelium
{mushroom filaments) in 1 cubic inch of
soill These make a perfect filter for
l:rloggh: contaminants from site runoff,

ins of enda polypore

mushrooms are and
avian flu vﬁls?ﬁm

Natural microbial communities participate
with the fungi to break down
contaminants, eventually into carbon
diguide and water.

‘Wood -degrading fungi are particul
uﬁmﬂin brgﬁlg ﬂl‘.ﬂ'\'l'l;h:n:-'l'llﬂ.'I
pollutants (toxic components of
petrobeun) herbickdes, pesticides.

Mushrooms can be “trained” to break
down TNT, PCBs, Dicoins, and other
dangerous toxins.

INDUSTRIAL

Living filters can capture hazardous site
e and chemicals from Papermills,
and Power Plants




AN\eC BLotexvoloyLkeC epapUoyEC  Blovavotexvoloyia

v’ Bloyevr vavoowpatidia
biogenic nanoparticles

Healthcare &
Biomedicine

Bacteria Fungi Algae Yeast Virus

)& ﬁ/ w oOP f’#

Opticals < Intracellular or extracellular extraction
Bio-prospective \ Green-extract:
applications of o Proteins,

metal Polysaccharides
nanoparticles e
Bio-surfactant
Electronics

Food industry
Water
treatment
Renewable
energy

Metal solution

Green synthesis g

Nanorods, Nanowires,
Nanoconjugates, Nanotubes




’ ! ! Metal salt + Fungal extract
A)\)\Eq BLOTEXVO)\OVLKEC Ed)ap HOVEC (Proteins, Enzymes, Nitrate reductase)

Blovavotexvoloyia
4 / Reduction e
v' Mukntoyevh vavoowpatidla lC
mycogenic Nna nopa rticles [ Synthesis of metal nanoparticles ]

(Heterogeneous & low yield)

l

Optimization of reaction conditions such as pH,
temp. incubation period, conc. of metal salt,
conc. of fungal biomass
(Homogeneous & high yield)

l

Characterization of nanoparticles
(UV-Vis, TEM, SEM, FTIR, AFM, DLS, XRD,
EDX etc.)

l

Applications in various field
(Medicine, Environment, Opticals,
Agriculture, Cosmetics, etc.)

Metal salt solution

Fungi secrets various
types of Proteins,
Enzymes, Nitrate
reductase

Nitrate reductase @
enzyme

NADH e-  Oxidation e A

D ey IR
NAD Reduction Intrace
synthesis of NPs

ExtracelI!JIar enzymes, Metal ions binds
proteins, organic * @ Ak A and interacts with
molecules in solution ' @ @ .. @@@ the cell wall

leads to synthesis of components

nanoparticles Extracellular
synthesis of NPs
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https://www.youtube.com/watch?v=t1UjGTnWGYU&ab_channel=EcovativeDesign
https://www.youtube.com/watch?v=t1UjGTnWGYU&ab_channel=EcovativeDesign
https://www.youtube.com/watch?v=DCjoiRa6aMQ&ab_channel=BloombergQuicktake%3AOriginals
https://www.youtube.com/watch?v=DCjoiRa6aMQ&ab_channel=BloombergQuicktake%3AOriginals
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BIOPLASTIC COMPOSITE

Fiskars Biennale 19,5159
Helsinki Design Week 5-15.9
World Design Week Tour

KORVAA TEAM:
Nina Pulkkis, Géza Szilvay, Meria Pentila, Thomas Tallgvist. Ss
q e :

LEATHERLIKE MATERIALS WITH FUNGUS

furcus Phaerochacte crycsporun-

ACING LEATHER

" COMPOSITE OF FUNGAL MYCELIUM

CGells of the fungus Trichoderma reesei, mixed with microbially
tproduiced cellulose. The dried composite is hard and light
Researcher Géza Szilvay, VTT

BIOLOGICAL FOAM

1y abchena e




AAM\EC BLOTEXVOAOYLKEC EPAPOYEC

v AOULKA UALKAL

i.“ cultured bio-binders cms;:cructiﬂn waste new materials

-‘S bacteria, fungi, and plants arning, sheathing, wall board wiood framing, sheathing, wall board
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AMEG Btorexvo?\ovmec edapuoyes v MOLKIAEC KOTALOKEUEC
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To 2018 Cekivnoe n eTaipeia Meraki People, mou cuviotartal 6Twg Aéel Kai
TO Ovoud ThC amo avlpwTtoug pe Taboc, 8e€10TNTEC, e0Tiaon Kail d€opeuon
dnAadn pe Mepdki yi' autod Tmou Kdvouv!

‘Etvo1, amopdaoioav va KAvouv ThV ETIXEIPNHATIKOTATA TWV GTWXWV
TpaypatikéTnTa (frugal entrepreneurship).

TThpav kKAadid sAidg, Ta BpuppdTrioav, Touc Epalav HUKAAIG Kal £Tal
onuioUpynoav Thv TpWwTh TtapTida HaviTapiwy e kKAadid sAidg. Twpa
£ToINACOUV TO XWPO TOUC WOTE va Yivel éva axoAcio piag "dAAng
ekmaideuonc”.

H yewpyia aAMiwg AoITtov... opyavike XWHa, eTIXEIPEIV HE AVAVEWDTIUES
TpwTeC UAeg (biobased materials) kai tpoiovTa pe yvwpova Thv 6€apeuon
avOpakal

2 ac mepipévouv ato Atelier Twv Artshrooms kai Tnv Akadnpia Twy
Mouaowwv...
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JUUBLWON HUKATWV ME pLULKO oUOTNUO GUTLKWY OPYOVLO WV

MuUKNTEG Qutikol opyaviopol
Mucoromycota Bryophyta
(Glomeromycotina)  /\emtr .@pportia Pteridophyta

Ascomycota Gymnospermae
Basidiomycota Angiospermae

2XEON apoLpalotntog

95% olkoyevelwv-80% eldwv
6.000 gibn pukntwv, 240.000 €idn dutwv



E€eAlkTIKn LoTOopla-E€000C puTwV oTNV EnNpa

Rhynie chert

410 ex. émn
) (rupttoABog)
Aglaophyton major ou IJ.,BL(L)TLKOL
LUKNTEG

Taylor et al. 1995



Bryopinies Flaridoph yles Spermaiophyles
1 1 1

gy r— il E¢cAlktikn wotopla-€§060¢6
i e i . ' '
D s T 0 nn dutwv otnv ¢npa
§
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i [ Glomites rhyniensis
: §
- g 3 ; § ; Scutellosporites devonicus
@ — & B .
.| ' - % i Acaulosporoid
& & 2 x| [ * H
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= ] i *
% | % . Glomites cycestris
4
%% . s § : Gigasporites myriamycis
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MUKNTEG Qutwkol opyaviopol

v AU€non emipavelac pLitkol CUOTAMOTOC
v “Kwntormnoinon” otowelwv

v/ AVEKTLKOTNTO-AVATTTUEN OE CUVONKEC QLKPOILEC—KOTOTIOVNONG
(Enpaocia, alatotnta, Ph, npatoteloyevn edadn, appobiveg)

v’ AvBekTIKOTNTA OE TIaBoyoveC HoAUVOoEeLC & puTavon

v “Eriikovwvia” dutwv pEow Stktuou puwv-udpwv



lpwV

No colonization

Mutrient transfer
via root hairs

&

]

AM-colonization

Increased resistance to
faliar pathogens

Increased drought tolerance

Increased salt tolerance

SAR-like responses
(3A and 1A dependent)

Nutrient transfer
via AMF

R
Y

&

Local resistance to
root pathogens

AN

Increased resistance

Phosphate depletion zone

to heavy metal toxicity

Systemic resistance
to root pathogens




Aleiobuon oto pLlko LOTO Kol KUTTOPO 1 Ol

m .

* Ev8otpodikn Ektotpodiki
& AN =
Evlopukoppllec  Ektopukoppllec  Extevéopukopplieg

l

*Aevbpopopdec Mukopptlec (Arbuscular)

8!

*Mukoppllec eplkoetdwv (Ericoid)
*Mukoppllec apumovtosldwy (Arbutoid)
*Mukoppllec Lovotpormoedwv (Monotropoid)

B e

*Mukopplec opxeostdwv (Orchidaceous)



Evoopukoppllec

*Aevépopopdec MuKRRPLZES
(Arbuscular MycorrhizassAM)

Aevbpopopdec Kuotopopdpeg MukoppLleg
(Vesicular Arbuscular Mycorrhizas VAM)

Bryophyta

Glomeromycotina Pteridophyta
Gymnospermae

Angiospermae

85% OLKOYEVELWV



Evoopukopplleg

*MuKOppPLIEG EPLKOELO WV
(Ericoid ERM)

*MukoppLleC apUTOUTOELO WV
(Arbutoid ARM)

*MukoppLleC LOVOTPOTIOELO WV
(Monotropoid)

*MuKOppLleC OpXEOELOWYV
(Orchidaceous)

EktevoopUKOppLlEC

Bryophyta

: : Ascomycota
Ericaceae-Ericales Y

Pyrolaceae

Ericales-Arbutus-
Arctostaphylus

Basidiomycota

Monotropaceae Basidiomycota

Orchidaceae Basidiomycota

Ascomycota
Basidiomycota

Gymnospermae
Angiospermae

(Glomeromycotina)



omycorrhiza Arbuscular mycorl

Hyphopodium UCI)OT[(55 Lo

EkTtopukoppLleg AevdpoopdEG
2 evOOUKOPPLLE
Hovouag :‘.15 ' Arbuscules H PP Z S

omopLa

OilkTuo
Hartig
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ECM - Gymnosperms







Evoopukoppllec

*Aevdpopopdpec MUROPPLLEC
Aevdpopopdol LUKOPPLILKOL LUKNTEC
(Arbuscular Mycorrhizas AM)

Aevbpopopdec Kuotopopdpec MukoppLlleg
(Vesicular Arbuscular Mycorrhizas VAM)

Evoopukopplllkol LUKNTEC UTIOXPEWTLKA BLotpodLkoi
Ayevic avarmapoywyn

BpaxuBieg(4-15 nuepec) 6evopopopdeg dopeg



Glomeromycotina "
wGlomus

Kuotopopdec SoUEC
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200 pm
)

Fe

f

CEG

4

' dec Mukoppl
Acaulospora

OHop

omopla rayutoLya

*Aevdp



*Aevbpopopdec MukopplLlec

|'- - ..‘L )

Gigaspora

e

. spore wall ..
; germination

shield




Evoopukoppllec

*MukoppLlec EpLKOELO WV
N

O&wva, dtwya edadn

Muwkpn dtaBeopuotnta P, N

MpOoOLPETKA LLUKOPPLILKOL LUKNTEC

Artolkodopnon MOAUTIENTLO LWV KOl TTOAUGAKXOLP LTWV

- —
Eplkoeldn puta avBektika o€ puTtaopeva epLfailovta



*MukoppLleC LOVOTPOTIOELO WV EvoopukoppLlec

Mukntostepotpoda dutd, axAwpoPuAALKA

C kol LyvooTtoLxeia
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aptiBAaoTto xwpic XpwpodUAAN, C

N, yyvootolxeia




- Gymnospermae

endodermis

Hartig net

Angiospermae

Ascomycota

Basidiomycota




Kapmoowpata=Mavita

fruiting body

Baowdlokapriia - AoKoKap Eekmycorhizas

onroots

UTTEPYELDL - UTTOYELXL

‘leaky roots’

Up to 10% of sugars
go to the fungi

omycorrhizae

EKTOUKOPPLLEC
(ectomycorrhizas ECM)



WWW= Wood Wide Web

EKTOpnUKOPPLLEC
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Percent biomass of trees associated with ectomycorrhizal fungi

66 This study shows that symbiotic relationships obey clear

rules and are strongly related to climate, and that

climate change is likely to have massive impacts on the

symbiotic state of the world's forests. b3

(o !o 5:501{0 80 60 ;0 5 gu 105

Steidinger et al. 2019 Percent biomass of trees associated with arbuscular mycorrhizal fungi ‘
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Atlomoinon WLotTATWYV yla astpopLkn avamtuén

Amtopovwon kot dtatripnon HukntoAoykoU UALKOU

Xpnon pukntoAoykou epBoAiou
(kuplwc og dutwpLa-pot cultures/in vitro cultures)

Evoopukopptlltkol HUKNTEC EktopukoppLllkol LUKNTEC
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Xpnon pukntoAoykou epfoliou

/\

Evoopukoppllitkot MUKNTEC EKTopUKOPPLILKOL LUKNTEC

Mn kaAAiepynotpot AM (ektoc ERM)  KaAAiepynoiuot ECM ev pepet

*ETtiAoyn Bayevwy oteAexwV

[vwon OU‘\Ler] Kd)VﬁLVéLT(TUEf]C yLOL OXNMUOTIOUO MUKOpPL{WwV



MpogéAevon pukntoAoykoU epBoAiou

Evoopukoppllikot pUKNTeEC  EkTOMUKOPPLILKOL LUKNTEC

2TopLal Ao UTIOOTPWLOL MukniALlo amo KaAALEpYELQL
MukoppLleg Yrdotpwpa
Yrniootpwual 2TopLal Ao KOPTIOCW AT

MuknAwo amo kaAAepyeta (ERM)



Evoouukoppll{tkol LUKNTEG

MpogéAevon pukntoAoykou epBoAiou

N

2TTOPLOL OUTTO UTTOOTPWLOL pEg

MukoppLlEC

Yrnootpwua

pot cultures/in vitro cultures

MukniAto aro kaAAepyeta (ERM)




Evoopukoppll{tkol LUKNTEG
[MpogAevon-xpnon HukntoAoytkoU epBoAiou

COMPARING METHODS FOR POT CULTURING GLOMALEAN FUNGI

A. Spores from soil B. Diluted soil C. Roots from the field D. Transplanted seedling

Seediing grown
in soil from the
field

- Moderate success rate + High success rate + High success rate — Moderate success rate

—

+ Cultures usually pure = Cultures usually mixed — Cultures mixed or pure + Cultures often pure

* Best for Scutellospora * best for Glamus * best for Glomus best for Glomus
and Acaulospara

3l 1996




Soil sampling at various locations

LWV

Evéopukoppllikot pu

FEx-vitre greenhounse

inoculum production
Production i st ar In greenhouse
1]

bed or cover erop
e

Trap eulivre

Sleving/decanting

Reguiied comditions

= Hioest plant may ned he o weed plasi

~ Sails shiouhl enntais o minimem of myess rhizl
propagules

Sarter inoculum
(far large seabe production)
- Sl shiehd hive bew Bnfeetiiny potcntial

- Fertilization regime must be adapied os
pasrticular chemical vl proge e

| icropipene
L ‘ 3 -
Prmnﬂlun u-l tnrh"hmul crr hﬂm ndrmh'd
F sposies, f

'Fhi niler hmﬁelil-:rnprgl“mmlll PI'lJﬂIEC‘ﬂIIII'I !. bag, pot or
- o prubilss of Wi ersity substitution ts the Ired in sterile substraie
ez o infraduced ﬁ“P'\bﬂ‘lﬂ

- The Toss e pemsio e msethod, espoially

For-witror
Tor large seale crup pmduellnnmmﬂ-

]
1
i
[}
\
] inoeulum production
] ¥
i ‘

I Speore! ris
Com [ Surface disinfection
= Mot switable For all suils (oo dew imyeorrhiesl =
sudl pagential. needing severn| spocesshe [
eulfuie grserating [

L

Precastion must be taken rezardiss spresd of
xistimg phiylapalbagmie apeits
« Mot webinhle far irrigailon syssem

A Tull spassa is required o prisluce the

Dirying and hamogenieation

Ineulass

Crude inoculum

= Production in ROC, (HpAM-P

wr bin Fermentar

MNapoywyn LUKNTOAOYLKOU

Enrlehed insculum

Formulated inoseulum

(powder, pellet, capsules, gel, seed coating)

3 ., '_.
[
R Liapuial oo el
u L
and basle A v i
Frea »

pure insculum
Mequired conditisns
« Equigped
= Almrst ol AMF speches sro virtsalh
able ba b progagatod

- Shillleal stalf
Enrichmunt pracess with sheared
wiyenrebizel rist lragiments are ususlly

straazly abibe o penerane mycorrhics afier bng
terii slaipe

= Parifiod anid cunlaniinatiss frec issculun
= Ensy be concentrade |
= Easy do mix and integrate mio formuokafien

- Eavy tracrahiliny
~ Subable far Irrigation systems
leagrmbes, pellcts, seal costin wwlm - Productiss. when well schrdaled, provide
anl:d&"ﬂ" AMF propagubes all along the year
nmmmmpmupmm

Cons Conx
AR My 1 AR Tk T ;::;.MWMIIWHFHM
Presence of carrier material snd nes-snluhle - Skl SLaIT

suliscraie

= Noped wark space and time

- Winler digissrs Bl ARF p ik

= Spares praduced sre smaller and fragie
- Chaly
depending o wﬂhusen-hmut

Rlvizaphugas frmgalacis is curnently ‘
availmble In the sy slrs markets, with
e bl issgact on isdiursity

buscular mycorrhizal fungz] inocula c2n be produced on-farm, ex vitro in greenhouses or dimate chambers or in vitro on plants, in root organ aaltures {
entors. Required conditions, advantages and disadvantages of the three technologies are summarised.



EkTopuKoppLlLkol LUKNTEC

NMpogAevon LUKNToAoVIKOU epBoAilou
P N LUKNTOAOY uB_' 8_‘
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MuknALo amo KaAALEPYELQL Ynootpwua
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EktopukoppLllkol LUKNTEC

Xpnon pukntoAoywkou epPoliou .




Atlomoinon WLoTATWYV yla aslpopLkn avamtuén

[ewpyla-Tewmonia .

Xpnon Kuplwg evéopukoppl{wv C€ 0lypOOLKOCUOTAUOTO
(LbLaitepa xapnAwv amodocewv)

avénon mapaywyng oe KaAALEpyeLec (BLodleyeptec)
avtoxn otn énpoacila-duopeveic CUVONKEC

BlogAeyyxoc maboyovwyv- vpuatwdwv

Alaxelplon oypooLKOCUOTNMATWY VLo eykataotaon-emiBiwon pukoppllwv

PO CPTIOPMMWED DY KWV TIPAKTLKWV e~
(apoon, Atmaveon, evaAlaooopeveg & evolapeoeg KOALEPYELEG) . ?%, ?g

_
‘



BeneFungl Is a synergistic blenu

+ 5ol and Hydroponics Only
7 beneficlal sollfroot dwelling fungl.

CIRECTIONS:
Dust roots at transplant

G .U
ACTIVE INGREDIEMNTS: " .-.

Endamycorrhizae (approx. 100 spores per ccl .QO."’ 3.’
Ectomycorrhizae (approw. 500 spores per cc) ! -
0-...5'0
-

ADDED BIOLOGICAL INGRED IENTS:
Athrobacter Globiformis

Azobacter Chrococcum Manufactured and Guarantead By:
Azobacter Vinelandil

Badllus Subtillus

Pseudomonas Alcallgenes

Pseudomonas Fluorescens

Pseudomonas Pseudoalcaligens

Pseudomonas Putida.

Estimated minimum visable cell per CC

20,000, Trichaderm Harzlanum and Trichoderm
Konignil. Estimated minimurm visable cell per

Dorninion Organics
7110 Enterprise Rd
Ferndale, WA 94248
www.dominlonorganics.net

CC 10,000 . 300 g (106 az).
LISE ONLY ACCORDING TO MANUFACTURER'S
DIRECTIONS. B a0k

Infirmation regarding the contents and levels
of metals in this product Is avallakle on the
Imternet at: http:/fagrwa.gov

Do not take Internally
taep out of the reach of children  Product OF USA

AGRIYA

UKnro)\oyLKé—uLKpOBlO?\OVlKW‘ AA
eUBOALO e

S
ENDO-ECTO
MYCORRHIZAL

Soil & Root Inoculants™

1 Pound (434 grams)

INDQCERT

Input Approved in
Organic Agriculture

y-.

For Agricultural use only




A&lomoinon WOLoTATWYV yla aslpopLkn avamtuén

[ewpyla-Mewmovia

Mycorrhized plant Non-mycorrhized plant Hnn'w::lﬂuﬁpll ; .ﬁ '. - .,
Fasatierssaabvelns AEVSpoopPec Mukopplleg ™

.-}'|

OTIWPOKNTIEVUTIKA

KOAAWTILOTLKAL

U N I Y
0.0 mM MaCl 50 mM NaCl 100 mM NaCl



A&lomoinon WOLoTATWYV yla aslpopLkn avamtuén

nfested ‘donor’ Uninfested ‘receive

Aerial release and Aerial release of
signalling of VOCs defence VOCs, e.g.
methyl salicylate
repels aphids

Ertiktntn Qpuva

SAR-like responces

Systematic Acquired Resistance-
ETtiktnTn ouotnuikn avtiotoon o= Induction of jasmonic

acid and salicylic acid

# signalling pathways

EmtoyOpevVn ocuoTNULKA avTioTtaon
Induced systemic resistance (ISR)

Interplant signalling
via CMN

Active chemical transport,
liquid film, electrical
action potentials?




Atlomoinon WLoTATWYV yla aslpopLkn avamtuén

rewpyio-TewmQuier: TN -

blueberries, cranberries, Rhododendron

MUKOppPLlEC EPLKOELO WV

opXLOEEC -
MuKOpPPLIEC OPXEOELSWV .




XpNon LUKNTOAOYLKWV-ULKPOBLOAOYLKWY OKEVLAOUATWY otnV EAAAda




XpNon LUKNTOAOYLKWV-ULKPOBLOAOYLKWY OKEVLAOUATWY otnV EAAAda
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Atlomoinon WOLoTATWYV yla aslpopLkn avamtuén

. Aaoonovwi‘ . e o B
EKTOLLUKOPPLIEC Aeiktng vyeloc Tou 60CLKOU CUCTHUOTOC
Aevdpa & Bapvol

AvodaowoELC

Noapaywyn EVAEiag

KaBoplotikn n emloyn. otehex |




non WLotATWYV yLa aewd

Ao.coTmovia

"’3"0. .

Duolkn KaAALEPYELA TPOUDWV
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Atlomoinon WLotTATWYV yla astpopLkn avamtuén

KaAutepn avamntuén putwv , TPOCAPHOOTLKOTNTA, AVOEKTLKOTNTA

BeAtiwon mowotntoc & vyeiog edadouc
(6LaBpwaon edadouc-glomalin)

Meilwaon xpnong AUTaopATWY

Meilwon xpnong putodopLLAKWVY



Atlomoinon WLotTATWYV yla astpopLkn avamtuén

Amtokatdotaon SLaTapayUEVWY — PUTTOCUEVWY 60wV
(EevoBLoTikEC evwoelg, padlovoukAidia, Bapld HETOAA)

Ertituyn eykataotoon ¢utwv epPoAlacpEVWV
(Qutoeéuyeiavon)

Abpavoroinon s uetatporni - floanolkodopnon — BlLooucowpeuon
Mukntoséuyiavon



Atlomoinon WOLoTATWYV yla aslpopLkn avamtuén

e —

-

" Pollutants are ™,
f degraded or
mineralized by
specific enzyme
activity :
Pollutants are

Phytodegradation - accumulated in
- - y 9 \ harvestable
" Pollutants are ™ “._ partsof plant -
:-" released in to N ——

-
L

| |
volatile form / _
through plant Phytoextraction

Phytovolatization

Pollutants are

Pollutants are de;;!ral:led by
immobilzed growing roots or
in the soil =% ‘---.._~ mcloorganﬁms

/

%3
N
g \ b Phytostimulation

Phytostabilization ¢ - N\ ¢y
- . - R

_, Pollutants I
k are released | # Pollutant

through roots /
Rhizoremediation




EOviko kal Kamodiotplako Mavemiotipo ABnvwyv
Tunuoa Blodoyiag, Topgag OtkoAoyiag kot TAgWVOULKAG

METANTYXIAKO NMPOrPAMMA 2MNOYAQN
«OIKOAOTIIA KAI AIAXEIPIZH MOIKINOTHTAZ»

MukoppLleC
npaoctia Kol EPapLOYEC

2TA MNAAIZIA TOY MAGHMATOZz
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