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The strawberry production sector in South Europe
The case study of Greece



Strawberry: S5

o

a true success story of Greece 32RIYZLASMA

v More than 240 million € value from 300 growers
v From 160 ha in 2003->1000 ha in 2013-> to 2300 ha in 2024

v One of the earliest site in South Europe for production (mid
November to late May)

v EXports (90% of production): West and East Europe+ Gulf countries

v A lot of young growers with Horticulture degree

Source: Tsormpatsidis QI



Strawberry production system:
the case of Greece

v Production in old beds (environmental friendly)
v'  Solarization
v Use of resilient varieties - High level of expertise
v Production based on measurements (analysis)
Fortuna Victory
Total Production: 1 kg/plant Total Production: 0.85 kg/plant
Ripening period: November-April Ripening period: February-May
Plant material: 0.27 €/tray plant Plant material: 0.18 €/bare root plant
¢ Early production: 3-fold + price ¢ Excellent postharvest performance
¢ Excellent taste ¢ No claims
¢ Skilled farmer ¢ Inferior taste compared to ‘Fortuna’

Source: Tsormpatsidis QI



Strawberry cultivation: 9 e
‘Fortuna’ production model

Annual production cost: ca. 65,000€/ hectare
65,000 plants per hectare

Farm gate price (mid November - early January): 3,5€
marketable yield per plant: 150 g

Farm gate pri.ce (mid January - early May): 1,5€
marketable yield per plant: 850 g

. Early production: 0,53€
. Mid-late production: 1,19 €
Net profit: 46,800 €/ hectare

) Source: Tsormpatsidis ei
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The strawberry production sector

GROUP

The reality:

« Labor cost and labor availability
 Royalties for high yield cultivars
« Highly perishable commodity

The challenges:

« High yield efficiency and availability throughout the year
« Extended storage potential

« Sustainable production models that meet consumers’ expectations
« Exploitation of second class products for other uses

R — - I
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Towards reduced food loss B s

“Ugly Fruits” Movement towards reduced food loss

Collective -,
Mini Berries
CoLl A B LLE L T IeE 7

WR Wonderfully £1 708
Wonky =~ B&
Strawberrries )

Source: Clarkson
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The concept of priming:
a hovel agricultural approach
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Solutions to combat stress conditions

« Genetic modification
CRISPR-Cas movement: Targeted Genome Editing Technology

gene-edited plants remain under the strict GMO framework

Lena Maas, Protoplast-CRISPR technology in strawberry

+ Selection of tolerant cultivars

Conventional breeding
Capital intensive and time consuming

Steven Knapp, Shaping the Next-Generation of Strawberry Cultivars

« Plant priming

— o



Defining the term ‘priming’

« The process of priming involves prior
exposure to a biotic or abiotic stress
factor making a plant more
resistant/tolerant to future exposure.

Priming can also be achieved by
applying natural or synthetic
compounds which act as sighaling
transducers, ‘activating’ the plant’s

defense system.

? CelPress

SpeciEl izmum 25t cantury fooks In plant sciance

Trends in

Plant Science

Next generation chemical priming: with a little

help from our nanocarrier friends

Gholmreza Gohar, ' Meng Jiang,® Geomge A. Manganaris, | Jie Zhou,** and Vasilebs Fotopoulos
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Classes of priming agents

Chemicals (including natural and synthetic molecules)

« Hormones (i.e. salicylic acid, jasmonic acid)

« Reactive Oxygen Nitrogen and Sulphur Species (RONSS: NO, H.S, H,0,)
« Small organic molecules (i.e. melatonin, putrescine)

Microorganisms
« Arbuscular mycorrhizal fungi
« Plant growth-promoting bacteria

Nanomaterials

« Organic nanoparticles

« Inorganic nanoparticles

« Polymers (i.e., chitosan, sodium alginate)

R — -




The effect of PAs on strawberry plants
Period: 2010-2013 (PhD project)

Plant priming with signaling molecules (H,0,, NO, H,S):
a promising approach for alleviating abiotic stress devastating effects

Pretreatment was carried out in a hydroponic cultivation system and plants exposed to a

multitude of abiotic stress factors and analyzed through a combinatorial physiological,
biochemical and molecular approach

HQS promotes NaCl and PEG stress tolerance in strawberry plants A. Christou et al. / Environmental and Experimental Botany 107 (2014)46-54




Exploring the mechanistic action of PAs
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The effect of priming agents on strawberry plants under
salinity conditions
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Plant material ©)Sclces

“Red Sayama (1075)"” fresh rooted plants that were subsequently transplanted in 6.5
L pots consisting of peat perllte substrate (ratio 2:1).
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T re a t m e n ts Experiment was set up: factorial design

with 2 levels of salinity stress with 5
(1) Untreated replicates and priming agent applications
(2) Hydroprimed
(3) Melatonin

—

(4) Sodium alginate (NaA) BS | | B5 | BS
(5) Sodium alginate/Melatonin (NaA/Mel) | |
(6) Proline 8 | | Bs | | B4
(7) Sodium alginate/Proline (NaA/Proline)
B3 B3 B3

Applications: _ ,
- 2 days before transplantation =< - 0 =
- 8 days after transplantation [
- 15 days after transplantation o | e | [

.. Sev.ere salinity Contiol quefate
Salinity Stress levels: s e v
v Moderate = 40 mM of NaCl —

v' Severe =75 mM of NaCl

Duration: October 2023- February 2024. Q



Treatments justification

Melatonin: a naturally occurring hormone in plants,
animals, and humans that has been reported to
enhance biomass production and resistance to water
stress

Proline: An amino acid, acting in plants as an
osmoprotectant from various stresses and also helps
plants to recover from stress more rapidly.

Sodium alginate: A natural anionic polysaccharide
being exploited in nano-smart delivery systems.
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Leaf analysis ot

- Malondialdehyde (MDA) - a key biomarker for oxidative stress H,O,

- Nitric oxide (NO) - mitigate the damaging effects of ROS

- Proline - a precursor molecule of poyamines with osmoprotective effect
- Melatonin content

Fruit analysis

- Phytochemical analysis (reduced ascorbic acid, anthocyanins,
flavonoids, phenolics)

- Metabolomic analysis

- Melatonin content

INNSS——————————————————_ )



Cumulative Yield

Harvest: 1-5

%* % %k
Hl Control

* 40mM NacCl

250 =
B 75mM NaCl

200+

150

100

Cumulative yield
(g/plant)

50+

NaA/Proline (p-value<0.0001) and NaA/Melatonin (p-value<0.001) conjugates
had the most significant effect in the absence of stress.




Cumulative Yield .
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% PAs significantly increased plant productivity by more than 50% compared with hydroprimed

< Under mild salinity, NaA/Melatonin conjugate and proline showed an increment in cumulative
yield (p-value<0.05).




Melatonin content
Successful donation

Mel and NaA/Melatonin
displayed significantly higher
endogenous Melatonin
content compared with

hydroprimed.

Melatonin (ng g'1 F.W.)

Melatonin (ng g'1 F.W.)
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=3 Control
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Phytochemical analysis
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Metabolomic analysis

I 35

3

Stress
— I I Quercetin-3-glucuronide
lagic acid pentoside

Procyanidin B2

2

Ellagic acid 15

1
IT p-Coumaric acid hexoside.1 I
0.5

p-Coumaric acid hexoside

Catechin

Ellagic acid rhamnoside

Procyanidin B1 -

Pelargonidin-3-glucoside

Kaempferol glucuronide

Kaempferol 3-0- B -glucopyranoside-7-O-cc-rhamnopy

Kaempferal-3-glucoside

Galloyl-HHDP-glucese (Tellimagrandin)

plerol 3-O-a- 7-0-8 -

Kaempferal acetylglycoside

Ferulic acid hexose

Pelargonidin 3-acetylglucoside

CSIC

CONSEJQ SUPERICR DE INVESTIGACIONES CIENTIFICAS
Stress

40mM NaCl
75mM NaCl
Control

25
FAMILY

ANTHOCYANIN,

ANTHOCYANIN, Pelargonidin

CATECHIN & PROCYANIDIN, Catechin
CATECHIN & PROCYANIDIN, Procyanidine
FLAVONOID, Flavanonol

FLAVONOID, Flavonol

ORGANICS, Gallic acid deriv.
PHENYLPROPANOID, Cinnamic acid deriv.

Pre-treatments of melatonin and NaA/proline
significantly increased the quercetin-3-
glucuronide compound of the flavonoid family
under severe stress conditions.

A widely consumed flavonoid, that has been
shown to inhibit the induction of inflammatory
markers and its having a protective role against
oxidative damage.



What's next N(:gvogene

Dissect the mechanistic action and modus operandi of
the priming solutions

« Interpretation of RNAseq data (81 samples) from leaves
* Interpretation of RNAseq data (63 samples) from fruits
« Target journal: Horticultural Research

E—————————————— .
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Exploring functionalized biopolymer prototypes towards
mitigation of salt stress in strawberry plants



Methodological approach 1 Hydroprimed
2 0,25 mM salicylic acid (SA)
. o 3 0,5 mM SA
Aim: Test the efficacy of A oA
encapsulated material 5 2 mM SA
6 5 mM SA
7 5 mg/L Zein
Collaboration with material scientists 8 10 mg/L Zein
9 25 mg/L Zein
10 50 mg/L Zein
11 5 mg/L Zein-SA
LS. University 12 10 mg/L Zein-SA
_ . 13 25 mg/L Zein-SA
University of Athoas of Cypms 14 50 mg/L Zein-SA
15 6,25 mg/mL sodium alginate (NaA)
16 0,01 mg/mL Graphene oxide (GO)
o 1 1 4 A : 17 0,02 mg/mL GO
Encapsul.atlon of salicylic acid in zein . 003 mimL GO
nanoparticles 19 0,04 mg/mL GO
20 6,25 mg/mL NaA/0,01 mg/mL GO
. 21 6,25 mg/mL NaA/0,02 mg/mL GO
* Development Of gra phene OXIde- 22 6,25 mg/mL NaA/0,03 mg/mL GO
functionalized hydrogels 23 6,25 mg/mL NaA/0,04 mg/mL GO

e — o



Plant material
How it started, 03/04/2025




Plant material
How it progressed

o SRS
e .
s ]

Methodology: Three successive foliar applications in 230 strawberry

plants prior to its imposition to salinity stress conditions (100 mM). Q



Plant material
Implementation phase
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1 fitn

Cellular damage indicators

At first glance, this new cultivar selection (cv. - Malondialdehyde (MDA)
Aethra) is apparently particularly resistant to - Nitric oxide (NO)
extreme abiotic stress conditions - Proline

- Hydrogen peroxide QI



Hydrogen peroxide
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Malondialdehyde (MDA)

a key biomarker for oxidative stress H,0O,
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Nitric oxide .
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Proline

Zein

GO

A)

Proline (nmol g™ F.W.)

Proline (nmol g™ F.W.)
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What's next

Dissect the mechanistic action and modus operandi of
the priming solutions

« Interpretation of RNAseq data (63 samples) from leaves
« Target journal: Plant Nanobiology

N “vogene
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Any questions?

George Manganaris
Professor

george.manganaris@cut.ac.cy
www.fruitsciences.eu
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