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H tpoxkAnon: Znuiég amo mayeto
OTIC SeVEPWEELC KAAALEPYELEG

H xAwpatikn oAdayn €xel kKavel To KAlpa Lo
AOTADEG, LE CUYVOTEPU KL EVTOVOTEPA AKpaia
@awopeva. OL emmtwoelg TG elvat M
0pUTEG 0T YewpPYla, 1) oTola eEapTdTal Aueca
QT TOUG (PUGLKOVG TTOPOUG.

[Mapd v avénon ¢ péong Beppokpaaciag, ot
TAYETOL TTAPAUEVOUV ONUAVTIKOGS KIVOUVOS Yl
TIG  kaAAiépyeles. Ta  mapddetypa, tTo
OTIWPOPOPU SEVTPA TWV EVKPATWV TEPLOYXWV
elval Wlaltepa evdAwta oe Kplowa otddia
VAT TLENG, OTIWG 1) AvON oM KaL 1 KApTOdeon.
OL nmoTtEPOl  XEWMWVEG  UMOPOUV VA
TPOKAAEGOUVY TIPWLUN AVATITUEN TWV QUTWV,
EVW 0 OYIUOG TAYETOG TapPAUEVEL TLOAVOS
klvbuvog, auiavovtag TIG TNUIEG Kal TIG
QATIWAELEG OTNV TIAPAYWYT).

The challenge: Frost damage in
fruit crops

Climate change is making weather patterns
more unstable, leading to more frequent and
intense extreme weather events. Its impact is
particularly visible in agriculture, a sector that
depends directly on natural resources.
Although average temperatures are rising,
frost remains a serious risk for crops. For
example, temperate fruit crops are particularly
vulnerable during critical growth stages, such
as flowering and fruit set.

Milder winters can trigger earlier plant
growth, while late spring frost (LSF) may still
occur, increasing the risk of damage and
production losses.
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:;'k % EMEIZOAIA NMATETOY: ZOBAPEZ ENINTQZEIZ XTH FrEQPTIA $$
FROST EVENTS: SEVERE IMPACTS ON AGRICULTURE
— D S 2021 P L2022 e
To 2017, éva In 2021, the unusually high temperatures in March Zmv EMaba, éva cofiapd ereictbio nayetod tov lavoudpio tou 2022
HepoVwpéVD ETEc68i0 accelerated plant growth in many parts of Europe. ennpéace MPWUM TEPIOXES W""W“ w&’m ok
Sdnpou avalfidmkou Shortly after, the frost that followed nwm Evon'm:c Apyohibag, Anxwvmc;, i Km Apa,
;%:: Tayetol oty Eupdrm, caused damage to vineyards and fruit trees in el Lot bl el dad
TIPOKAMNEOE CIKOVOLIKEG several European countries. :%: I'_‘ G:ec:la mr::o:t vent in. Janual:y e .
" . signitical al citrus-growi lons
andheieg Opoue N ingthe Reg‘::nal Units of Argili:;, L:gc:?a,
3,3 SuoeKaTopppiwy Eupw, S \Ve ’ Achaea, and Arta, reducing the quality and
£K Twv oTIolwy pévo Py market value of the fruit.
18% rtav aopahiopévo. ;: Z ; . 3

[ > 10 ek. evpw G€ AMOLNUIWOELS

A single LSF across Europe in spring 2017
resulted in economic losses of 3.3 billion euros,
of which only 18% were insured.

- ~3,380. € Mévo 8%
g ambAeleg acpalopévo
= €3.3b losses Only 18%

insured

N AN

To 2021, ot acuvriBiota ugnAés Beppokpacieg Tou
Mapriou eruréyuvery v avarTuEn Twy QUTLY oe
ToAES Tieploxes g Eupiarmg. Ayo apyétepa,

0 TIayeTo TIoL akohouBnoe Tipokdheoe

{nuigs oe apmeldves kal orwpopdpa Sévipa oe

OpKETEG Xpeg TG Eupdirmg.

> 10 million euros in compensation
_d

Zippwva Le Ta otatioTika Tov EAMA mv nepiobo 2015-2024,
£youv SoBel navw and 35 exatoppipla evpw ot anodNMUILOELG
yia npuég ota eomepiboeidy.

According to ELGA statistics, during the period 2015-2024,
more than 35 million euros were paid in compensation

for damage to citrus crops.
J L P

coPapr] arethr yia T yewpywr| napaywyr,
v TIOOTNTA Twy TIPOISVIWY Kol 1o eicédnua
TWV TIAPAYWYLOV.

Frost events pose a serious threat

to agricultural production, product quality
\§ and farmer's income.

:% Ta enewwddia nayetol anoteholv

H napakohotBnon ket éyxaipn
TipoeSorolnon Propolv va PEWIcouY
g nuués Kat va evioyioouy Ty
avBextikéuia Tou aypotkoy Topéa.
Monitoring and early warning can
reduce damage and strengthen the
resilience of the agricultural sector.

To LIFE-FROSTDEFEND avartiooet
kal Soripadel pyaheia kal Mgeig yia
) Bektiwon e etopdTIag kat mg
TIPOOTACIAE TWY KAAMEPYEIWY amd
TOV TIAYETS.

LIFE-FROSTDEFEND develops and
tests tools and solutions to improve

preparedness and crop protection P 4
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AvOekTIKOTNTA 6TO YPU)XO0G

Kabe  kaAliépyeia  €xel SlLa@OPETIKN
AQVOEKTIKOTNTA OTOV TAYETO, LE TNV KPIOLUN
Bepuokpaciac  MPOKANOMG Muas  va
uetafdAAetal avadoya pe TO €idog NG
KAAALEPYELQG, TNV TOKIALX, TOV @UTIKO LOTO
KOl TO 0TASL0 AVATITUENG.

IZta @UAAOBOAX oTtwpo@OpA SEVTPA TWV
eVKPATWVY TEPLOXWV, | AVOEKTIKOTNTA OTOV

Cold hardiness

Each crop has its own level of maximum frost
tolerance. The temperature at the onset of
damages, or critical temperature, is not fixed:
It changes depending on the species, variety,
plant tissue and growth stage.

During winter dormancy, temperate fruit trees
can tolerate lower temperatures. However, as
plants start growing in spring, their cold

TAYETO €lval LEYAAVTEPT) e | hardiness

KATA&  TOV  XELLEPWO Emprica e A rdoman decreases. Buds,
’ ’ Ui g Qcpunrlpuaiu,!(pmmnzpinﬁnq Signal rercep:tion /

AMBapyo. Tnv  avolly, oot | | nmenenms | flowers,  young

I/

@davoloyiké

KaBws Ta @uT& apxilovv
va  avamtoooovTtal 1
aVOEKTIKOTNTA

P

foarn TSC and WC

0 S

histones /
Metaypagec, w0téveg

leaves and small
fruits are usually
much more
sensitive than

Plant physiology /
Duaiohoyia gurol

pewwvetat. Ot o@BaApof,
T avon, Ta veapd @UAAX

R —

Stress exposure /

Plant response /
Cold hardiness /
AvBektikdTnTa atov mayetd

dormant tissues.

putod ‘

‘ExBeon oe

Kal oL pkpol kapTol elval
oAV TrLo evaicOnToL amd
Tovg LoToVG oe ANbapyo.
'Etol, pa Beppokpacio mov Sev tpokaAel {nuid
TOV XEWwva UTopel va yivel emikivéuvn
apYOTEPQ, O€ TEPITITWOT OY IOV avOLELATIKOV
TAYETOV.

OLkaAALEPYELEG eoTrEPLSOES WV Elval LSLaitepa
evalodnteg oe cLVONKES TTAYETOV, EISIKA OTAV
oL kapmol N ot veapol otol ektiBevtal oe
XaunAég Beppokpacies yia apketég wpes. Ta
eomepldoeldn  Paoifovral  kKuplwg
EYKALLATIONO 0TO YPUX0G Kal oty vTepPuén
TWV OTWV TOUG Yyl va avtééouv v
KATATIOVION
aVOEKTIKOTNTA TOUG pPeTaAAAETAL AVAAOY X [UE
TIG BEPUOKPACIESG IOV ETIKPATNOAV TLG NUEPES
N TG €Bdouddeg mMpwv amd TO EMELCOSL0
mayetov. O kivduvog Tayetol TPEMEL Vo
a&loAoyeitat oe ovvdvacpo pe to €l60g ™G

Minimum temperature
(intensity and duration) /
EAayiotn Beppokpaoia
(évraon kat Sidpkeia)

OoTOoV

amdé  TOV  TAYETO. H

:!

Damages / Znpiég
Frost risk, relative damage
and survival / Kivbuvog nayetod,
axenxd {npid kar emiPloon

This means that a
temperature that
may not cause
damage in winter can become harmful later in
the season (late spring frost).

Citrus crops are also sensitive to freezing
conditions, especially when they are exposed
for several hours. Citrus tolerate frost thanks
to two mechanisms:
supercooling. Their cold hardiness can thus
vary depending on the
they
experienced in the days

cold acclimation and

temperatures

or weeks before a frost
event.

Therefore,
must be assessed based
on crop type, rootstock,
phenological stage and
the duration of plant

frost risk

KOQAALEPYELAG, TO UTIOKEIEVO, TO (PALVOAOYLKO exposure of low
oTAd10 avamtuing katl N SLdpkela ™G EkBeong temperatures.
o€ YaUnA£EG Beppokpacieg.
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0 poAoG TwV BakTnpiwv cTtov
Klvéuvo (nuuag ano mayeto

It Sevipwdelg KAAAEPYELEG O OXNUATIOUOG
TAyov amoteAel pa oVvvOeTn Sadikaoia. Agv
eCaptatal povo amd ™ Beppokpacio Tov agpa,
QAAG kol amd Tov TUTO TOU TAYETOU, TN
Suapkelr G €kBeong o XOUNALG
Beppokpacieg, T Soun TWV EUTIKWV LOTWV
KQL TO 0TASL0 AVATITUENG TOV PUTOV.

0 oYNUATIONOG TTAYOL AT VEPO XPELAlETL Eval
ONUELD EKKIVNONG, OTIWG UIX ETLPAVELA 1) Eva
HIKPO cwuatidlo (Tupnvag Tayomoinong) mov
EPXETAL OE EMAPT) UE TO VEPO (E£TEPOYEVNS
mayomupnivwon). Ta onpeia ekkivnong pmopet
va elval EWTEPIKAE, OTIWG UIKPOOPYAVIOHOL 1
OCWUATISI 0TV EMPAVELX TWV QUAAWY, TWV
avBéwv kal Twv kapmwv. Mmopel emiong va
elval eowteplka, SnAadn va oyxetifovtal pe
SOUEG HEGH OTOUG (PUTLKOVG LOTOUG, Ol OTIOLES
dev £xouv akoun Katavon el TANpwg.
[Slaitepo evla@Eépov Tapovalalovv oplopéva
EMLPUTIKA BakTipla Tov amolki{ouv QUOoKA
TIG ETMLPAVELEG TWV PUTWV KAL KATAAVOUV TNV
TTUPNVOTIOMON TOU TAYOU O DePUOKPACIES
HOALS Alywv Babuwv katw amd to undév. Ta
Bakmplx  autd  xapakmnpilovratr WG
mayomomtia (ice-nucleation-active, INA) kot
TepAauBavouy, HETaED GAAWY, CUYKEKPLUEVO
oteAéxm Tov eidoug Pseudomonas syringae.
‘Otav oynuatifetat mayog o€ evaiocOntoug
(PUTIKOVG LoTOVG, TpokaAovvtal PAafes ota
KOTTOPA KOL HELWOVETAL 1 TAPAYWYY. ZE
QPKETEG  KAAALEPYELEG, O  EAEYXOG TWV
TAYOTOMTIK®WV  Baktnplwv oTo UTEPYELO
TUNHX TV @LTWV £xel Seiel OTL pmopel va
HELWOEL TNV Bepokpacia oxnUATIONOV TTdYOU
ota euta katd 1-1,5 °C. Auto elvat Wlaitepa
ONUAVTIKO Katd TNV dvOnom, thv kapmodeon
KQL TA TIPWTA OTASLA AVATITUENG TWV KAPTIWYV,
OTav oL LoTol Elval Lo EVAAWTOL.

The role of bacteria in the risk of
frost damage

In plants, ice formation is a complex process. It
does not depend only on air temperature, but
also on the type of frost, the duration of
exposure to low temperatures, the structure of
plant tissues, the developmental stage of the
plant, and the local microclimate.

Ice formation requires a starting point, such as
a surface or a small particle that comes into
contact with water. This process is called
heterogeneous ice nucleation. The starting
points may be external, that is, ice-nucleating
agents such as microorganisms or particles on
the surface of leaves, flowers, and fruits. They
may also be internal, meaning that they are
associated with structures within plant
tissues, which have not yet been fully
identified.

Of particular interest are certain epiphytic
bacteria that naturally colonize plant surfaces.
These include ice-nucleation-active (INA)
bacteria, such as specific strains of
Pseudomonas syringae. They facilitate ice
formation on plant tissues at temperatures
slightly below 0 °C. In simple terms, they can
make water freeze more easily than it would
freeze without their presence.

When ice forms in sensitive plant tissues, it can
cause cell damage and reduce yield. In several
crops, control of INA bacteria living on the
plant surface can reduce ice formation on
plants by 1-1,5 °C. This is particularly
important during flowering, fruit set, and the
early stages of fruit development, when tissues
are more vulnerable.
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To €pyo LIFE FROSTDEFEND

To LIFE FROSTDEFEND eivat éva é€pyo
ovyxpnuatodotovpevo amd v Evpwmaikn
‘Evwon, pe otoxo v avamtuén Kol emidelén
EVOG  gpyaAelov TPOYVWONG TOU KvSUVou
mayetov. To epyaAeio vmoompilet ™V
EyKalpm TPOELSOTOMNOT TWV TAPAYWYWV Kal
ovuBardel otn pelwon TV (MUWV  TIOV
TIPOKAAEL O TTAYETOG OTIG KAAALEPYELEG.

H KawvoTopia TOV LIFE
FROSTDEFEND

H kawotopia tov LIFE FROSTDEFEND eivou n
QVATITUEN UG EQAPUOYNG TIOU oULVOLALEL
HETEWPOAOYIKG SeSopéva, aloOnTpeg mediov,
TANPOWOPIEG YIX TO EALVOAOYIKO OTASLO
QVATITLENG KL TNV AVOEKTIKOTNTA TWV QUTWV
OTOV TIYETO, KaBwG kal BLoAoykoUs SEIKTEG,
WOTE VA EKTIUA TOV Kiv8uvo TayeTov Kol va
UTIOOTNPLLEL TNV £YKALPT TIPOETOLUACIN TWV
TAPAYWYWV.

MapakoAouBnon
OE TIpaypatiko xpovo /

Metewpoloyikn npéyvwon /
Weather forecast

The LIFE FROSTDEFEND project

LIFE FROSTDEFEND is a project co-funded by
the European Union, aiming to develop and
demonstrate a tool for forecasting frost risk.
This tool supports timely warnings for
growers and helps reduce frost-related
damage to crops.

LIFE FROSTDEFEND Innovation

The innovation of LIFE-FROSTDEFEND is the
development of an application that combines
meteorological data, field sensors, information
on the phenological stage of plant
development and plant frost hardiness, as well
as the numbers and activity of ice nucleation
active bacteria on the plant surface, in order to
assess frost risk and support growers’ timely
preparedness.
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Plant phenology

BéAkuiota oxripata Yekaopwv
y1a Tov EAEYXO TWV ETUPUTIKOV
mayorowTk@v Baktnpiwv /

% ®awoloyia utwv / @ Vulnerability

Optimal spraying schemes to
4 control epiphytic ice-nucleation-
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Avarntuén tou gpyaleiouv LIFE FROSTDEFEND
Development of the LIFE FROSTDEFEND Tool

MEQOAOAOTIA - ZYAAOIH & ANAAYEZH AEAOMENQN / METHODOLOGY - DATA COLLECTION SANALYSIS

N A ( i
o NEAIO EQAPMOTHE / AIZBHTHPEE XAMHAOQY KOZTOYZ / AEITMATOAHWIA / Muxpofiohoya] avéduon ot glktpa 9 METPHEEIZ INPst /
STUDY AREA LOW-COST SENSORS SAMPLING xat piMa / INPs* MEASUREMENTS
Microbiological analysis of filter
and leaf samples

-»
Tyen)  Oeppokpasia Méxpnan tou ThnBuapiod Twv
: , pobia  Yypacia QUIPOUPEVAV Kell EMIPUTIKGY
Entheypévor aypol by o/ uwu' o
oY £upitepn mepiox g .
iy Puthie Mo Toupialan TIAYOTOINTIKYG TOUS KaVOTITaG
TOU Alyiov
% matter (PM)  Humidity ("0 ! Mexpnan tuv INPs pe texvixég
, Measurement of airborne and coxpis /
Selected ﬁel-ds in the (%) Measurement of INPs using
iphytic bacterial populations .
wider AIgID area epIp yt state-of-the-art techniques
and their ice-nucleating activity
\. BN J \e AN J
KYPIA ANOTEAEZMATA / MAIN FINDINGS
o Zuayuion Twv empuTKGY Pakmpiwy Bt ouoyéuan Apvnki) ouayétion petagl mg
e Ta auwpolpeva owpatidia petall twv PM2.5 kat Twet kat Twv EMEUTIKGOY
kau 1 Beppokpasia / TWV EMPUTIKWY Boxmplwv /
Relationship of epiphytic Baxtnpiwv / Negative relationship
- bacteria with particulate Positive relationship between Twet and
g matter and Twet between PM2.5 and epiphytic bacteria
S8
€5 epiphytic bacteria
g%
8 2
S s
35
E s
woow
o Trv dvouln kaaypapnkav 6 T i mepioSo, mapanpribrkav H petagopa oxévng ané
Niyétepa ouvohké TEPIoTdTEPA NayOROUTIKA PakTipia  Zaydpa “W&“fl pe
empuTika Baxmipia / ot Beppokpaces - -6°C / "”E"W P
D In spring, fewer total During the same penod, more A avipodyeror oupamdlow km

©

*INPs: Ice Nucleating Particles/ZwpaTidia nupfivwv nayou; Twet: Wet-bulb temperature/@eppokpacia uypoU BoABoU

ice-nucleation-active bacteria
were observed at temperatures
around :E‘C
% 0 1.
G
g 9

H guvbuaoTiki mapakeholdno N HETEW POAOYLKWY KAl ATHOC PULPLKWY TIAPAPETPWY Kal HiKpoflohoyinwy SEIKTWY
peATLWVEL TNV KaTavonon Tou Kivbhvou mayeTol kat vtooTnpifel TNV éykaipn mpoeibomoinon Kal Afjyn amopdoewv.
The combined monitoring of meteorological and atmospheric parameters and microbiological indicators
improves understanding of frost risk and supports early warning and decision-making.

empuTkav Paxmpivv /
Saharan dust events were
associated with increased
h4 concentrations of INA
airborne particles and
epiphytic bafc’.t_?n'!\a

g e
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Mewpapatikn mpoagyyton yia v mpoPAcyn ¢ eundBeiag otov mayetd
Experimental approach to predict frost vulnerability

N & il N N
©dhapot eAeyy6pevng @eppoxpacieg nayonoinang W 9 Eibixdg Bakapog katdyugng 'ExBzon ohdrhnpuv Sévtpuv 6 ———
Beppokpaociag Kat {nuiég nayetod yia PaBpovopnon o kevipiki FaMia P "
Controlled Ice nucleation Dedicated freezing chamber ||  Whole-tree exposure in Main outcome
temperature temperatures for calibration central France
chambers and frost damage
AfiohoyAoape v enibpaarn Mevprioape Tic Beppiokpacies xrrnﬁw: emiong évav a&.«s IWW:MHM e 5Mpu‘ H mqmnﬁ’ aut| npoatyyion
¢ Beppiokpaoiag om rayonoinong Kat TG Inpiég Ho keréynfng mou enérpene . ‘l‘-‘KP"'-'Q pag £6eike nidx ta epdpanayéva
pawohoyia Tev opbaludv, nayetod oe opBahucis ™y eqaproy INA péow exacpod | | - Xepves ot kevipw Fakhia, pUTG avIanoKpivovTal oTig
¥pnoonowivtag Bakapoug Phacrols kat poAha, oe e L e va'mm" u?w e - g : ; J
Ty S vopetings " npaypatiké xpdvo TG katdpulng Beppioxpaoieg nupnvonoinang Kol T auTH oxETiETan e Ty
s oAGKANPOU TOU HUTOU. kai {npiéc ané o kplo & Mo eundBeid Toug oTov nayets.
; akpaleg ouvBrixes and Ty EMGda.
We analyzed the relationshij We measured ice nucleation
o o R We also developed a dedicated In parallel, we exposed whole This experimental approach
between temperature and temperatures and frost damage i ;

) freezing chamber that enabled trees to very cold winters in revealed how acclimated plants
bud phenoclogy using on buds, stems, and leaves at I cesirliEaroatinracani ioe o hilting Mmperdtives
controlled chambers. different phenological stages. - Spr:::d i nucleation temperatures and and how this relates to their

OsBalioi  Blaowol  Dika e Pl cold damage under more extreme frost vulnerability.
' i ; conditions than in Greece.
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MAotikn e@appoyn kot peta@opa tov LIFE FROSTDEFEND

Pilot implementation and replication

IONIAN SEA

OAigio

ACHAIA

GULF OF CORINTH o

Pilot area: Achaia (Aigio), Greece /
Mhotikn neploxn: Axaia (Aiyio), EAAGSa

Citrus-growing area with important agricultural activity /
Neproxn kaAMépyeag EOTEPISOEISWY HE CNUAVTIKY
aypoTiki Spagtnpiéta

Exposure to frost events affecting flowering and fruit set /
‘EkBeon oe nayeTikd enewoddia rou ennpealouv
v avenon kat Tnv Kapnédeon

Pilot site for tool development and field implementation /
MidoTikr neptoxr yia Ty avantuén tou epyalsiou #

Kal TV epappoyr Tou oto nedio
LIFE-FROSTDEFENDJ

Argolida, Greece /
ApyoAida, EAAaSa

® Major citrus-producing area /

Replication areas / Mepioxéq enavainmuknig epappoyrig

Laconia, Greece /
Aakwvia, EAAGSa

® Frost-prone area with

.
Puy-de-Déme, France /

~ Puy-de-Ddme, FaAAia

® Temperate fruit and

(i ZInpavukr) neploxr 4 citrus cultivation / vineyard context /
| L napaywyrg eoneplSoidov G MNeploxn pe kahhépyeies MNeproxr edkpatwy
} £onEPISOEIBWY Kal OMWPOPSPWY Kal
® Used to test transferability Q €xBeon e kivduvo nayetol apnehokaluépyelag
Ondier Gisek ‘:’"d“'m’ / b ® Supports real-field ® Tests transferability
XpmowionouiBne,yiam validation of the tool / under French conditions /
o) TnG peTagepabTTag YnoompiZer v aEtohéynon Aokipalertn
o€ EAANVIKEG SuvBIikeg Tou epyaheiou ato nedic pETapEpOIPGTNTA OF
yaMkee ouvBrike
| = o
Different climatic g . Transferability
* conditions / Real-field validation / [ \ and replication /
AlapopeTIKEG //l‘\ | Emukdpwon oto nedio Metagepoipédtnta Kat

KMPATIKEG CUVONKEG EMAVAANTTTIKY EQApOYT

Pilot and repllcation plots with field monitoring stations
‘ﬁig MAoTikoi kai aypoi avanapaywyng pe otabpoug mapakoAoubnong nediov gotg

Examples of LIFE-FROSTDEFEND installations in Greece and France
Mapadeiypata eykatactdoewyv tou LIFE-FROSTDEFEND otnv EAAGSa kat otn MaAAia

Experimental plot in Kounina (500 m a.s.L.)
MNepapatikég aypdg ota Kouviva
(500 p. updpeTpo)

Commercial plot in Temeni (Aegion)

o INRAE expenmental plot in Clermont-Ferrand
Epmopikég aypég oto Tépevn (Aiyio)

MNepapatikég aypdg INRAE oto Clermont-Ferrand

o Commercial plot in Valimitika (Aegion)
Epmopikég aypdg ota Bahwpitika
(Alyto)

o Commercial plot in Argolida

Experimental plot in Kounina (850 m a.s.L) e Commercial plot in Laconia
Epmopikdg aypdg otnv Apyolida

MNepapatikég aypdg ota Kouviva Epmopikdg aypdg otn Aakwvia
(850 p. updpeTpo)
%: Monitering stations were installed in pilot and replication areas to support frost-risk monitoring and warning.
Eykatactabnkav otabpoi napaxkoAolBnong os iAotikolg kal aypois cvanapuvquq
yia v untootiipi§n tng mapakoAotBnong kai tpoeidomnoineng kivdivou mayetol.
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A&LoAdynon ¢
QATMOTEAEGLATIKOTITAG TWV
Pekaocpwv

‘Evag  amé Toug otoxoug touv LIFE-
FROSTDEFEND ntav n a&loAdynon
ETMAEYUEVWV  XAAKOUXWV OKEVAOUATWY, TA
oTola XPMNOLUOTIOLOVVTAL CUXVA OTO TOUG
TAPAYWYoOU§  ylL TNV QVTIUETWTILON
TaBoyOvVwVY HUKNTWV Kol BakTnplwyv, ws TTpog
™MV  KAVOTNTA TOUG VA  UELWOOUV T
TAYOTOMTIKA Baktipla ota @UAAX AEPOVIAG
oTav e@ApUOlOVTAL TIPLY ATIO VA AVUUEVOEVO

Testing the efficiency of spraying
scheme

One of the objectives of LIFE-FROSTDEFEND
was to evaluate selected copper-based
products, which are often used by growers to
control pathogenic fungi and bacteria, for their
ability to reduce ice-nucleation-active bacteria
on lemon leaves when applied before an
expected frost event.

As part of the project, four copper-based
spraying schemes were tested on young lemon

EMELTOSL0 Effect of spraying schemes on bacteria reduction ~ trées  growing
Ty eTo. e . under field stress
210 mAalolo tov _ 801 conditions.
épyov, < 6.
c

Soklpdotnkov % o All tested
Téooepa 2 products reduced
oxfuata “ 204 bacterial
Pekaopov 113 | : Z / populations a few

, lTotnlblcteria INA : ll’dal bacteria  INA a Irmuumm INA ; l'l'mlhmrla INA “Totalbmrll INA . day5 a fter
Xaiovyo Day 0 Day 1 Day 2 Day 3 Day 4 o
OKEVAOUATH OF Days after spraying application.

; 3 Spraying schemes Indicators For two of the four
veapa SSVTpO( M scheme1 [ Scheme2 [H Scheme3 [ schemea | [ Totalbacteria  [7] INA d .
AglOVLIAG oV products, ice-
avamtoooovtay Lo OuvBKeS OTPEG OTO nucleation activity on the leaves was reduced
nedio. by 100% after 48 hours.

‘OAa TQX OKELACUATA TIOU SOKLUACTNKOV
uelwoav toug MANOBLoHOVUG Twv Paktnpiwv
ALYEG NUEPEG LETA TNV EQAPUOYT).

Ma Yo amd Ta TEOOEPU OKEVACUATA, T
TAYOTIUPNVWTIKY SpacTnploTnTa oTa QUAAX
newwbnke katd 100% petd ano 48 wpes.

Ta amoteAéopata tav evbappuvtika. ‘Otav o
PeKaoUOG ePapLOOTNKE 48 WPEG TPV ATIO £V
EMELOOSL0 TTAYETOV, TA CUUTITOUATH TIAYETOV
HetwBnkav xata 35% oe oVykpLon HE TO Un
Pekaopéva §évtpa, Seiyvovtag 0TL 1 £yKaipn
epapupoyn umopel va  ovuBdaiel otV
mpootacia Twv eomepdoeldwv  amd Tov
TAYETO.

The results were encouraging. When spraying
was applied 48 hours before a frost event, frost
symptoms were reduced by 35% compared
with unsprayed trees, showing that timely
application may help protect citrus crops from
frost.
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Main dissemination tools and activities of LIFE-FROSTDEFEND
Kupla epyaleia kat dpacerg duaxuong tou LIFE-FROSTDEFEND

v

N X 7 N

(1 (2 0.]?, o

R/
M\

. ; Leaflets & Seminars & Info-days &
Project website information material workshops conferences
lotooehida £pyou ®GuAAddia & Zepwvdpla & Huepideg &
EVNUEPWTIKO UALKO gpyaoctipla Zuvédpia
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Scientific publications

Technical Reports

Agricultural trade fairs / : o
exhibitions Networking activities
AYPOTIKEG EUMOPIKES ApactnpiotnTeg Emotnpovikég Texvikeég EkBéoelg
eKOEoELS ditowong dnuooietosig
x . . .
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Scientific output ;2

Main publications related to LIFE-FROSTDEFEND /
Kopieg emiotnpovikég dnpooievoerg tou LIFE-FROSTDEFEND

w %{ (2] i I

Cold hardiness

Ice formation in plants
Ice Nucleation and Cold hardiness mechanisms
and modeling: existing

Freezing Consequences
in Perennial Plants approaches and future avenues

© &b 4
B

Ice-nucleating particles

Dormancy and budbreak

Is winter coming? Minor effect

GloPINE dataset: model-ready
measurements of INP of the onset of chilling
concentrations using accumulation on the prediction
of endodormancy release and budbreak

PINE instruments

Tree water status

Dynamic modeling of stem
water content during the
dormant period in walnut trees

of frost-risk assessment and crop adaptation.
”(éf-"

VZ 4

These publications strengthen the scientific basis

O1 SnpooteloEeIg AUTEG EVIOXUOUV TNV EMIOTNHOVIKN Bdon
ya tnv a§loAdynon Tou Kivéuvou nayetol kat tn Aqyn ano@acewy.
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LIFE-FROSTDEFEND :‘a
4 AFTER-LIFE PLAN

OUR MAIN ROADMAP

2 X

SHARE & ENGAGE COLLABORATE & EXPAND INTEGRATE & USE EVALUATE & IMPROVE
KOINOMOIHEH & IYNEPTAZIA & ENSQMATOZH & AZIONOTHEH &
EMMAOKH EMEKTAZH XPHEH BEATIOZH
() i A &
© 0 O Tl Q
U — -

/# Share results and [ Work with partners £& Promote the use of tools £ Monitor impact

practical tools and networks and knowledge and collect feedback
Kowvoroinon Luvepyaoia pe £Taipoug Mpowénon mg xperiong MapakohotBnon
anoTeAECHATWY Kat Kau diktua epyaleiwv Kat yvHoeEwy EMTTWOEWY Kal
TIPAKTIKWV epyaleiwv ! oulhoyr avatpopodétnang
Look for opportunities Integrate results into
Stay in touch with to continue and expand advisory and decision Review and update
growers and advisors activities support materials and tools
P i Lo Avalijmon eukapiiv Evawpdrwon twv Avaokérmon Kal
: H Y1 ouvERIoN Kat AMOTENEOHATWY OE eMKapotioinon uhikol
"Ww"‘ R eMéKTaon Spaoswv gupBouAeuTIKN Kal Kal epyaleiwv
wupfotovs UoOTIpIEN anopdvEwY
Maintain the project Su:iort t:almng Encourage local adoption [dentifypescsand
website and materials s ipouiacpe of good practices plan next steps
Maripnon ¢ wrocedibag e EvBappuvon uioBEToNG EvmmauTI oy
ToU £pYou Kat Tou UALKOD Ynoaoign el.matéeumq KaA@V TIPAKTIKWY 0E ml_ oxediacpés
Kat avahhayrig yvioewy TOTUKG EMIMESD enépevwv Brpdtwy
e = - e W e et A= vy R N
CROSS-CUTTING PRIORITIES - IN EVERYTHING WE DO
OPIZONTIEZ NMPOTEPAIOTHTES - XE OAEX MAX TIX APAZEIS
00 | ot
() AL
STAKEHOLDER ENVIRONMENT INNOVATION CLIMATE ACTION
ENGAGEMENT MEPIBAANON KAINOTOMIA APAZH MNA TO KAIMA
EMMNAOKH —_—
ENAIAGEPOMENQON ®OPEQN Respect nature Encourage new ideas Support resilience
Gorflinbous didlogue and promote and practical solutions and adaptation
andicollaboration sustainable practices EvBappuvon véwv 186V to climate change
Suvexig S1dhoyog Kat ZeBaoudg ot guon Kat Kat MPAaKTIKWY AVCEWV Yrootripi€n avBekukoTnTag
cuvepyaoia TipowENoT BUDOIUWY TIPAKTIKWY Kal ipocappoyrg oty
k. KALpaTikr) alayr Y,

INRAZ £ () :
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MHNYMA T1A NAPATQroyz, reQrnoNoyYz KAI ZYMBOYAOYZ
KEY MESSAGE FOR GROWERS, "
AGRONOMISTS AND ADVISORS

To app LIFE-FROSTDEFEND unootrpilel thv £ykaipn mposidoroinon
Kat v KaAUTepn npoeTolpacia yia eneloédia ayetol.

The LIFE-FROSTDEFEND app supports early warning
and better preparedness for frost events.

O nayetég Sev pnopei mavra va anoweuyBei. H £ykaipn kai a§iomotn
mAnpogopnon, Spwe, propsi va BonBrosl tapaywyols Kat YewTdvoug
va TIPOETOIHAcTOUV KAAUTEPO KAl Va HEWICOUY ToV Kiviuvo Znuuwy.

Frost cannot always be avoided. However, timely and reliable
information can help growers and agronomists prepare better
and reduce the risk of damage.

b
© ® a4y O
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o —
- =
I'vwpiloupe Tov Kivéuvo Mpostopalopaote fykaipa Apoipe Tio otoxeupéva
KNOW THE RISK PREPARE IN TIME ACT MORE EFFECTIVELY
To epyakeio Ponba oty kahitepn H éykaupn mpoeidomoinon Sivel H minpogopia yia Tov kivbuve mayetol
Karavonon Tou TOTe ot ouvBrikeg pmopel TIEPIOTETEPO XPAVO YIa opyavwar Kal UTIOTNPIZEL TIO TIPAKTIKEG Kot
va odnyficouv oe Inud amd mayets, £PAPHOYT] KATAMNAWY HETPWV TEKUNPUIHEVES ATIOPATELS OTO
TipogTagiag,. eninedo tou aypou.
The tool helps users understand Early warning gives more time Frost-risk information supports more
when conditions may lead to organise and apply suitable, practical and evidence-based decisions
to frost damage. protection measures. in the field.
[@Frostoereno s Tupoowépel to app What the app offers
L -
Q | & | ¥ | ®
<> -
MapakohouBnon Eykaipeg YnootipiEn yia Kataypadgpr
ToTukoU Kivdlvou TposISoTotigEL kahitepn TapaTpRoEw!,
TayeTou TposToIaTia arno to nedio
Local frost-risk Early warning Support for better Field observations
monitoring alerts preparedness and feedback

Mg Aertoupyei to epyaieio FROSTDEFEND
HOW THE FROSTDEFEND TOOL WORKS

(1] 2] (3] 4]

Lo W0, Q

Sl
AcBopéva rieBiou Metewpohoykn Zxabie avamtuing & Extipnen kwdiveu ‘Eykaipn mpoeiomoinon &
Field data npéyvwon Biohoyikoi Seixteg nayetol kahiTeEPN MpoeTolpaoia
Weather forecast Growth stage & Frost-risk Early warning &
biological indicators assessment better preparedness

Zapwote yia va emiokepBeite o £pyo kat va pdbete

W meprocotepa yia to epyadeio/app FROSTDEFEND.

Scan to visit the project and learn more
about the FROSTDEFEND tool/app.
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% LIFE FROSTDEFEND
Ermukowwvia | Contact

EKE®E Anpokpirog
Ivotitouto MNMupnvikwy Kat PadtoAoyikwy Emotnuwy kat
Texvoloyiag, Evépyelag kat Aopdareiag (INPETEA)

(O

E-mail: frostdefend@ipta.demokritos.gr

Phone: +30 210 650 3008

MNeploodtepeg MAnpogopieg GTOV LOTOTOTMO TOU MPOoYPAHUATOS

https://frostdefend.eu/en/

NCSR Demokritos

Institute of Nuclear and Radiological Science & Technology,
Energy & Safety

© | & ¢ [

E-mail: frostdefend@ipta.demokritos.gr

Phone: +30 210 650 3008

https://frostdefend.eu/en/

@ More information on the website

Life-FrostDefend ‘EBD Life_FrostDefend ® Life-FrostDefend

e To épyo LIFE20 CCA/GR/001747 - FROSTDEFEND ouyypnuatodoteital and to Mpdypappa LIFE tng Eupwmaikig Evwong,.

To napdv evnpepwtikéd dedtio exppdalel anokheloTikd Tig anoYeL; Twv ouyypapéwy Tou. O Eupwmaikdg Exteleotikdg

Opyaviopés yua o Khipa, tig Ymobopég kat to Nepifaihov (CINEA) kar n Eupwmaikn Emrponry Sev pmopolv va
BewpnBolyv unelBuveg yia onowadAmoTe ¥pRon Twy TANPOPOPIIV TIOU TIEPLEXOVTAL OTO TTapdv.

@ The project has received funding from the LIFE Programme of the European Union under GA number
LIFE20 CCA/GR/001747. Views and opinions expressed are however those of the author(s) only and do not
necessarily reflect those of the European Union or CINEA. Neither the European Union nor the granting authority
can be held responsible for them.
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