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Laboratory of Agricultural Constructions and
Environmental Control

Objectives

Sustainable agriculture production in controlled environment — Greenhouse

Design optimisation of greenhouse structures

Rational management of hydroponic and aquaponic systems
Development and evaluation of greenhouse climate control systems
Plant based greenhouse climate control

Development and evaluation of crop stress indices

Major projects:
» Intelligent crop-based environmental monitoring and control of sustainable greenhouse eco-systems (GSRT,
Excellence)

Optimisation of greenhouse climate control in high salinity soils using omic technologies (GSRT, Cooperation 2009)
Sustainable use of Irrigation Water in the Mediterranean Region (FP7, KBBE 2009)
Smart Controlled Environment Agriculture Systems (FP7, Marie Curie, IRSES)
Online Professional Irrigation Scheduling Expert System (FP7, KBBE 2013)
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KEMAAH AIMANZHE *** AREOS electronics 2018 *** 5/N 310818 W1

» i O 1o SCREEN P ROP ROP ROP ROP ROP6 CROP ROP
Irrigation setup
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Internal Internal

Every minutes Every minutes Every minutes Every minutes Every minutes Every minutes Every minutes Every minutes
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Delay start sec0
ferts Pumps

Regulaie EC with 5
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nkatsoul@gmail.com
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Controlled environment growth
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Rational use of water resources
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T OpIRIS-Algorithm
OplRIS Server
\ Dally Caicuiations Crop Health Indicators

OpIRIS-Hardware
froy l/(Sensors + Datalogger)

EveryTning 15 ok
Optismal Irrigation (L), 300 i e )
R
Trevapleation (Liwf) 1 53 .V
LA (mtirs 3 E300
SR MM dny). 7198 Cous Forezast. 58% (Sun and Couds)
Azt ieganon & Dran o oo
Imgation (Lm'y 207 DT e 176
yor Ot (%) W00
g B Wind Speed (NmAY 26
3
|
.
| F
-‘ l]
.
® Operval Dady irgution @ Oclillh Sugmerind srgwss Dy Tramn
RSy Mgt oy Do ® Corcerponn ® Oon

2y Irigation Review Chart Datty Ditmnage Retabon



Wirelles Systems

Air temp and relative humidity




GreenSense

Spatially distributed greenhouse
climate control based on wireless
sensor network measurements

Temperature - Summer: a) daytime, b) night time
Winter: ¢) daytime, d) night time
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Transpiration — Spatial variability

O

WSN characteristics & sensors

. Zolertia Z1 nodes & e a

. Advanticsys CM3300 for the base-station node

» Olimex OlinuXino A13 computer

- SHT1 sensorfor T,;, & RH &
» ZyTemp TNg sensor for Tu- y l

- IP65 humidity resistant boxes

= Transpiration estimation: Tr=a R+ b VPD

= a) daytime
= b} night time

= ¢)average on entire summer period
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GreenSense Reflectance and temperature indices for

Remote SCNSINE 1N grecninousces 101 plani It

Hyper spectral Dark current

cam calibration calculation
— — »

Hyp. Image Determi
au l]lllSIllOﬂ nation 0‘
\ fomml - :l'g""' =
» Different types of effective reflectance sensors can . : B 37 target
| . . . . - g | P
water status in real time by monitoring plant reflectan LA, oy f o Image segmentation position
- g , * Reflectance extraction of the
region of interest

L ﬁ |
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Reflectance index
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Running projects interreg
/Vediterranean w""“"’

# MED Greenhouses

* MED Greenhouses (Interreg MED)
https://MEDGreenhouses.interreg-med.eu/

e Organic+ (H2020) https://Organic-Plus.net/

ORGANIC
PLUS

* FoodOASIS (EDK) http://FoodOASIS.eu/
* AlgadFuel&Aqua (EDK) http://AlgadFuel-Aqua.eu/

* InGreco (EDK) N e (EPANEK 20U A2l
. L European Regional COMPETITIVENESS*ENTREPRENEURSHIP+ INNOVATION erem
* Fotokipia (EDK) P

Co-financed by Greece and the European Union

e CasH (Greece-Germany)
http://cascade-hydroponics.eu/
* AgriTexSil (Greece-Germany)

1 1 Lt —
° . 1 s —
| ltt . WWW. a r | teXS | I . e U i L EPANEK 2014-2020 ewonc stnm: = EznA
& iy of eyt = ONPETITIVENESS PCONCMY & DEVELOIMENT Zm ®
P ecmamts sns ki 4oy GENERM STSMETRONT R ENTREFRENCSURSHIP IPECIAL TECRETAR 1A W50 4 C7 pove
. p- BLSLAAGE AMD (1GIIULOGY SNOVATION serwts ' oyess - siivkeyys
Euroom pes mumuon Partrership Agreeme
Owswizzrare Fand 2014 - 2000

Co-financed by Greece and the European Union


https://medgreenhouses.interreg-med.eu/
https://organic-plus.net/
http://foodoasis.eu/
http://alga4fuel-aqua.eu/
http://cascade-hydroponics.eu/
http://www.agritexsil.eu/

Greenhouses: why?

How to increase circularity in horticulture?




Need for higher productivity

Globally, agriculture needs are expected to rise significantly

the next 35 years

2014 2050
Current population Will be raised to
is 7 billion people 9.1 billion people’

100% of food needs Will be raised by 70%"

* Rise in food needs by 2050 will be disproportionate to the rise
of world population.

POPULATION OF THE EARTH Allanz )

Number of people living worldwide since 1700 in billions 2048: 9 bin

1700 1800 1900 2000

Source: United Nations World Papulation Prospects, Deutsche Stitung Wekbevitkerung

For further infomation please visi: Wi incledge.alkanz.com

1. Food and Agriculture Organization of the United Nations (hereinafter FAQ)
2. United Nations
3. Intemational Horticultural Congress




Need for Circularity in Horticulture

& Climate
. Depletion | change

of natural
resources >

« ('8



Regional suitability-needs
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Regional suitability-needs
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Protected cultivation: why?

Out-of-season/year round production

Higher productivity per unit soil surface
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Means:

* Improved control of:
e Temperature; Light; Humidity; CO,
* Irrigation and fertilization
* Pests and fungi

15% more productive

Water Tha Fifeiency in relasion to rechnolagy

Liters water per kg tomato
Kg fresh product per m* water

Open Field 3 kg 1 kg > Owidoor production system

Fo 7 OOliters 000000000000000
gg @® 72 006006060000060
Plastic greenhouse kg QQQQQ"QG‘Q"QG‘Q
i eeeededebe vue 000000000000000
d A Halland ‘chasac’ grasnhoess
Modern greenhouse 43 kg 4 liters Q QQ‘Q

0000000000 $00000000¢ ¢oe
Mhi  cossssesss sesssevsse

- dly 4 WUR



wope WWOrldwide greenhouse areas

North America

Canada
2,266"ha
a7 % Ontarle

-

A S 4
« Linlted States

T ¥ O 4)‘\ ~ ~
vy 8425 ha

( “Japan
. 49,049 ha

'S, Korea
g “~ 57,444 ha
“ 4 . k ’ ‘.
‘ China i Top 5 Countries by A
2 700,000 ha '




Almeria - Spain
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Low and

PE covered greenhouses

Ventilation, shading, evaporative cooling
Soil grown crops

Fertigation

W 2

hquses

e PE or glass covered greenhouses

e Heating, energy shaving systems, ventilation,
shading, evaporative cooling, air mixing,
insect proof screens

e Soil or soilles crops in open or closed
systems, Fertigation

e DSSs and automations



Farm balance for a truss tomato crop
under two production strategies

Netherlands (Venlo) Spain (Multitunnel)
Production (kg/m?) 55 16
Value (€/kg) 0.93 0.65
Gross income (€/m?) 51.15 10.40

Affected
mainly by

outside
climate

mainly by
product
value

",,

(Vanthoor et al., 2011)



Productivity of tomato

80 -

Yield kg/(m?- year) | 71 ’
O i e e e N
G -l ’ . ‘- ..
50 Trmmereg BT §/ = B
40 Tiesmeasrsseneanes — “ - ! - - - R -
£l & . 0 ESSSSEEEEEE BN R

open field unheated heated high-tech high-tech
multi-tunnel  multi-tunnel with CO,  with COp&light

Control of production factors




Water and nutrients

CpiRS-Controller

circularity in greenhouses |z

ep——— - a '@

N
o =
) & - ‘/ . . D81 Jata o prmama W mepesh DAY Uvmn” e ez 088 - s Ercal TTe rmmrelm et o meMeee
"q'/ —— » "4 - (Xck OedmE: Orlirc fofoscral impeice SEcSdrg | m Timpatiee Frogamme; | 1%caca ¢
W N > v 4 f coie-wek daalemp: | [, ) Smee_rhers apgicatice

Low sodium
irrigation water | |f




Cascade hydroponics

The nitrogen balance for
the two combined systems
shows an important
decrease in N leachate.

The adoption of the
‘cascade’ crop system
reduced environmental
impact for climate change
category by 21%, but
increased eutrophication
category by 10% because of
the yield reduction.

Muhoz et al. (2012)




Nutrient Film Technique

Aquaponics Wastelwater

<— I

— -— i
Integration of aquaculture and \ |
hydroponics. ﬁ PVC pipes 1
— —
|

Symbiotic growing of fish and vegetables
in recirculating water systems — is
emerging as one important area of
sustainable agriculture.

I
Purified water

e @7 Pump Filter 1
s ﬁ @ |

J

' Sybimar

Ravinnepitoinen vesi <.

Biomassa ‘
biokaasuksi

" Biomassa
biopolttoaineeksi
Vihannekset =




Organic Plus

Cultivated organic areas in the Mediterranean region and
inputs used

What is done in WP3-Plants of Organic Plus
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T3.1: Current use of contentious inputs in
organic production

_/ e R
fl\/lapping of Cu and mineral Countries: Denmark, France,
oils use. Current policies Germany, Greece, Italy, Norway,
. and legal status ) Poland, Spain, Turkey and UK )

T3.2: Identification of available alternatives to
copper and mineral oils for plant protection in
organic production in Europe (M1-9)

D3.1: Mapping (available)
D3.2a: Available alternatives (available)

D3.2b: Factsheets (4) on transfer/adaptation of alternatives (available)



OrgamMdc-PLUS - rart agreement No [114340] |

+

ORGANIC
PLUS

Pathways to phase-out contentious inputs froam organic agriculture in
Europe

Deliverable 3.1: Version 1.1

Current use and legal status of crop protectioninputs

Versions
Version: 1.0 |Septamber 2018) First version
Versian: 1.1 |31 Qctaber 2018) Text updated with latest infonmaticn.

Funding

Thiis projeci hes recedzed fonding from ihe Evrageen Unioe's Horden 2020 reseorch aua povemion
PROGrARMMY UROEr GRGAL GRreement Mo (772 260 — Lrgaric-Pulis)

:z::.'.* DAFNAE




ORGANIC FARMING IN THE EU

ORGANIC AGRICULTURAL LAND* IN THE EU-28 (201¢)

1 1 .9 |6.7% of land used for agriculture

million hectares

16.9% Spain
Four countries together 15.1% Italy
account for 54.4% of 54,40/0
the EU's total organic area 12.9% France

9.5% Germany



ORGANIC FARMING IN EU COUNTRIES

Proportion of organic agricultural land* in 2016 (in %)

f}‘."lC‘dC‘HJ

United Kingdom
2-‘8 : Denmark
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2.9
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Organic farming area

Share of total organlc area in total utilised agricultural area (UAA)
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19.6 192

Data refer to 2017.
Norway, Iceland, Switzerland: Non-£U countries,
23.4 Estimated data for EU-28, Italy, United Kingdom and Norway.

ec.europa.eu/eurostat



Legal status for Cu and Mineral oils

* The legal status of Cu, S and mineral oils in the EU is

regulated by the European Commission regulation (EC) No
889/2008 of 5 September 2008

e Cu as fungicide is allowed up to 6 kg per ha per year

For perennial crops, the 6 kg limit can be exceeded in a given year provided that
the average quantity actually used over a 5-year period consisting of that year
and of the four preceding years does not exceed 6 kg.

 From 2019 to 2025 the EU limit is 4 kg/ha/year or 28
kg/ha/year in total over 7 years

* From 2026 it may
— be increased to 6 kg (not likely)
— stay the same for another 7 years (likely)
— be reduced to 3 kg or 2 kg (most likely)
— be reduced to ZERO (not likely)



T3.1: Current use of contentious inputs in Countries:

| rrance 65%  JANG

@ Llégumesfrais

5,6%

Grandes cultures

/ 3,3%
0%

2001 2006 2011 2016

un
S

organic production (M1-6) Denmark
| France
Evolution de la part des surfaces nationales conduites en bio de 2001 a 2017
Germany
25%
= Grandes cultures G reece
Surfaces fourrageres _
O w— | égumes frais ;;’;:iiiz Ita Iy
S 20% s FrUIES : '
2 PPAM Norway
: —— Vigne Poland
t == == Total i
a 1 Spain
_”é Vigne 10,0% Tu rkey
-g Surfaces
5 10% fourragéres 9,2% U K
£

Sources Agence BIO/OC 2018, Agreste 2017



T3.1: Current use of contentious inputs in

organic production (M1-
ganic p (//6)\

* Cu:

* @Grapes:
— Low downy mildew pressure : 2.5 to 3.6 kg/ha/yr
— High downy mildew pressure: 4.3 to 6.4 kg.ha/yr
* Fruits:
— Apple: 2.1 kg.ha.yr
— Peach: 5 kg/ha.yr
— Apricots: 3 kg/ha.yr
* \egetables

— Potato: ware: 3 to 8 kg/ha;yr; earlies: 3,3 tyop 4 kg /ha/yr, according to LB
pressure

— Tomato: 3,6 to 6,1 kg /ha yr according to disease pressure ( LB / bacterial
diseases)

 MinOils: Very little information available (Main target:
virus-transmitting aphids/ seed potato)

* According to the Brittany organisation of organic seed potato
growers, mineral oils are now almost entirely replaced by plant oils
( rapeseed) > not an issue anymore

* S: Not really considered contentious in France

Countries:
Denmark

France

Germany
Greece
Italy
Norway
Poland
Spain
Turkey
UK

\_




T3.1: Current use of contentious inputs in

organic production (M1-
ganic p (//ﬁ)\

gming area in Germany (2017):\

* Number of farms: 267.651
* Number of organic farms: 29.174

— Share of organic farms: 10.9%
e Total area: 16.780.085 hectare

— Share of organic farmland: 8.2%

\_

e Organic farming area: 1.375.967 hectare

\

Countries:
Denmark
France

Germany

Greece
Italy
Norway
Poland
Spain
Turkey

-

UK
- _




Cu kg/ha/year

4,5
4,0
3,5
3,0
2,5
2,0
1,5
1,0
0,5
0,0

Copper application in Germany within Demeters’ farms
(2011-2016)

® o
® [ )
SRERE
.: .
$ g °
:! :0.
o
.‘:
o
@
10 15

Farm

20
D

25

30

35

e 2011
e 2012
* 2013
e 2014
* 2015
* 2016



T3.1: Current use of contentious inputs in

organic production (M1-
ganic p (//Q)\

mganic and conventional crops of O+ interest in Greece (2016)

Fresh Total (agricultural Total

(in ha) | Olives Citrus l vegetables Iand grazed Iandi (agricultural land)
Organic 44752 2300 290 342582 102166
Conventional 821206 42640 73812 3152600 2432524
% | 5.4% 5.4% | 0.4% | 109% | 4.2%
Cuuse: -

In conventional olives (worst scenario) 1 application in October (CuOH), 2
applications in February (calcium copper sulfate), 1 application in
March(CuOH) and 1 application in June-July (oxychloride Cu), total Cu:
16.5 kg/ha/year

Best scenario, total Cu: 7 kg/ha/year. (In conventional, concentration of
Cu in soil >1.5 ppm)

In organic olives: 1 application in October (CuOH), 1 application in
February (calcium copper sulfate), 1 application in June-July (oxychloride
Cu). Total Cu: 6 kg/ha/year

In organic fresh vegetables: 2-4 kg/ha/year

Countries:
Denmark
France

Germany

Greece

Italy
Norway
Poland
Spain
Turkey
UK
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T3.1: Current use of contentious inputs in
organic production (M1-6)
/A

Countries:
Denmark
France

fonventional citrus areas in Italy Germany
2015 2016 2017
( Greece
Italy | ha 150,047 146,000 138,000 - 3% o _
ton 3,151,564 2,500,000 2,900,000 + 6% Orgar"c citrus areas in |ta|y Ita Iy
2015 2016 N
Organic citrus Ital h 31,869 36,125 13,4% ey
. . taly a : , + 15,47
areas in ltaly in ton 524.990 596,000 Poland
conversion  and | Spain
converted (ha)
6rganic citrus area In conversion Converted Total organic area 2016 (ha) Var.% 2016/15 TU rkey
Oranges 5.321 12.897 18.218 15 U K
Lemons 1.990 5.353 7.343 14,4
Grapefruits 22 105 127 32
Others 3.150 7.287 10.437 9,7 \ /
Total 10.483 25.642 36.125 +13,4
Organic citrus area in Italy (ha) = 36 kha/146 kha =25%

Among the investigated crops (citrus, olive, tomato and potato), high amounts of copper are
used by Sicilian growers in lemon orchards and potato.
For these two crops the limit of 6 kg per ha and per year is generally not respected.
In olive orchards in Calabria the amount of copper applied exceeds greatly 6 kg/ha per year.
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T3.1: Current use of contentious inputs in Countries:
organic production (M1-6) Denmark
— France
Germany
In 2016, certified organic agricultural area, including area under Greece
conversion, =4.8 % of the total agricultural area in use. Italy
Number of holdings with organic farming was 2 100 = 5.0 % of the
total agricultural hgoldings ingNorway. ° " Norway
* Cu:Upto 6 kg copper per ha per year. Was approved as a Poland
pesticide in organic growing in March 2017. Spain
* Mineral oil: Commercial product containing >94% parrafin oil, Turkey
approved for use in OF in Norway: Fibro (Belchim Crop UK
Protection). \_ P

e Sulphur and Lime sulphur (calcium polysulphide) allowed without
tresholds or other limitations.

\_ -




T3.1: Current use of contentious inputs in

organic production (M1-
ganic p (//ﬁ)\

Countries:
Denmark
France
Germany
Greece
Italy
Norway
Poland

Spain
Turkey
UK

'/
SURFACE (Ha) SURFACE (Ha)  \
SPAIN (2016) ORGANIC TOTAL \
Cereals 216.481 6.240.000
Dried legumes 38.057 460.000
Tubers 639 74.584
Industrial crops 16.522 952.806
Arable crops 24.144 1.064.379
Vegetables 17.182 375.073
Strawberries 163 6.867
No citrics fruits 144.957 939.066
Citrics 10.183 295.331
. Grapevine 106.720 936.788
Olive 196.567 2.521.694
TOTAL SURFACE 771.615 5.5%  13.866.588
% organic % organic Yield Organic Yield Conventional Yield difference
SPAIN (2016) | SURFACE |PRODUCTION (kg/Ha) (kg/Ha) (organic/conventional)
Cereals 3,5% 0,7% 757 3.865 20%
Dried legumes 8,3% 2,0% 337 1.409 24%
Tubers 0,9% 0,4% 13.323 30.912 43%
Vegetables 4,6% 1,9% 16.649 40.202 41%
Strawberries 2,4% 1,3% 31.113 54,987 57%
No citrics fruits 15,4% 2,4% 729 4.623 16%
Citrics 3,4% 2,0% 13.986 23.993 58% /
Grapevine 11,4% 3,5% 1.983 6.515 30% /
Olive 7,8% 2,3% 835 2.809 30%

-~

- J

Olive is the main
organic crop in
Spain (>39%
surface of
permanent
crops)




Contentious inputs limits:
Copper: max. 6 kg/ha/year
Mineral oil: authorised only for trees.

Cu consumption per ha and year (kg) -season 2012/2013

4,50

4,00 m COPPER OXYCHLORIDE (Cu)
3,50 m COPPER OXIDE (Cu)

3,00

2,50 COPPER HYDROXIDE (Cu)

2,00

150 B BORDEAUX MIXTURE (Cu)
1,00 B COPPER SULFATE TRIBASIC
0,50 (Cu)

0.00 | . - Cu TOTAL (kg/Ha/year)

CITRICS OLIVE VEGETABLES

kg/ha/year




Pathways to phase-out contentious inputs
+ from organic agriculture in Europe

£

CrgenePLLS 5 ew S0 Hericon 2020 roect for aben 25

\

pernired In certtisn avgants peaduetiar, indusing soops
P L hoogeees, roracal als 2 sulphur, wSth a <peddal fecas an
perzmizd Bl enerean aeps like titus ad wives and

et raase crous e Lamats ol qubery e

partres ¢ 12 ceurtees (=0 ard ree kU see werkicz to find
arernanacs 1o socys o the cortaateds coabs curcrtly

ORGANIC
PLUS

WHAT ALTERNATIVES TO

CONTENTIOUS INPUTS IN
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WHAT ALTERNATIVES TO CONTENTIOUS INPUTS IN
MEDITERRANEAN CITRUS ORGANIC FARMING?
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ALTERNATIVESTO COPPER

The Imt of € Sahafves of metal coppes is penerely
raspectad In arganie atrus farms of Med tarmacan
caurtees. The only axeration way aegard lemors which
are partizularly sascept e to Wal oo disrase Since nn
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clive all=inatives Lo wopper are available 334081 is

diseanr, i yeass Wil edveeie wedlber conditior:, e
aiven lim tmay 3¢ sxceered by organic growess.

Alternatives to copper currently rely on:

Law copper grade fo latl wWith reduzen coppor
cantent (7 &%), allw a smaller amzunt of copprr
distributae aer hactare,

“Natural® altarmative farmulations, apglicd to roplazs or

faddioR CORRES GaSARE LERd Altera

2ly or incamsination

with copaer. Sama ol (her ace includac in Annex Il Lo
Comrristion Reguation (CC)  369/2008, senmiver for
plant protection i orzaic crop prodaction.,

Plant extracts oty giocdel setivity @nd strrulatig
affacts or alan: defences.

Inorganic substances: fatty aaid =nd potassieT salts,
patassium byacagen carbanate,

iological tral  ag with  a vanety  of
mwhar..mc of actan ags nst tungal and barterts
fATANRens and SHMUIaTing #16cTs an plaar detenses
le Trichudermaspy. |,

Seaweed extracts, sucy s Ascaphiplom nodosi ane
Laeninwria digitale.

Lartingrin, sstrec = fon L s les not a direct
bactzncadal or furgicdz] actwity, kEat enhanze part
resistarae t= pathogens.

Chitosan, atara aalymer  derwed  fram chtn
roancted active Sgalrst a varlety of yooraarganisms,
wilh & pood direct sclivity coupld wfih sinaladion ol
plenidelenoe rechanisns,

Essential oils. Cormmeraal farmulanars maze from
asaeatia cltrus otls are appraved for use a 04
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ALTERNATIVES TO MINERAL OILS

Minera ails sre apalies In ciwas archards o ewcluswaly
CORTEO INSACEs ang Mites. ThEl® use ranges batween 30-120
tasthafyeer. The wide spectivm =7 acl ol reinersl vis
makes b more versatile Shen other Jllt'llelr vus which
currentlyare:

+  Soft patassium soaps 28%
*  Plant defence stimulators

+  Beneficials:
lepramashe
Phytaselulus per

Apn ,".. MAINUS, CaIeems mantmuzien,
IOy, Amhdsens QAR
tig

ALTERNATIVES TO SULPHUR

the use of =zulphur n *edizerrancar otrus growes s
ganera sy low and rasteictad to certain circn vatances, 115 use
ranges betwean 3-8 kgfhasfvear,

Mo alternatives are carr=nlly sdopled.

Main goals of O' project related to citrus

In iaozratory and growsh chamber tests, aolegil controd ageats.
resstarce induvess, ancvutwe foomuliaee, vepetab s watrects,
SRAS Ihatrcaen  perades potassivm Bicitoaate,  caldum
Aol will e pesaawrd s alleratives 18 Cuoagaingd
e sau, Alwrnean spp Cawveallam  san. A
25 5PN

i
rErutan)

Thee berst prsseion bs will e testodd o ot Fad Trals, seed imanitansd
for 2 years. Fiuld triss will evalusts: (ol reduee ncidenceseverny,
bl reduced suscoptibl ty 10 N FaCt or crop praduction,
1] bt apen catiten sheatugy (] syrwrpic s0livity of prodagts, ard 0
phytutoxcity.
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Pathways to phase-out contentious inputs

from organic agriculture in Europe

ORGANIC
PLUS

Crpanic-PoJs is a new ZU Horlzon 2020 pre ect for which 25
parters In 12 countrigs [EL and aen-EU) are working to fird
alteriative: 1o some of the cortentous Input: curreatly
sermitiad n cerdfled crpanic areduction, Including coppar
fungicizes, maeral oIz ana sulphur, watk a zpecal forus on
aerennizl Meciterrarzar croas like citeuz ard olives ard
greenkouse cropz like 1omato and auberg re

WHAT ALTERNATIVES TO CONTENTIOUS INPUTS IN
MEDITERRANEAN OLIVE ORGANIC FARMING?

OLIVE

113 factsheet prow oes an overview of zome aterratives for tha replacement/recucton of <o

rteateus Inputs (ramely

copper, mineral oll, sulphurl used for control of diseazes and pests in slive crop: Altesranve compounds cannet be
conzidered as one-for-one suastitutes of contertion: inputs, bt they shauld be integrated watin mare comrplex
strateples for crop arotection. (0 a2neral, plant health should ~ely on preventve and Indiract care measures more than
off-farm Inputs. The cholce of var eties adagted to tie loca conditions, the usa of resistant var eties anc, Ir genara, all

meazges which enzure a resiient agricultural system, strongly contribute to reduce the ¢

to contrel sest: and d zeazes,

epend2ncy on external inputs

Thr olive tree is an identifying  clerrent of  the
Madiwrranean  tada's landscape @ inwensve  olive
pantatiors, arcent olive groves and even manamenta
ave wress are emblematic of the cutural heritage and
culinary tradition:. Curopean preducing courtiies, with
dboul 5 0 on nectares of plantations, sccount for 70 tw
75 % of world production ¢f olive oil and mere thar cne
third tor tatiz olives.

The olive yield is threatered by pathoger: and pests,
which limt the olve productivity i the flele ars e
commercial lifz of progucts pest-han et Cemmon
cavtopathogenic funp  and  bactena  |Codlerarnchum
alsecsoonoides, Sovocaer aleogined, fs'yw:""r-'os.ﬂom
cladasporiaioes,  Yerochum 520, Pseudomonas
sovastanall cammonly found i all Mediserranean
compromise olive procection in aifferert
Moditersanean countries. The clwe il seeor s gorg
teal phase due to the spreaz af the
davasiating quacantine Sacterium Kyleilo fastidiosa in the
salento arez (south of talyl, becoming an emerging
dizease which represants & sarious limiting factor in the
< ive seclor,

This pr (neu M received 'lm.lu\' Troen Uhe European
Laig Horzon 2020 ‘mpadt @nd  innovation
programme under grant sereeinent No, 774340

Aesearch Centre
) Agraecu Wty

Covent
2 [v HORSSK

PRTERII ~0RSCHUNGSRING R
aS5ALY —

r orgstc olwe orcharss,  pathoger: are  mainly
contro od by rogu ar sacays with coppor bases araducts.
The domanstrated roxious eoffert af copper on soil
microbizl communites and other soil fauna vas lad |
regliatary restnotions in its use in the EL), The use of
copper for cxop protection purposas 1as beea permitead
n the EU ta 3 maamum amount of 6 kgdhaty of metal
Cu up to the end of 2018 but is now reduced to 4
kadnadye starting from January 2015,

According to the data collected by Intervewing
experienced advisors in the firss b meaths of thiz
rasearch activty, thiz et oz genarally ressected by
Mediter-anean ol lve arowers,

“ary alternative comgaunds 1o refLoe ar "epace copaer
amaunts are peder cowelopment, bt few are already
avit able on the market, aad fower are courrnty ased by
GIOweE”s Lo ary substant al extert.

\isit our website www.crganic-plus.net
o aw us on Iwitter @0rgPLUSressarch
Judith Conroyfcoventryac.uk
Froject manager
Wirlch. Schmutz@icoventry.acuk
Pi{Pringipal Investigatod)
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ALTERNATIVES TO COPPER

In alive crops of Mediterranean soanrees the limt
of & kefhafyear 1= genera Iy respected

%
\\

Low copper grade formulations, with reducer
eoppaer santert (2 850, #llow o smaller amaunt of
copper dstributad per hactare.

“Natural” akernative formulations, @palicd to
teplace o reduce copper  desage,  used
aternatively or ir combination with copger. Some
ob them are inciaded in Annex || to Commisian
Reaulation [EC) 288/2008, garmittes for plant
pratestion iv orgarizaag acaduction,

« Inorganic substances: sprayable eolite ang
“anlin for ghiatic stress pratection and olive
fruit lly protecton: K,50,

¢+ Plant defence stimulators including calcium ang
silioen

« Biolagical control agents, wilh 4 variely ol
mecharizms of sction against fungal anc
bacteral pathogers are stimulating efleds or
plant defenses. Trichodeans soan., Bsallus
suophs straing, Glomus sop, are some cxarple
af BCAs availazle on the markeat.

= Chitosan, natural poymer obtained from chitie,
reparied  aclive  againsl o wariely ol
microorganisns, with & good diract activity
couple with stmulaton of plant defence
MESIANEMS.

« Compost: compoit tea  |2arcamant  with
platzaus  orientalis  legws),  wermicompost,
YECMICOM 208t tea,

« Ume-sulphur.

WHAT ALTERNATIVES TO

CONTENTIOUS INPUTS IN

MEDITERRANEAN OLIVE
ORGANIC FARMING?

ALTERNATIVES TO MINERAL OILS

plied ta exclusy
. Thair  use renges  belweer 30-90
ar. [he wide spactrum of activity of
e than other

Mineral oils are @ ST insects
aretmis
I'trez/ka
rmineral ails rnakes there mare vers
alternatives.

= Organic oils (r.g. FFom raps
+ Zeolite and Kaolin for o jwe frut fiy protection

= Beneficials

ALTERNATIVES TO SULPHUR

The uie of sulpbas in Med teranean olve groves is
generally low, sparce mately 15 20 kgfkafvear.

NO alternatives are currently adopted.
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Main goals of O' project related to olive
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Pathways to phase-out contentious inputs
from organic agriculture in Europe

Grgaric-FLUS 5 3 rew EU Horizon 2020 project far which 2%
AFMMESS In 12 countnes [EU ano non-EL are workiag to find
zlternatives to same of the coateatious inpats camently
permittac in cartified oranic production. acluding cooper
furgcides, minesa ofs and sulphur, with a speeal fomus on
accarnial Meditersanean crops ke citrs and oowes and
greenhouse ooops like tomato and zubergire

ORGANIC
PLUS

WHAT ALTERNATIVES TO CONTENTIOUS INPUTS IN
MEDITERRANEAN TOMATO ORGANIC FARMING?

TOMATO

This fectshieet provdes oo mwerview of some alternatives “oe che replacementredust oo al conseatious inpats |rey
cupaer, mineral sl sulphor| esee foe conbie of dissases ad pests o toometa craps. S leretive comn gounids cannt o
sarsidered s par far pae suasttates of eonteatious nputs. bat they shaud be integmated witkr more comples
strategies for coop protectan, a1 2nersl, part balth snould rew on preventve 3ad incirect care maasures more than
off-farm aputs.  he chaize of variete: aczated to te local conditiors, ™e us2 of resistant varieties and, in general, 21
maasunes which anzure & resilient agrcuturs’ system, steangly contribute to reduce the dependency or exteraal apats
12 control gests ang disease:,

17 arganic tomato cultvations, pathopeas are generally
contro led by rezulzs sarays with copper-bazed prooucts.
1he demonstrated tosious effact of copoer on soll
microsiel commantz: and other ol fauna has led to
regulatony restrctons n its use o the EL. The use of
coopar for crop arotection aurposes has bean permitted
in the CU w0 g maximun enauet of § kgMadye al metal
Ca vg te the erd of 2008 bat is noe redaced to 3
kgfafyr starting fram lanuary 2008,

Tomato 5 aplantw de v cultivatad a Zuropear countries,
Eath as takle torats for fresh consamptan and s
irdustnz torato ‘o arocassing

Caltivadon s practced both In coen falgs and n
gresnhioses, sased on Lie gres and Ure sease,

Iha tomato yvield 5 cont aually tareatared by paticgens
and pests which 1t the tomate praductivity In the fied
and e commercial lile ol producs in post-narvest.
Commar ar:d aften devisttag abgrapatkage iz Fanei

divg o the data collected by intervi
exprricnced advisors inthe first & monte aof this reearzh
activity, this limit is oo the whole especied by
Ned termenear teonsta grovess.

Wany o ternabve comanands b reduce o realace coaper
amaunts are ander development, st few are alresdy
awaiiabieor the markes

and dactens (pawdesy midews, Phtopithone nfestons,

Jadospovion S0, Bolrpts cinersy, Alermans  sap.,
Pamxipvnanos sap, Xeattomsoas spa) foans in el the
Meciterrarean megions stroagly campromise tavato

praduction indifferent Meg terranea countries,

V4T eurweahsits www.organic-plus.nat
sellew Laon sttt @OrgPLUUSrescarch

Jucsth.Canray @ careentry.ac.uk
“rojact managar
Urch Schmutz @ conentry.acuk
21 Peinnpal Irnstigater)

T arojectbas receivad ‘unding i e Earopean
Union's Horieor 2020 mdec and onasation
pragearee unader grant gioeereol Ne, 77450

T ";., Hussurch Cerirs
b JLM ~ f’..‘ ia L.
- A uonsax
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ALTERNATIVES TO COPPER

Coppen Js2 in Mudilenenesn counsie: arely excceds
the berit of G kglhafyrar. The nighest amaunts aof copper
are generally appian ne greechsase amators daring the
winter seasor. Altermatives ta copaes are sarerty
reprezented by

Low copper grade forr with reduced copper
coatent (2-6%) wlow a sralles amount of  copper
wostribited perhectara,

“Natural” alternative formulations, asal ed o ceplacz or
reduca copper dosage, used altamate y or o conbination
it copaer. Some of them &g acluded 0 Annex Il Lo
Commission Reguledon (EC)  889/2008, panmittes far
At protection in orgar & crop produst 29,

= Pant extracts with biozics ameny ard stnulating
a%Facts an plant deferces,

* Inorganic substances: latly soid ane patassiom salts,
patassium hydrogen zarba e,

* Blological control agents, w1 a vanety of
mechar sms of action agaiast fungal ard hactenisl
pétnogens ang stimu ating 2fects on alant defenzes,
Ampelomyces  ouisquals.  Boalivs st 8.
amylolquefaciens, Peudomonds sop, TERo0enhad
App., Streptomypees sop, are seme example of 305
guailistleur e market.

« Seaweed extracts. such as Ascaphyium nodasum and
Lamingria aIgitora.
Laminanin, extracted from L digidata, hes ot a di
Lactaricica of fungicidal actvity, out ennance uar:
resisiance Lo pathogens.,

* Chitasan, ratural polymer abtaned from chiting it
reported to b2 active apaast & wanety of
MICreorEanls s, with 3 pood dract actiity couples
withstimulation of olant cefarca vechanzms.

* Herbal preparations [decnstiars, aettle macesatiza,
harsetail).

WHAT ALTERNATIVES TO
CONTENTIOUS INPUTS IN
MEDITERRANEAN TOMATO
ORGANIC FARMING?

ALTERNATIVES TO MINERAL OILS

*Aiaecal ol is seeadonally appoed e tooratzes, The maxrum
agz it 10:13 lisresthafyear as reaellznt effect an asents ar
Tites. Alterazuves may refyon:

*  Organi oils (e.g. from rapeseed) ;
+ Plant defence stimulators

* Diatomacecus earth

+  Potassium salts of fatty aclds
*  Beneficials

ALTERNATIVES TO SULPHUR
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Pathways to phase-out contentious inputs
+ from organic agriculture in Europe
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ALTERNATIVES TO COPPER
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T3.3: Generation of additional knowledge required for
~_optimal use of alternatives (M1-20)

—> —_—

lternatives work well in the lab but not in the field. Knowledge on the modes of action’

and interactions between different alternatives is missing. Knowledge gaps are
addressed by coupling field trials with mechanistic and ecological investigations of
\ potential key innovations )

A

Field and lab trials (M1-20)
@ - early & late blight (INRA, SLU): BCAs & PDSs
- Botrytis c. & Fulvia f. (IFAPA): Alternatives
-~ Alternaria s. (MFAL): evaluation of landraces
‘gp Y Cycloconium o./Spilocaea o. (MFAL-UTH), & Mycocent. cladosp.
Vv (UTH), Colletotrichum sp (IFAPA): BCAs & PDSs
- Colletotrichum sp (UNICT): BCAs & PDSs, fertilisers, vegetable extracts, GRAS

D3.3: Evaluation of alternatives (lab and field trials) (M20)




T3.4: Design of phase-out scenarios through substitution,
combination or plant protection systems redesign (M1-20)
T e—

/-Simple substitution strategies, combination & complete redesign.
-Determination of the need for specific experimental work.

-Data transfer to MODEL and IMPACT WPs.

Preventive farm management methods for disease control in
\greenhouse and open field will be identified and developed /

Field trials
| - late blight (INRA, SLU): epidemiological simulation model, (AU) evaluation of
scenarios for use of alternatives by IPMBIlight2.0
e - Botrytis c., Alternaria spp & Leveillula t. (UTH): DSS
- (UNICT): Alternatives to Cu

D3.4a: Design of phase-out scenarios for field evaluation (M20)
D3.4b: Analysis-modeling of disease dynamics in potato blight (M20)
D3.4c: Web-based DSS for disease risk in greenhouses (M20)
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T3.5: Field evaluation of system solution scenarios to foster
the application of available alternatives based on best
practice examples (M7-43)

Field evaluatlon

\ - system approach: across EU W|th fo_cus on North
}7 - ‘

- across EU with focus on South [
D3.5: Field evaluation of system solution scenarios (M48)

- Mediterranean




T3.6: Evaluation of the T3.7: Stakeholder
acceptance of alternative interaction and
solutions and barriers to further dissemin;{ion (M13-46)
reduction of contentious inputs

Conferences .
(M13-46) .
Seminars/workshops: \
- 10 workshops with growers, advisors and policy makers in: Volos-Greece (UTH), Catania-

Italy (UNC), Almeria and Cordoba-Spain (IFAPA), Angers-France (INRA), lzmir-Turkey
(MFAL);
- 8 open field days for growers and advisors in the field trials in: Volos-Greece (UTH),
Catania-ltaly (UNC), Almeria and Cordoba-Spain (IFAPA), Izmir-Turkey (MFAL);
- 6 publications in high-ranking peer-reviewed by: UTH, INRA, SLU, IFAPA, UNC, MFAL;
- 12 presentations in international conferences;
- Stakeholder briefing papers (7); project leaflets; press releases; and other /
D3.6a: Evaluation of alternatives and design of complete systems. Cost/benefit analysis (M46)

D3.6b: Barriers to further reduction of inputs (M46)
D3.7: 3 set of factsheets for stakeholders and dissemination (M30 & M46)
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