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Key Challenges in Plant Pathology in the Next Decade
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CHALLENGES

IN PLANT PATHOLOGY

XXI century
in global changes scenario
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Review article M Check for updates

Climate change impacts
on plant pathogens, food
security and paths forward

Brajesh K. Singh®'? , Manuel Delgado-Baquerizo®*, Eleonora Egidi®", Emilio Guirado ®°%,
JanE. Leach®°®, Hongwei Liu®' & Pankaj Trivedi®®

Abatact Sections Abo ut C I i m e C h a n

Plant disease outbreaks pose significant risks to global food security Introduction
and environmental sustainability worldwide, and resultin the loss of Climate change and plant
primary productivity and biodiversity that negatively impact the envi- diseases

ronmental and socio-economic conditions of affected regions. Climate Climate change, the plant
change further increases outbreak risks by altering pathogen evolution | Microbiomeand disease
and host-pathogen interactions and facilitating the emergence of new Paths forward
pathogenic strains. Pathogen range can shift, increasing the spread of Conclusion and future
plant diseases in new areas. In this Review, we examine how plant disease | Perspectives
pressuresare likely to change under future climate scenarios and how

these changes will relate to plant productivity in natural and agricultural

ecosystems. We explore currentand future impacts of climate change on

pathogen biogeography, disease incidence and severity, and their effects ; o
on natural ecosystems, agriculture and food production. We propose that J
amendment of the current conceptual framework and incorporation of

ate . areatens all elemengsl@ssential for life, such
eco-evolutionary theories into research could improve our mechanistic as water, ealth,’e Imentand land. This is a dramatic
understanding and prediction of pathogen spread in future climates, to scenario whose most obvious symptom would be the Change
mitigate the future risk of disease outbreaks. We highlight the need for in weather conditions; more heat waves, storms and floods

ascience-policy interface that works closely with relevant intergovern-
mental organizations to provide effective monitoring and management
of plant disease under future climate scenarios, to ensure long-term food
and nutrient security and sustainability of natural ecosystems.

caused by melting glaciers.

'Hawkesbury Institute for the Environment, Western Sydney University, Penrith, New South Wales, Australia.
“Global Centre for Land-Based Innovation, Western Sydney University, Penrith, New South Wales, Australia.
*Laboratorio de Biodiversidad y Funcionamiento Ecosistémico, Instituto de Recursos Naturales y Agrobiologia de
Sevilla (IRNAS), CSIC, Sevilla, Spain. *Unidad Asociada CSIC-UPO (BioFun), Universidad Pablo de Olavide, Sevilla,
Spain. *Multidisciplinary Institute for Environment Studies ‘Ramon Margalef’, University of Alicante, Alicante,
Spain. "Microbiome Newtork and Department of Agricultural Biology, Colorado State University, Fort Collins,
CO, USA. i e-mail: b.singh@westernsydney.edu.au
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—nature reviews microbiolo{ httes:doi.org/10.1038/s41579-023-00900-7
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GLOBAL CHANGES

HABITAT

LOSS
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EPIDEMIE
e
H/ \@ CAMBIAMENTT GLOBALT

Pests and diseases can hide on plants.
Please do not bring home plants,
seeds, fruit, vegetables or flowers.
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I PATOGENI
NON RISPETTANO LE FRONTIERE!!

m Arizona State ASU Home ~ My ASU  Colleges & Schools »  Map & Locations ~
University

ASU Now: Access, Excellence, Impact

Infectious disease spread fueled
by international trade

Exposure is just a plane ride away, says ASU researcher

¥y f & in

December 22, 2015
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Plant Health Regulation,
Regulation (EU) 2016/2031/EVU

KEYWORDS

Global strategy
Increase awareness
Informar
Training
Prevention and Control

TO BE READY
For EMERGENCY
SITUATIONS
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POLICY FORUM

FOOD SECURITY

A global surveillance system for crop diseases

Global preparedness minimizes the risk to food supplies

By M. Carvajal-Yepes,' K. Cardwell,*
A.Nelson,® K. A. Garrett,* B. Giovani,®

D. G. O. Saunders,® S. Kamoun,’ J. P. Legg,®
V. Verdier,® J. Lessel,'” R. A. Neher,"

R. Day, P. Pardey,'* M. L. Gullino,"*

A. R. Records,” B. Bextine,' J. E. Leach,"”
S. Staiger,' J. Tohme'

SCIENCE sciencemag.org 28 JUNE 2019 « VOL 364 ISSUE 6447
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merging Topics in Life Sciences (2021) 5 275-2
https://aor. .
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Review Article

Plant pest surveillance: from satellites to molecules

Gongalo Silva', Jenny Tomlinson?, Nawaporn Onkokesung®, Sarah Sommer®, Latifa Mrisho?, James Legg*,
lan P. Adams?®, Yaiza Gutierrez-Vazquez?, Thomas P. Howard®, Alex Laverick®, Oindrila Hossain®,
Qingshan Wei®, Kaitlin M. Gold® and © Neil Boonham®

'Natural Resources Institute, University of Greenwich, Central Avenue, Chatham Maritime, Kent ME4 4TB, U.K_; Fera Science Ltd., York Biotech Campus, Sand Hutton, York
Y041 1LZ, U.K.; *School of Natural and Environmental Sciences, Agriculture Building, Newcastie University, King's Road, Newcastle upon Tyne NE1 7RU, UK.; *International
Institute of Tropical Agriculture, Dar el Salaam, Tanzania; *Department of Chemical and Biomolecular Engineering, North Carolina State University, Raleigh, NC 27695, U.S.A;
SPlant Pathology and Plant Microbe Biology Section, Comell University, 15 Castle Creek Drive, Geneva, NY 14456, U.S.A

Correspondence: Gongcalo Silva (g.silva@greenwich.ac.uk) or Neil Boonham (Neil.Boonham@newcastle.ac.uk)
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PESTICIDE ATLAS

Facts and figures about toxic chemicals in agriculture 2022

HEN HEINRICH

BOLL Friends of ﬁsyidde
STIFTUNG the Eartn S BUND Acion

urope

https://eu.boell.org/en/PesticideAtlas

Pesticide Atlas

Facts and figures about toxic chemicals in agriculture

In beer and in honey, on fruit and on vegetables, in grass on playgrounds and even in urine and
in the air - traces of pesticides from agriculture can be detected everywhere. That pesticides
negatively impact human health, biodiversity, water, and soil is not a new insight by any means
The new and first Pesticide Atlas reveals new facts and data on global pesticide use and trade,
its impact on people, their health and biodiversity, and alternative solutions.
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18 October 2022 by Lisa Tostado

SELLOUT
Sales of pesticides in the European Union in 2020,
in tonnes by type and selected Member State

[Sweden [1.962] | Finland [ 4865

e /S e

Lithuania | 2,165

® PESTICIDE ATLAS 2022/ EUROSTAT

[ total

@ Insecticides’ l Netherlands I 8,940

@ Fungicides™
@ Herbicides™

 Belgium | 4,538 “Poland | 22,706 |

France | 61,002

-~

|Romania | 8,457
Portugal | 9,220

Bulgaria | 4,188

‘and acaricides
*“and haulm destructors and moss killers
*“and bactericides N 3

Onacountry level, the main determinants of pesticide use
are the climate and the percentage of land used for growing specialty or permanent crops

Agricultural land area, crops grown and the climatic conditions as well as national policies play a role in pesticide use. licence infos
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m European English @
Commission
Home > Press corner >

Available languages: English

Questions and ar s 22 June Brussels

Farm to Fork: New rules to reduce the risk and use of
pesticides in the EU

Page contents What has been proposed today and what are the next steps?

Top
The Commission has proposed new rules to reduce the use and risk of

pesticides in the EU, delivering on the Farm to Fork Strategy objective
of a fair, healthy and environmentally respectful food system.

Print friendly pdf

Press contact

Sostenibile

Ambientale Realizzabile Economico
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A proposito di Salute delle Piante e SOSTENIBILITA'
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For the EU as a whole™, the estimated total counterfeiting effect
amounts to 13.8 % of sales or EUR 1.3 billion. This is a direct estimate
of sales lost by legitimate manufacturers of pesticides in the EU each
year due to counterfeiting.

@euipo_EU, 2017

Stefania Tegli

The total direct and indirect effect in the EU of lost sales due to
counterfeiting, as an annual average for the period 2009-2014, amounts
to EUR 2.8 billion

Total effects
Sales (million EUR) Employment(persons)

GERMANY 694 2902
FRANCE 548 2295
ITALY 233 : 826
SPAIN 157 ’ 723
UNITED KINGDOM* 128 496
EU-28 | 2827 | 11 686

@euipo_EU, 2017
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B >

Non-condensable gases

\/ OXIDATION

444

Wood biomass

C
C:l | |I/\/\N\/\/\AAAN\AAN\/\| | ]:I REFINING

Biogreen® pyrolysis process ]
pro )
= (x)

Biochar cooler

WOOD VINEGAR

’ BIOCHAR

Da Biogreen, 2020
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Chestnut
wood chips extract

Lab Scale Pilot Scale

DISTILLATO

CORROBORANTE

POTENZIATORE

DELLE DIFESE DELLE PIANTE

Sostanza di origine naturate che
migliora [a resistenza deile piante

agli stress biotici ed ablotici

Estratto integrale di castagn®
abase di tannino
Content

int

DI LEGNO -

POTENZIATORE DEL IFESE DELLE PIANTE
rOSES |

T DEFENSES

2aKkMaR-W

kg di emission dI €0,

rcentuole

INFO@BIODEA BIO
+39 0575441415
WWW.BIODEA BIO.
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25.6.2019 ] Gazzetta ufficiale del'Unione europea L 170/1

Chestnut |
wood chips extract

REGOLAMENTI

REGOLAMENTO (UE) 2019/1009 DEL PARLAMENTO EUROPEO E DEL CONSIGLIO
del 5 giugno 2019

che stabilisce norme relative alla messa a disposizione sul mercato di prodotti fertilizzanti dell’UE,
che modifica i regolamenti (CE) n. 1069/2009 e (CE) n. 1107/2009 e che abroga il regolamento (CE)
n. 20032003

(Testo rilevante ai fini del SEE)

«34, “Biostimolante delle piante” qualunque prodotto che stimola i processi nutrizionali delle piante indipendente-
mente dal suo tenore di nutrienti, con l'unica finalita di migliorare una o piu delle seguenti caratteristiche della
pianta o della rizosfera della pianta:

a) efficienza dell'uso dei nutrienti;

b) tolleranza allo stres{ abiotico;

c) caratteristiche qualitative;

d) disponibilita di nutrienti confinati nel suolo o nella rizosfera.»;
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Chestnut
wood chips
extract
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Aggiornamento normativo del 09/04/2020

Decreto Ministeriale nr. 3757 del 09/04/2020 — Modifica del Decreto Ministeriale nr. 6793 del
18/07/2018 recante “Disposizioni per I'attuazione dei regolamenti (CE) n. 834/2007 e n. 889/2008 e
loro successive modifiche e integrazioni, relativi alla produzione biologica e all’etichettatura dei
prodotti biologici, che abroga e sostituisce il Decreto ministeriale 27 novembre 2009 n. 18354".

[I' 9 aprile 2020 il Ministro Teresa Bellanova ha firmato il Decreto n. 3757 del 09/04/2020 (c.d. Decreto rotazioni), con il
quale il Ministero delle Politiche Agricole Alimentari e Forestali ha modificato il DM 6793/2018 riguardante alcuni punti

dell’articolato, come di seguito specificato:

Produzione Vegetale:

- ha modificato il disposto in materia di rotazioni colturali in agricoltura biologica al fine di armonizzare e chiarire gli
aspetti applicativi relativi al ruolo del sovescio e dell’avvicendamento dei diversi cicli colturali nellambito delle

rotazioni stesse;

ha rettificato il disposto in materia d{ corroboranti Jcorreggendo il riferimento normativo per la loro immissione in
commercio ed inserendo un apposito rife o all’Allegato 3 che riporta le Linee guida per la presentazione del

dossier di richiesta di approvazione di un corroborante;

Stefania Tegli
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Set-up esperimento - Vivaio Vannucci Piante

> Specie vegetale: Nerium oleander var. Papa Gambetta
» Usati vasi da 5L

» lIrrigazione: 500 mL acqua al giorno, con impianto a goccia

» Trattamento con estratto di castagno e distillati di legno (WV) ogni 2 settimane
» Inoculazione con Psn23 dopo 1 settimana dal primo trattamento

» Pacciamatura: usato cippato tradizionalmente usato da Vannucci piante

Trattamenti: -
» Controllo negativo (no pacciamatura)

* Controllo positivo inoculato con Psn23 |
* WV BioDea -
* WYV Nerabiochar

 Estratto di cippato di cast@

—> 5 piante per trattamento

nere 10 piante x trattamento di cui 5 controlli e 5 inoculate con
DISTILLATO 4 Psn23. Diluizioni testate:

e 1:100, 1:250 e 1:500 per BioDea e Nerabiochar

* 110, 1:50, 1:100 e 1:500 per l'estratto.

s ’
A

DISTILLATO DI mwn‘
TE
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Inoculazione con Pseudomonas savastanoi pv. nerii Psn23 =
su ciascuna pianta, sono stati inoculati due rami

4

1. Fatto taglio a becco di clarino alla base del ramo
2. Inoculazione con Psn23
3. Chiusura del taglio con parafilm
4. Sullo stesso ramo fatti altri due tagli sterili per verificare
movimento del batterio.
Stefania Tegli
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Altezza Piante - Inoculate

Altezza Piante - Controllo
100-

80

60 _}

cm

404

20
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Tagli inoculati - Pianta 2 - Taglio 1
ECI 500 ECI 100 | ECI 50 ECI 1

RN
AR
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Campionamento tumori

v Campionamento delle foglie del penultimo nodo prima della gemma apicale = congelate in
N, liquido e conservate a -80°C per successiva analisi di espressione di geni correlati alle
difese.

v’ Misurazione dellaltezza dei rami d'interesse.

v Analisi dei tumori (se presenti) delle piante inoculate. | —

v Campionamento suolo = campioni conservati a +4°C. N

_

S

N

1. Tagliata sezione dove precedentemente era stato eseguito il taglio a
becco di clarino (sia quelli inoculati sia quelli sterili).

, 7 2. Ciascuna sezione ¢ stata divisa a meta, pesata, sminuzzata e
POV | incubata in soluzione fisiologica sterile per 24h in agitazione a RT.
CRBIL & 3. Per ciascun campione sono stati fatti spot da 5 pL su KB nitro50
per verificare la presenza o meno di PsnZ3 (analisi microbiologica).

\\‘ e
Q)

¥ N \\.v

i 202
| QDD
@0 ()
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Analisi attivita in planta contro Psn23

Numero tumori
Ramoinoculato 1 Ramo non inoculato 3 Ramo non inoculato 4
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Controllo positivo T T T / T T / / /

WV 1:250 + Psn23 T T T / / / / / /

WV 1:500 + Psn23 T T PT / / / / T /

WV 1:100 + Psn23 T T PT / / / / / /

Estratto castagno 1:10 + Psn23 T T T T T / T T | PT | / / / / / / T = tumore visibile
Estratto castagno 1:50 + Psn23 T T T T T / T T / / / T / / / C = cancro visibile
Estratto castagno 1:100 + Psn23 T T T C T / / T /* / / / / / / PT/PC = possibile tumore/cancro
Estratto castagno 1:500 + Psn23 T T T T T / / / / !/ |PT/PC| [ / / / 7= eera Sl
NB 1:250 + Psn23 T T T / / / / / /

NB 1:500 + Psn23 T T T / / / / / /

NB 1:100 + Psn23 T T T / / / / / /

Ramoinoculato 2 Ramo non inoculato 5 Ramo non inoculato 6
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Controllo positivo T T PT / / T / / /

WV 1:250 + Psn23 T T PC / / PT T T /

WV 1:500 + Psn23 PT T PT / / / / / /

WV 1:100 + Psn23 T T T / / / / / /

Estratto castagno 1:10 + Psn23 T T T C T T T / T . T / /

Estratto castagno 1:50 + Psn23 T T T T T / / / / / / T / / /

Estratto castagno 1:100 + Psn23 T T T T T / T / / / / / T / /

Estratto castagno 1:500 + Psn23 T T T T T / / / T T / [ | PT*| [/ /

NB 1:250 + Psn23 C T T / / / / / /

NB 1:500 + Psn23 T T T / / / / / /

NB 1:100 + Psn23 T T T / / / / / /
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Global Analysis of Type Three Secretion
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Fig 1. Pathogenicity test with Psn23 on oleander explants, following treatment with polyphenolic extracts
VN, TV, FO or FC. Explants from adult oleander plants were inoculated with P. savastanoipv. nerii strain Psn23, in
the presence or absence of the VN, TV, FO or FC extracts (100 uM). As negative control the non pathogenic
mutant AhrpA was used. (A) Development of hyperplastic knots at 21 dpi with (from left to right): Psn23, AhrpA,
Psn23+VN, Psn23+TV, Psn23+FO, Psn23+FC. The symptoms are detectable as swelling at the inoculated end of
oleander explants. (B) Normalized weight increase of oleander explants at 21 dpi inoculated with (from left to right):
Psn23, AhrpA, Psn23+VN, Psn23+TV, Psn23+FO, Psn23+FC. Values are means + SD of nine replicates for each
treatment. Different letters indicate significant differences among means at P < 0.05, according to Tukey’s test.

doi:10.1371/journal.pone.0163357.9001
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Go back to lab!
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Attivita antimicrobica?

Curtobacterium flaccumfaciens pv. flaccumfaciens

Saggio microbiologico in capsula Petri in LB (valutazioni dopo 4 giorni dall’inoculo)

Curtobacterium flaccumfaciens pv. flaccumfaciens

Saggio microbiologico in capsula Petri

MWV V MV N WV NN  [Salice Eucalipto(Tan YC YV BP BPQ IC-
TQ 7| 8 6| 8 8 6 0 0] 0 0] 0 Cff (TQ)
8 9 7| 6.5 8 6 0 0 0 0 0
8| 8 6| 7 7.2] 6 0 0 0 0) 0
7 9 7| 6.7 6.5 6 0 0 0 0 0
7
5 14 a
10EXP-1 0f 5 0Ol(opachi) |(opachi) 0 [y 0 0 0 0
5 14 _ }
0l 5) Of{opachi) |(opachi) 0 g 0 0 0] 0 E
5 la.5 £
0| 6 Ojjopachi) |(opachi) 0 0 o 0 0 0 ';’
5 5.2 =
0l 4 Of{opachi) |(opachi) 0 0 0] 0 0] 0 T
514.5 (opachi)
15 14
10EXP-2 0| Of{opachi) |(opachi) 0| 0l 0l 0 0) 0
5 la bbb b b
CJ 0| (opachi) |(opachi) 0| q| 0| q| 0] [ T I I I I I
0| 0| 0l 0| 0l 0| 0l 0] 0
a g 0| 0 ol q q| 0 0| 0 0 @@ \;Y\.o '\.o.\fa» -\c’-?\ 0‘ <
14 5
| (opachi) |(opachi) “?\
Treatment
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Attivita antimicrobica?

Sinorhizobium meliloti

Saggio microbiologico in capsula Petri in LB (valutazioni dopo 4 giorni dall’inoculo)

Sinorhizobium meliloti

Saggio microbiologico in capsula Petri

WVV [ WYN | WVNN | Salice |Eucalipto] Tan YC Yv BP BPQ C- S. meliloti (TQ)
Q 8 11 8 9 10 0 6 0 0 0 0 '
8 8 8 9 9 0 6 0 0 0 0 _
15
8 9 8 8 6
7 9 8 10 9
8 7 a
7 9 = 10-
10EXP-1 7 8 5 6 7 0 0 0 0 0 0 E
6 6 4 6 5 0 0 0 0 0 0 E,
7 7 4 6 5 o @
6 7 5 7 7 ©
5 5 I 54
6 5
b b b b b
0- T | I I |
3 @ O &0 s
éé‘\g& &AL -t\QQQQO' %)
& PP
00
_ Treatment
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Attivita fitotossica? Erbicida?

On Barley - Treatments:
1:10, 1:50, 1:100 and 1:500 dilutions

Treatment diluition 1:10 \

Control Wood Vinegar Biodea Wood Vinegar Nerabiochar Woodchips Extract

Treatment diluition 1:500

Control Wood Vinegar Biodea Wood Vinegar Nerabiochar Woodchips Extract




Attivita fitotossica? Erbicida?

Concentrazione 1:10 and 1:50 Concentrazione 1:100 and 1:500
10 8
9
8 7
7 6
£ ° . 5 I {
s . Ipocotile | .
3 I 3
2 2
1 - :
0 o o o o o o 0
Control WV NB WCE 5 5 3 5 5 S
Control WV NB WCE
Epicotile 6

(S e

o P N W
cm
N w IS

=

10
50

1 1

dil 1:100 dil 1:500 dil 1:100 dil 1:500 dil 1:100 dil 1:500

dil 1:10
dil 1.50
dil 1:10
dil 1.50

dil 1
dil 1

Control WV NB WCE
Control WV NB WCE
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Attivita fitotossica? Erbicida?

Germinabilita (%)
Pomodoro

C WV 1:300 W 1:600 WV S1:300 S1:600 S1:1000 E1:300 E1:600
1:1000
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Attivita fitotossica? Erbicida?

Lunghezza radici (3 giorni)
Pomodoro

4,5
3,5

2,5

0,5

C WV 1:300 Wv1:600 WV1:1000 S1:300 S1:600 S1:1000 E1:300 E1:600 E1:1000
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Attivita fitotossica? Erbicida?

Lunghezza ipocotile (3 giorni)

35 Pomodoro

2,5

1,5

N S

C wvaL.soo WV 1:600 WV sﬁaoo S1:600 S 1:1000 E1:J800 E1:600 E 1:1000
05 1:1000
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Attivita fitotossica? Erbicida?

e TabacFo var. Burley white
di cippato (Nicotiana tabacum)
di castagno 2 piante per Magenta
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Attivita fitotossica? Erbicida?

Estratto
di cippato
di castagno
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Attivita biostimolante? Corroborante?

Esperimenti su lattuga con stress idrico e salino

Control stress
idrico

‘ castagno 1:100

Stress idrico

Stress salino

Control Fert

Agri

WV

Wéodchips

. stress idrico Algae Biodes Exctract
1:400 1:100
Dry weight - H20 stress condition Lettuce fresh weight
30 20
18
25 16
20 14
12
15 10
8
10 6
4 =0
3 2
0 0
Control - 420 stress WCE 1:100 H20 NB 1:150 H20 WV 1:400 H20 Control - Control - WV 1:400WV 1:400NB 1:150 NB 1:150 WCE WCE
5 stress stress stress H20 Salt H20 Salt H20 Salt 1:100 1:100
10 stress  stress stress  stress  stress  stress H20 Salt
) stress stress
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E cosa accade al suolo?

Treatments:
WV 1:25
 NB1:25
 WCE 1:10
mg/Kg C soluble mg/Kg N soluble
120,00 30,00
100,00 25,00
80,00 20,00
2 E
LE) 60,00 215,00
& Q
[«
40,00 10,00
20,00 5,00
0,00 0,00
CONTROL wv NB WCE CONTROL wv NB WCE
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E cosa accade al suolo?

Analisi elementi solubili nel suolo 12000
, , 100,00
Macronutrienti
80,00
_ Ca(mg/L) Desv K(mg/L) Desv Na(mg/L) Desv P(mg/L) Desv S(mg/L) Desv 60,00
CONTROL 64,04 2,88 38,89 054 13,29 0,24 <001 / 479 0,35 40.00 II I
20,00
wv 66,31 1,92 3923 098 16,85 0,85 <001 / 4,96 0,22 000 .. . IR
NB 81,83 15,80 41,55 1,92 18,64 2,69 <001 / 5,71 0,32 Ca (mg/Kg) K (mg/Kg) Na (mg/Kg) P (mg/Kg) S (mg/Ke)
WCE 85,07 13,99 40,39 359 17,91 1,55 <001 / 5,91 1,00 WCONTROL mWV mNB EWCE
30,00
Micronutrienti 25,00
M 20,00
- B (mg/l) Desv Fe(mg/l) Desv Mg(mg/l) Desv Mn(mgll) Desv (mg(f)L) Desv 15,00
CONTROL 0,99 0,01 404 1,00 21,99 0,52 013 0,01 <0,01 / 10,00
5,00
WV 1,01 0,02 454 047 22,31 0,56 0,19 002 <001 / i- .
0,00 [Nl | — .
NB 1,00 0,06 3,90 142 23,52 073 0,17 003 <001 / B (mg/Kg) Fe (mg/Kg) g (mg/Ke) Mn (mg/Kg) Mo (mg/Kg)
WCE 1,02 0,03 504 045 22,89 2,26 0,16 0,02 <0,01 / WCONTROL mwv. — NE ®WCE
Metalli pesanti
_ As (mg/L) Desv Cd (mg/L) Desv Cr(mg/L) Desv Cu (mg/L) Desv Ni (mg/L) Desv Pb (mg/L) Desv Zn (mg/L) Desv
CONTROL <0,01 / <0,01 / <0,01 / <0,01 / <001 / <0,01 / <0,01 /
wv <0,01 / <0,01 / <001 / 0,05 0,00 <001 / <0,01 / <0,01 /
| NB <0,01 / <0,01 / <001 / 0,04 0,01 <001 / <0,01 ! <0,01 /
WCE <0,01 / <0,01 / <0,01 / <0,01 / <001 / <0,01 / <0,01 /
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E cosa accade al suolo?

Urease Alkaline-phosphatase
0,60 12,00
HPL . 0,50 10,00
ttivita £ i
¥, 0,40 ¥ 8,00
[ [ T -~
enzimatiche 2 :
3 030 Z 5,00
s °
del suolo g o 5 4
= *
0,00 0,00 -
CONTROL WCE CONTROL wv NB WCE
Beta-glucosidase Glycine-aminopeptidase Dehydrogenase
0,80 3,50 2,50
0,70 3,00
< 0,60 200
f‘i’P * £ 2,50 £
. 0,50 inz.oo E" 1,50
2 0,40 z =
S Z 150 z
£ 0.30 [=] ! o 1,00
= ’ E =2
0,20 3 1,00
0,50
0,10 0,50
0,00 0,00 0,00
CONTROL WCE CONTROL WCE CONTROL WCE
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CONCLUSIONI...

2)SI/  attivita fitotossica/erbicida/anti-germinazione
MA specie-specifica

3) SI attivita di «recovery» da stress idrico su peso secco pianta

4) attivita di difesa da patogeni emibiotrofi
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Prospettive future...

1) Verifica attivita antimicrobica «al bruno»
2) Verifica attivita su fisiologia della pianta per trattamenti «al bruno»

2) Ottimizzazione attivita fitotossica / erbicida / anti-germinazione
con verifica della specie-specificita

3) Ottimizzazione in vivaio dell’'uso per «recovery»
da stress idrico e stress..”?

%) Verifica attivita in vivaio su vitalita» e attivita enzimatiche del suolo

5) Ottimizzazione trattamenti sinergici con O3
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