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RIASSUNTO 

I regolamenti europei hanno via via ridotto la quantità di rame metallo utilizzabile durante la 
stagione per la difesa fitosanitaria delle colture, ora fissato a 4 kg/ha/anno (28 kg/ha in 7 anni) 
con la prospettiva di un’ulteriore riduzione nei prossimi anni. Si stanno quindi mettendo a punto 
nuovi formulati rameici capaci di mantenere efficacia e persistenza d’azione a dosi inferiori di 
rame. Questi nuovi prodotti hanno quindi caratteristiche diverse per quanto riguarda il PMoA 
(Physical Mode of Action), che devono essere definite. In questo lavoro è stato caratterizzato un 
prodotto commerciale a base terpenica contenente idrossido di rame nei confronti di 
Plasmopara viticola, agente causale della peronospora della vite. La presenza degli alcoli 
terpenici permette una migliore adesione del prodotto, un incremento della persistenza e 
contemporaneamente una riduzione del rischio di fitotossicità nonché una riduzione della 
componente rameica all’interno del prodotto. Alcuni aspetti del PMoA (in particolare, attività 
preventiva e tenacità) sono stati valutati su piante di Merlot sia in condizioni controllate che di 
pieno campo. Le valutazioni sono state fatte in diverse fasi fenologiche e per due stagioni. I 
risultati ottenuti sono stati utilizzati per calibrare un modello che simula l’efficacia del prodotto 
in vigneto. Il prodotto a base terpenica ha mostrato un’ottima efficacia nel contenere le infezioni 
di peronospora nei giorni successivi al trattamento, denotando in alcuni casi, un’interessante 
capacità di limitare le infezioni anche in tempi lunghi e in differenti condizioni di piovosità, 
come adeguatamente indicato dal modello. 
Parole chiave: peronospora della vite, rame, protezione, modelli previsionali  

SUMMARY 
STUDY OF THE PMoA OF A COPPER FUNGICIDE AND MODELLING ITS 

EFFECTIVENESS TOWARDS PLASMOPARA VITICOLA 
European regulations have gradually reduced the amount of copper that can be used for plant 
protection of crops to the actual 4 kg/ha/year (28 kg/ha in 7 years) and further reductions are 
foreseen. New cupric formulations are therefore being developed with the aim of maintaining 
their efficacy and persistence at lower doses of copper, but with different characteristics 
regarding the PMoA (Physical Mode of Action), which must be defined. In this work, a 
commercial terpene-based product, which contains a reduced dosage of copper, was 
characterized against Plasmopara viticola, the causal agent of grape downy mildew. The 
presence of terpene alcohols increases the adhesion of the product and persistence and reduces 
the risk of phytotoxicity. Some aspects of PMoA (preventive activity and tenacity) were 
evaluated on Merlot plants, under both controlled and field conditions. The assessments were 
performed in three vine growth stages and for two seasons. The results obtained were used to 
calibrate a model to simulate the efficacy of the product in the vineyard. The terpene-based 
product showed excellent efficacy in containing downy mildew infections in the days following 
the treatment, also showing, in some cases, an interesting ability to limit infections even over 
long times and in different rainy conditions, as correctly predicted by the model. 
Keywords: downy mildew, protection, fungicide efficacy dynamic model, physical mode of 
action 

137



�

,1752'8=,21(�
/D� GLUHWWLYD� ���������(&� VXOO¶XVR� VRVWHQLELOH� GHL� SURGRWWL� ILWRVDQLWDUL� KD� UHVR� GL� IDWWR�

REEOLJDWRULD�O¶DSSOLFD]LRQH�GHL�SULQFLSL�GHOOD�GLIHVD�LQWHJUDWD��,30�GDOO¶LQJOHVH�,QWHJUDWHG�3HVW�
0DQDJHPHQW�� VXO� WHUULWRULR� GHOO¶8QLRQH� (XURSHD�� ,Q� FRQIRUPLWj� D� TXHVWL� SULQFLSL�� DJHQWL� GL�
ELRFRQWUROOR��botanicals� H� LQGXWWRUL� GL� UHVLVWHQ]D� VRQR� GL� JUDQGH� LQWHUHVVH� SHU� OH� VWUDWHJLH� GL�
GLIHVD��FRVu�GD�OLPLWDUH�TXDQWR�SL��SRVVLELOH�O¶LPSLHJR�GL�SURGRWWL�GL�RULJLQH�FKLPLFD��,�IXQJLFLGL�
UHVWDQR�� FRPXQTXH�� XQR� VWUXPHQWR� FKLDYH� VLD� QHL� SURJUDPPL� GL� SURGX]LRQH� LQWHJUDWD� FKH�
DJULFROWXUD�ELRORJLFD���
8Q�XVR�VRVWHQLELOH�GHL�IXQJLFLGL�QRQ�SXz�SHUz�SUHVFLQGHUH�GD�XQD�FRQRVFHQ]D�DSSURIRQGLWD�

GHOOH�FDUDWWHULVWLFKH�GHL�IXQJLFLGL�VWHVVL��LQ�SDUWLFRODUH�GHO�0R$��Mode of Action��H�GHO�30R$�
�Physical Mode of Action���,O�0R$�q�XQ�FRQFHWWR�EHQ�FRQRVFLXWR�H�GHILQLVFH�OD�PRGDOLWj��VLWR�H�
PHFFDQLVPR��GL�D]LRQH�GL�XQD�VRVWDQ]D�DWWLYD�QHL�FRQIURQWL�GHJOL�RUJDQLVPL�EHUVDJOLR��,O�30R$�
q�XQ�DVSHWWR�PHQR�QRWR�GHO�0R$��PD�DOWUHWWDQWR�LPSRUWDQWH��,O�30R$��LQIDWWL��GHILQLVFH�WXWWH�
TXHOOH�FDUDWWHULVWLFKH�FKH�LQIOXHQ]DQR�O¶XVR�SUDWLFR�GHO�IXQJLFLGD��,O�30R$�VL�ULIHULVFH�D��L��WLSR�
GL� DWWLYLWj� GHO� IXQJLFLGD� LQ� UHOD]LRQH� DOO¶LQWHUD]LRQL� SLDQWD�SDWRJHQR�� LL�� ORFDOL]]D]LRQH� GHO�
IXQJLFLGD�ULVSHWWR�DOOD�SLDQWD��LLL��GLQDPLFD�QHO�WHPSR�GHO�IXQJLFLGD�VXOOD�VXSHUILFLH�R�QHL�WHVVXWL�
YHJHWDOL�� LY�� HIIHWWR� �GXUDWD� H� JUDGR�GL� DWWLYLWj�� GHO� IXQJLFLGD��/D� FRQRVFHQ]D� DSSURIRQGLWD� H�
GHWWDJOLDWD� GHO� 3K0R$� SHUPHWWH� GL� VIUXWWDUH� DO� PHJOLR� OH� FDUDWWHULVWLFKH� GL� XQ� IRUPXODWR�
FRPPHUFLDOH�FRQVHQWHQGR�LO�VXR�SRVL]LRQDPHQWR�RWWLPDOH�DOO¶LQWHUQR�GL�XQD�VWUDWHJLD�GL�GLIHVD�
LQWHJUDWD�R��SL��LQ�JHQHUDOH��QHOOH�IDVL�IHQRORJLFKH�SHULRGL�GRYH�TXHVWR�q�LQ�JUDGR�GL�IRUQLUH�OD�
SUHVWD]LRQH�LGHDOH��5RVVL�H�&DIIL����������
,� IXQJLFLGL� D� EDVH� UDPHLFD� UDSSUHVHQWDQR� XQ� LPSRUWDQWH� DOOHDWR� QHOOD� ORWWD� QHL� FRQIURQWL�

GHOO¶RRPLFHWH Plasmopara viticola��%��HW�&XUW���%HUO��HW�'H�7RQL�ILQ�GDOOH�SULPH�FRPSDUVH�LQ�
(XURSD� GL� TXHVWD� JUDYH� PDODWWLD� GHOOD� YLWH� �*HVVOHU� HW� DO��� ������� 1RQRVWDQWH� OD� VXFFHVVLYD�
LQWURGX]LRQH�GL�VHPSUH�QXRYL�IXQJLFLGL�RUJDQLFL�GL�VLQWHVL��LO�UDPH�KD�FRQVHUYDWR�LO�SULPDWR�SHU�
OD�GLIHVD�DQWLSHURQRVSRULFD�HG�q�XQ� IXQJLFLGD�DFFHWWDWR�GDOO¶8QLRQH�(XURSHD�SHU� O¶XWLOL]]R� LQ�
DJULFROWXUD� ELRORJLFD�� ,� UHJRODPHQWL� HXURSHL� KDQQR� SHUz� YLD� YLD� ULGRWWR� OD� TXDQWLWj� GL� UDPH�
PHWDOOR�XWLOL]]DELOH�GXUDQWH�OD�VWDJLRQH�SHU�OD�GLIHVD�ILWRVDQLWDULD�GHOOH�FROWXUH��RUD�ILVVDWR�D���
NJ�KD�DQQR�����NJ�KD�LQ���DQQL���/D�SURVSHWWLYD�VHPEUD�DQGDUH�YHUVR�XQ¶XOWHULRUH�ULGX]LRQH�QHL�
SURVVLPL�DQQL�H��GL�FRQVHJXHQ]D��VRQR� LQ�IDVH�GL�VYLOXSSR�QXRYL� IRUPXODWL�FKH�SHUPHWWDQR�GL�
VIUXWWDUH�DO�PHJOLR�OH�FDUDWWHULVWLFKH�GHL�VDOL�GL�UDPH�DQFKH�D�EDVVR�GRVDJJLR� H�GL�DXPHQWDUQH�
O¶DGHVLYLWj� DL� WHVVXWL� YHJHWDOL�� 4XHVWH� LQQRYD]LRQL� PXWDQR� YDUL� DVSHWWL� GHO� 30R$� ULVSHWWR� DL�
SURGRWWL�WUDGL]LRQDOL��DVSHWWL�FKH��TXLQGL��GHYRQR�HVVHUH�ULFRQVLGHUDWL���
,Q�TXHVWD�SURYD�VRQR�VWDWH�YDOXWDWH�OH�YDULD]LRQL�GL�30R$�GHO�IRUPXODWR�FRPPHUFLDOH�D�EDVH�

GL�UDPH�+HOLRFXLYUH�6���GD�TXL�VHPSOLFHPHQWH�GHQRPLQDWR�+HOLRFXLYUH��GHWHQXWR�GD�%LRJDUG���
'LYLVLRQH� GL� &%&� �(XURSH��QHL� FRQIURQWL� GL� Plasmopara viticola�� 4XHVWR� SURGRWWR� q� VWDWR�
VHOH]LRQDWR�SHU�OD�VXD�SDUWLFRODUH�IRUPXOD]LRQH��RYYHUR�O
DJJLXQWD�GL�DOFROL�WHUSHQLFL�RWWHQXWL�GD�
UHVLQH� HVWUDWWH� GDO� OHJQR� GL� FRQLIHUH�� VWXGLDWD� SHU� PLJOLRUDUH� O
DGHVLYLWj� H� OD� SHUVLVWHQ]D� GHO�
SURGRWWR��ULGXFHQGR�QHO�FRQWHPSR�OD�FRPSRQHQWH�UDPHLFD�DOO¶LQWHUQR�GHO�SURGRWWR��SDUL�D�������
J�/�GL�&X�PHWDOOR��H�L�ULVFKL�GL�ILWRWRVVLFLWj��4XHVWR�SURGRWWR�q�FODVVLILFDWR�FRPH�IXQJLFLGD�D�EDVH�
WHUSHQLFD�FRQWHQHQWH�LGURVVLGR�GL�UDPH���
�

0$7(5,$/,�(�0(72',�
1HOOH�VWDJLRQL�YHJHWDWLYH������H�������SLDQWH�GL�Vitis vinifera YDULHWj�0HUORW��VHQVLELOH�DOOD�

SHURQRVSRUD�� DOOHYDWH� LQ� YDVR� H� SURWHWWH� GDOOD� SLRJJLD� GD� XQD� WHWWRLD� SUHVVR� LO� FDPSXV�
GHOO¶8QLYHUVLWj� &DWWROLFD� GHO� 6DFUR� &XRUH� �3LDFHQ]D��� VRQR� VWDWH� VXGGLYLVH� LQ� WUH� SDUFHOOH�
RPRJHQHH�FRPSOHWDPHQWH�UDQGRPL]]DWH��/H�SDUFHOOH�VRQR�VWDWH�WUDWWDWH�XWLOL]]DQGR�LO�SURGRWWR�
+HOLRFXLYUH�DOOD�GRVH�GL�HWLFKHWWD��GLVWULEXLWR�FRQ�XQD�SRPSD�VSDOOHJJLDWD�PDQXDOH�H�D�YROXPH�
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QRUPDOH� ILQR�D� VJRFFLRODPHQWR�� LQ�GLYHUVH� IDVL� IHQRORJLFKH��GHVFULWWH�FRPH�VHJXH�VHFRQGR� OD�
VFDOD�%%&+��/RUHQ]�HW�DO����������L��%%&+�����³JUDSSROLQL�YLVLELOL´���LL��%%&+�����³ILRULWXUD´���
LLL�� %%&+� ��� �³LQYDLDWXUD´��� $OWUHWWDQWH� SDUFHOOH� UDQGRPL]]DWH� VRQR� VWDWH� XWLOL]]DWH� FRPH�
WHVWLPRQH�QRQ�WUDWWDWR��
$������������H����JLRUQL�GRSR�RJQL�WUDWWDPHQWR�VRQR�VWDWH�SUHOHYDWH��LQ�PRGR�FDVXDOH�����IRJOLH�

GD�HQWUDPEH�OH�WHVL��WUDWWDWR�H�WHVWLPRQH���,O�PDWHULDOH�YHJHWDOH�FDPSLRQDWR�q�VWDWR�XWLOL]]DWR�SHU�
RWWHQHUH����GLVFKL� IRJOLDUL� ����PP����FKH�VRQR�VWDWL�FROORFDWL�FRQ� OD�SDJLQD� LQIHULRUH� ULYROWD�
YHUVR�O¶DOWR�LQ�FDPHUD�XPLGD��LQRFXODWL�FRQ�XQD�VRVSHQVLRQH�QRWD�GL�VSRUDQJL�GL�P. viticola����
JRFFH� GD� ����/� FRQ� XQD� FRQFHQWUD]LRQH� SDUL� D� ���� VSRUDQJL�P/�� H� LPPHGLDWDPHQWH� SRVWL� D�
LQFXEDUH�D����&��IRWRSHULRGR�GL����RUH��SHU���JLRUQL��$O�WHUPLQH�GHO�SHULRGR�GL�LQFXED]LRQH�L�
GLVFKL� IRJOLDUL� VRQR� VWDWL� DWWHQWDPHQWH� RVVHUYDWL� SHU� FRQWDUH� LO� QXPHUR� GHL� VLWL� G¶LQIH]LRQH�
VSRUXODQWL�� ,O� UDSSRUWR� WUD� L� VLWL� G¶LQIH]LRQH� WRWDOL� H� TXHOOL� VSRUXODQWL� KD� SHUPHVVR�GL� RWWHQHUH�
O¶LQFLGHQ]D�GL�LQIH]LRQH�H�GL�FDOFRODUH�O¶HIILFDFLD�GHO�WUDWWDPHQWR�XWLOL]]DQGR�OD�IRUPXOD�GL�$EERWW�
�������� ,� YDORUL� GL� LQFLGHQ]D� VRQR� VWDWL� FRQYHUWLWL� FRQ� OD� IXQ]LRQH� DUFRVHQR� SULPD� GL� HVVHUH�
VRWWRSRVWL� DG� DQDOLVL� GHOOD� YDULDQ]D� �$QRYD�� D� XQD� YLD� SHU� YDOXWDUH� OD� SUHVHQ]D� GL� HYHQWXDOL�
GLIIHUHQ]H� WUD� OH� PHGLH� GHL� IDWWRUL� ³WUDWWDPHQWR´�� ³JLRUQL� GDO� WUDWWDPHQWR´� H� ³IHQRORJLD´��
FRQVLGHUDWL�FRPH�IDWWRUL�ILVVL��LO�IDWWRUH�DQQR�q�VWDWR�FRQVLGHUDWR�FRPH�UHSOLFD��GDWR�FKH�QRQ�q�
ULVXOWDWR�VLJQLILFDWLYR�LQ�XQ¶DQDOLVL�SUHOLPLQDUH��,O�WHVW�/HDVW�6LJQLILFDWLYH�'LIIHUHQFHV��/6'��q�
VWDWR�XWLOL]]DWR�SHU�VHSDUDUH�OH�PHGLH�FRQ�Į� ��������
1HO� ����� H�������+HOLRFXLYUH� q� VWDWR� DSSOLFDWR� DQFKH� LQ� FRQGL]LRQL� GL� SLHQR� FDPSR� LQ� XQ�

YLJQHWR��YDULHWj�0HUORW��VLWR�SUHVVR�O¶D]LHQGD�5HV�8YDH��&DVWHOO¶$UTXDWR��3&���H�FRQIURQWDWR�FRQ�
XQ�WHVWLPRQH�QRQ�WUDWWDWR��,�WUDWWDPHQWL�VRQR�VWDWL�HIIHWWXDWL�FRQ�O¶DWWUH]]DWXUD�D]LHQGDOH�VX�XQD�
VXSHUILFLH�GL�FLUFD���KD��QHOOH�WUH�IDVL�IHQRORJLFKH�LQGLFDWH�LQ�SUHFHGHQ]D��DOOD�GRVH�GL�HWLFKHWWD��
'RSR� ��� ��� ��� �� H� ��� JLRUQL� GD� FLDVFXQ� WUDWWDPHQWR�� DOFXQH� IRJOLH� VRQR� VWDWH� FDPSLRQDWH�
FDVXDOPHQWH� DOO¶LQWHUQR� GHOO¶DSSH]]DPHQWR� WUDWWDWR�� SRUWDWH� LQ� ODERUDWRULR� H� LQRFXODWH� FRQ�P. 
viticola�FRPH�GHVFULWWR�LQ�SUHFHGHQ]D��FRVu�GD�TXDQWLILFDUH�OD�UHDOH�HIILFDFLD�GHO�IXQJLFLGD�QHOOH�
FRQGL]LRQL�GHO�YLJQHWR��DO�PRPHQWR�GHO�SUHOLHYR�GHOOH�IRJOLH���
,�GDWL�RWWHQXWL�FRQ�OH�SURYH�LQ�DPELHQWH�FRQWUROODWR�H�LQ�FDPSR�VRQR�VWDWL�LPSLHJDWL�SHU�FDOLEUDUH�

LO�PRGHOOR�SHU�OD�SHUVLVWHQ]D�G¶D]LRQH�GHL�IXQJLFLGL�UHFHQWHPHQWH�SXEEOLFDWR�GD�&DIIL�H�5RVVL�
�������H�XWLOL]]DWR�QHO�VLVWHPD�GL�VXSSRUWR�DOOH�GHFLVLRQL�YLWH�QHW��GL�+RUWD��5RVVL�HW�DO�������D��
E��ZZZ�KRUWD�VUO�LW�SRUWIROLR�LWHP�YLWH�QHW����4XHVWR�PRGHOOR� SHUPHWWH� GL� VWLPDUH�� JLRUQR� SHU�
JLRUQR��O¶HIILFDFLD�UHVLGXD�GHOO¶XOWLPR�WUDWWDPHQWR�HIIHWWXDWR�LQ�EDVH�DO�SURGRWWR�XWLOL]]DWR��DOOD�
VXD�GRVH��DOO¶DQGDPHQWR�PHWHRURORJLFR�H�DOOR�VYLOXSSR�GHOOD�FKLRPD�GL�YLWH��,O�PRGHOOR�q�VWDWR�
LQ�SUHFHGHQ]D�FDOLEUDWR�SHU�SURGRWWL�D�EDVH�GL� LGURVVLGR�H�RVVLFORUXUR�GL� UDPH��&DIIL� H�5RVVL��
�������,O�PRGHOOR�FDOFROD�O¶HIILFDFLD�UHVLGXD�VHFRQGR�OD�IRUPXOD���
(IW� �()���������Į�î�H[S��ȕ�î��W�����5DLQ�î�3���5�����%W���%�����%�����
GRYH� ()W�  � HIILFDFLD� GHO� IXQJLFLGD� DO� WHPSR� W� GRSR� O¶DSSOLFD]LRQH�� ()��  � HIILFDFLD� GHO�

IXQJLFLGD� DO� PRPHQWR� GHOO¶DSSOLFD]LRQH�� Į�  � IDWWRUH� GL� WHQDFLWj�� ȕ�  � WDVVR� GL� ULGX]LRQH�
GHOO¶HIILFDFLD�� Ȉ5DLQ�  � VRPPDWRULD� GHOOH� SLRJJH� GDO� PRPHQWR� GHOO¶DSSOLFD]LRQH� DO� WHPSR� W�
�PP���3� �SHUVLVWHQ]D�GHO�IXQJLFLGD�LQ�DVVHQ]D�GL�SLRJJLD��LQ�JLRUQL���5� �TXDQWLWj�GL�SLRJJLD�
FKH�FDXVD�LO�FRPSOHWR�GLODYDPHQWR�GHO�IXQJLFLGD��LQ�PP���%�� �ELRPDVVD�YHJHWDOH�DO�PRPHQWR�
GHOO¶DSSOLFD]LRQH��%W� �ELRPDVVD�YHJHWDOH�DO�WHPSR�W��DQG�%� �DXPHQWR�GL�ELRPDVVD�YHJHWDOH�FKH�
FDXVD�OD�FRPSOHWD�SHUGLWD�GL�HIILFDFLD�GHO�IXQJLFLGD��&DIIL�H�5RVVL���������,Q�SDUWLFRODUH��L�GDWL�
GHJOL� HVSHULPHQWL� FRQGRWWL� LQ� YDVR� VRQR� VWDL� XWLOL]]DWL� SHU� SDUDPHWUL]]DUH� ȕ�� PHQWUH� SHU� OD�
SDUDPHWUL]]D]LRQH�GL�Į�VRQR�VWDWL�XVDWL�L�GDWL�GL�FDPSR���
,�GDWL�GL�FDPSR�VRQR�VWDWL�DQFKH�XWLOL]]DWL�SHU�FRQIURQWDUH�O¶HIILFDFLD�VLPXODWD�GDO�PRGHOOR�FRQ�

TXHOOD�RVVHUYDWD�LQ�YLJQHWR��FRVu�GD�YDOXWDUH�O¶DWWHQGLELOLWj�GHO�PRGHOOR�FDOLEUDWR�SHU�+HOLRFXLYUH�
H�FRQIURQWDUOR�FRQ�LO�PRGHOOR�FDOLEUDWR�SHU�O¶LGURVVLGR�GL�UDPH���
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1HOOH�SURYH�LQ�YDVR��OD�WHVL�WUDWWDWD�FRQ�+HOLRFXLYUH�KD�VHPSUH�PRVWUDWR�GLIIHUHQ]H�VLJQLILFDWLYH�
�3�����������ULVSHWWR�DO�WHVWLPRQH�QRQ�WUDWWDWR�LQ�WHUPLQL�GL�LQFLGHQ]D�GL�PDODWWLD��/¶LQFLGHQ]D�q�
ULVXOWDWD�GLYHUVD�QHL�JLRUQL�GDO�WUDWWDPHQWR�H�QHOOH�WUH�IDVL�IHQRORJLFKH��3������������/¶LQWHUD]LRQH�
WHVL�u� IDVH� IHQRORJLFD�QRQ� KD� HYLGHQ]LDWR�GLIIHUHQ]H� VLJQLILFDWLYH� �3� �������� LQGLFDQGR�FKH�
O¶LQFLGHQ]D�GHOOH�LQIH]LRQL�GL�P. viticola�QHOOH�GXH�WHVL�KD�PRVWUDWR�XQ�FRPSRUWDPHQWR�VLPLOH�QHL�
WUH�SHULRGL�IHQRORJLFL��SHU�HQWUDPEL�JOL�DQQL�LQ�FXL�q�VWDWD�ULSHWXWD�OD�SURYD��/H�DOWUH�LQWHUD]LRQL�
WUD�L�IDWWRUL�DQDOL]]DWL�VRQR�ULVXOWDWH�VLJQLILFDWLYH�SHU�3�����������WHVL�î�JLRUQL�H�JLRUQL�î�IDVH�
IHQRORJLFD��R�SHU�3� ��������WHVL�î�IDVH�IHQRORJLFD�î�JLRUQL����
1HOOH� SURYH� GL� FDPSR�� O¶LQFLGHQ]D� GHOOD�PDODWWLD� QHL� WUH� SHULRGL� IHQRORJLFL� GHL� GXH� DQQL� q�

ULVXOWDWD�PROWR�HOHYDWD�VXO�WHVWLPRQH�QRQ�WUDWWDWR��WUD�LO����H�LO������PHQWUH�VXOOD�WHVL�WUDWWDWD�FRQ�
+HOLRFXLYUH�q�ULVXOWDWD�VLJQLILFDWLYDPHQWH�SL��EDVVD��FRQ�XQD�PHGLD�LQIHULRUH�DO������ILJXUD�����
/¶HIILFDFLD�GHO�WUDWWDPHQWR�q�ULVXOWDWD�YDULDELOH�WUD�LO����H�LO������FRQ�XQ¶HIILFDFLD�PHGLD�SDUL�DO�
����FRQVLGHUDQGR�L�SULPL���JLRUQL�GRSR�LO�WUDWWDPHQWR��/H�SLRJJH�UHJLVWUDWH�LQ�YLJQHWR�GXUDQWH�L�
SULPL���JLRUQL�GRSR�FLDVFXQ�WUDWWDPHQWR�QHOOH�WUH�IDVL�IHQRORJLFKH�VRQR�ULVXOWDWH�YDULDELOL�GD�����
D����PP��
�
)LJXUD����,QFLGHQ]D�PHGLD�GL�Plasmopara viticola�LQ�GLYHUVH�IDVL�IHQRORJLFKH�GHOOH�GXH�VWDJLRQL�
GL�YDOLGD]LRQH��ILQR�D���JLRUQL�GRSR�LO�WUDWWDPHQWR��RVVHUYDWD�QHO�YLJQHWR�GL�0HUORW�H�QHO�WHVWLPRQH�
QRQ� WUDWWDWR�GHOO¶D]LHQGD�5HV�8YDH��/H�EDUUH� VL� ULIHULVFRQR� DO� WHVWLPRQH� �JULJLR�� H� DO� WUDWWDWR�
�ELDQFR��QHOOH�GLYHUVH�IDVL�IHQRORJLFKH�FRQVLGHUDWH��L��DOOXQJDPHQWR�GHL�JHUPRJOL��LL��ILRULWXUD�H�
LLL��LQYDLDWXUD�H�OD�ORUR�PHGLD�FRPSOHVVLYD��/H�EDUUH�UDSSUHVHQWDQR�LO�GDWR�PHGLR�GHL�GXH�DQQL��,�
EDIIL�UDSSUHVHQWDQR�O¶HUURUH�VWDQGDUG�GHOOH�SURYH�
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,O�PRGHOOR�FDOLEUDWR�SHU�+HOLRFXLYUH�VL�q�PRVWUDWR�PROWR�DGHUHQWH�DOOD�UHDOWj��OLQHD�SLHQD�LQ�

ILJXUD����H�DOOH�VSHFLILFKH�FDUDWWHULVWLFKH�GHO�IRUPXODWR�ULVSHWWR�DO�PRGHOOR�SHU�JOL�LGURVVLGL�GL�
UDPH��OLQHD�WUDWWHJJLDWD�LQ�ILJXUD�����,Q�SDUWLFRODUH��LO�FRHIILFLHQWH�GL�GHWHUPLQD]LRQH��5���GHOOD�
UHWWD�GL�UHJUHVVLRQH�QHO�FRQIURQWR�GDWL�RVVHUYDWL�YV�GDWL�DWWHVL��VLPXODWL�GDO�PRGHOOR��q�PLJOLRUDWR��
SDVVDQGR�GD������SHU�LO�PRGHOOR�JHQHUDOH�SHU�JOL�LGURVVLGL�GL�UDPH�D������SHU�LO�PRGHOOR�FDOLEUDWR��
/D� VLPXOD]LRQH� GHOOD� GLQDPLFD� GL� SURWH]LRQH� IRUQLWD� GDO� IXQJLFLGD� q� ULVXOWDWD� TXLQGL� PROWR�
DFFXUDWD� VLD� LQ� DVVHQ]D� GL� SLRJJH�� TXDQGR� OH� FXUYH� GHL� GXH� PRGHOOL� WHVWDWL� �+HOLRFXLYUH� H�
LGURVVLGR��VL�VRQR�VRYUDSSRVWH�VHQ]D�DSSUH]]DELOL�GLIIHUHQ]H��IDVH�%%&+�����)LJXUD����FKH�LQ�
SUHVHQ]D�GL�SLRJJH��TXDQGR�LO�PRGHOOR�FDOLEUDWR�KD�EHQ�HYLGHQ]LDWR�OD�PDJJLRUH�UHVLVWHQ]D�DO�
GLODYDPHQWR�GL�+HOLRFXLYUH��ILJXUD�����IDVL�%%&+����H������
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)LJXUD����9DOLGD]LRQH�GHO�PRGHOOR�GL�HIILFDFLD�GHO�IRUPXODWR�+HOLRFXLYUH��,�JUDILFL�PRVWUDQR�WUH�
HVHPSL�UDSSUHVHQWDWLYL�� LQ�GLYHUVH�IDVL�IHQRORJLFKH�GHO�������%%&+����H�����H�������%%&+�
�����L�SXQWL�UDSSUHVHQWDQR�L�GDWL�RVVHUYDWL��OH�EDUUH�JULJLH�OH�SLRJJH��OD�OLQHD�WUDWWHJJLDWD�O¶HIILFDFLD�
VLPXODWD�GDO�PRGHOOR�JHQHUDOH�SHU�JOL�LGURVVLGL�GL�UDPH��&DIIL�H�5RVVL���������OD�OLQHD�FRQWLQXD�
LO�PRGHOOR�FDOLEUDWR�SHU�+HOLRFXLYUH��,Q�SDUWLFRODUH��LQ�IDVH�%%&+�����LQ�DVVHQ]D�GL�SLRJJH��OH�
FXUYH�GHL�GXH�PRGHOOL�VL�VRYUDSSRQJRQR�SHU�O¶LQWHUR�SHULRGR�GL�RVVHUYD]LRQH�
�

� �
�

�
',6&866,21(�(�&21&/86,21,��

/D�VSHULPHQWD]LRQH�KD�SHUPHVVR�OD�FDUDWWHUL]]D]LRQH�GHO�30R$�GHO�SUHSDUDWR�FRPPHUFLDOH�
+HOLRFXLYUH��FDUDWWHUL]]DWR�GDOOD�SUHVHQ]D�GHJOL�DOFROL�WHUSHQLFL�FKH�PLJOLRUDQR�O
DGHVLYLWj�H�OD�
SHUVLVWHQ]D�GHO�SURGRWWR�ULVSHWWR�DL�SL��WUDGL]LRQDOL�IXQJLFLGL�D�EDVH�GL�VDOL�GL�UDPH��,O�SURGRWWR�
KD�GLPRVWUDWR�XQ¶HOHYDWD�DWWLYLWj�DQWLSHURQRVSRULFD�DOOD�GRVH�LPSLHJDWD��SURWHJJHQGR�L� WHVVXWL�
YHJHWDOL�GDOO¶LQIH]LRQH�GD�SDUWH�GL�P. viticola�H�DXPHQWDQGR�OD�VRJOLD�DO�GLODYDPHQWR�ULVSHWWR�D�
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TXDQWR�LQGLYLGXDWR�LQ�DOWUH�VSHULPHQWD]LRQL�UHDOL]]DWH�VXOOD�GLYDODELOLWj�H�O¶HIILFDFLD�GHL�SURGRWWL�
UDPHLFL��3HOOHJULQL�HW�DO���������&DIIL�H�5RVVL����������
*OL�VWXGL�VXO�30R$�FRQVHQWRQR�GL�HYLGHQ]LDUH�OH�FDUDWWHULVWLFKH�H�L�SUHJL�GL�XQ�SURGRWWR�H��DO�

FRQWHPSR��L�OLPLWL��1H�ULVXOWD�OD�SRVVLELOLWj�GL�XWLOL]]DUH�DO�PHJOLR�LO�SURGRWWR��LPSLHJDQGROR�QHL�
SHULRGL�LQ�FXL�PHJOLR�HVSULPH�OH�SURSULH�SRWHQ]LDOLWj��RWWLPL]]DQGR�FRVu�OD�SURWH]LRQH��4XDORUD�
TXHVWH� LQIRUPD]LRQL� IRVVHUR� GLVSRQLELOL� SHU� WXWWL� L� SURGRWWL� VDUHEEH� SRVVLELOH� FRVWUXLUH� GHOOH�
VWUDWHJLH�GL�GLIHVD�LQWHJUDWD�VHPSUH�SL��VRVWHQLELOL�H�GDL�ULVXOWDWL�SL��VLFXUL��,�GDWL�UDFFROWL�LQ�SURYH�
GL� 30R$� SHUPHWWRQR� DQFKH� GL� FDOLEUDUH� PRGHOOL� VXOO¶HIILFDFLD� GHL� IXQJLFLGL�� FRPH� TXHOOR�
SURSRVWR�GD�&DIIL�H�5RVVL���������D�FLDVFXQ�VLQJROR�IRUPXODWR�FRPPHUFLDOH��,O�ULVXOWDWR�SUDWLFR�
SL��LPPHGLDWR�q�TXHOOR�GL�IRUQLUH�LQIRUPD]LRQL�SUHFLVH��WHPSHVWLYH�H�SXQWXDOL�DJOL�DJULFROWRUL�H��
LQ�JHQHUDOH��DJOL�RSHUDWRUL�UHVSRQVDELOL�GHO�SURFHVVR�GHFLVLRQDOH�SHU�O¶HVHFX]LRQH�GHL�WUDWWDPHQWL�
GL� GLIHVD�� ,QIDWWL�� VHFRQGR�5RVVL� HW� DO�� ������ H�������� OH� GHFLVLRQL� WDWWLFKH� FLUFD� VH� H� TXDQGR�
HVHJXLUH�XQ�WUDWWDPHQWR�SHU�OD�SURWH]LRQH�GHOOH�FROWXUH�GLSHQGRQR�GD�DOFXQL�IDWWRUL�GL�ULVFKLR��L��
LO�ULVFKLR�GL�LQIH]LRQH��FKH�SXz�HVVHUH�LQGLFDWR�GD�XQ�PRGHOOR�HSLGHPLRORJLFR���LL��OD�VXVFHWWLELOLWj�
IHQRORJLFD� GHOOD� FROWXUD� �FKH� SXz� SXUH� HVVHUH� LQGLFDWD� GD�PRGHOOL� GL� FUHVFLWD� GHOOD� FROWXUD� R�
YDOXWDWD� LQ� FDPSR��� H� LLL�� GDOO¶HIILFDFLD� UHVLGXD� GHO� SUHFHGHQWH� WUDWWDPHQWR� �FKH� SXz� HVVHUH�
VWLPDWD�GD�XQ�PRGHOOR�FRPH�TXHOOR�GLVFXVVR�LQ�TXHVWR�ODYRUR�����
�
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