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6RQR�VWDWH�VYROWH�QHO������H������SURYH�GL�FDPSR�DO�ILQH�GL�YDOXWDUH�O¶HIILFDFLD�H�OD�SHUVLVWHQ]D�
GHOO¶RVVLFORUXUR� GL� UDPH� LQ� PLVFHOD� FRQ� XQ� QXRYR� DGLXYDQWH� QDWXUDOH� �366��� GHULYDWR� GD�
FDUUXEH�GL�Ceratonia siliqua�SHU�LO�FRQWHQLPHQWR�GHOOD�SHURQRVSRUD�GHOOD�YLWH��/¶RVVLFORUXUR�GL�
UDPH�q� VWDWR�DSSOLFDWR�RJQL���H����JLRUQL�PLVFHODWR�R�PHQR�FRQ� O¶DGLXYDQWH�� LO�TXDOH�q� VWDWR�
DQFKH� GD� VROR�� 3HU� YDOXWDUH� OD� GLVWULEX]LRQH� GHO� UDPH� VXOOD� SLDQWD�� VRQR� VWDWH� FRQGRWWH�
RVVHUYD]LRQL�DO�PLFURVFRSLR�HOHWWURQLFR�D�VFDQVLRQH��6(0���366�GD�VROR�QRQ�KD�LQIOXHQ]DWR�OR�
VYLOXSSR�GHOOD�PDODWWLD��PHQWUH�KD�DXPHQWDWR�VLJQLILFDWLYDPHQWH�O¶HIILFDFLD�H�OD�SHUVLVWHQ]D�GHO�
UDPH�VX�IRJOLH�H�JUDSSROL��6XL�JUDSSROL��D�LQWHUYDOOL�GL����JLRUQL��O¶HIILFDFLD�VXOO¶LQFLGHQ]D�GHO�
UDPH�SL��366�HUD�FLUFD�LO������PHQWUH�O¶HIILFDFLD�VXOOD�JUDYLWj�HUD�ULVSHWWLYDPHQWH�GHO������H�
GHO� ������ SHU� O¶DQQR� ����� H� ������ PHQWUH� VHQ]D� 366� O¶HIILFDFLD� HUD� VLJQLILFDWLYDPHQWH�
LQIHULRUH��/¶DQDOLVL�DO�6(0�KD�GLPRVWUDWR�FKH�OH�SDUWLFHOOH�GL�UDPH��PHVFRODWH�FRQ�366��HUDQR�
DQFRUD� XQLIRUPHPHQWH� GLVWULEXLWH� VXOOH� IRJOLH� GRSR� ��� JLRUQL� GDOO¶DSSOLFD]LRQH�� PHQWUH�
DSSOLFDWH� GD� VROH� GRSR� �� JLRUQL� VRQR� ULVXOWDWH� PHQR� GLVSHUVH� H� FRQ� XQD� FRQFHQWUD]LRQH�
LQIHULRUH��/¶XVR�GHOO¶DGLXYDQWH�KD�ULGRWWR�OD�TXDQWLWj�DQQXDOH�GL�UDPH�GD�����NJ�KD��UDPH�RJQL���
JLRUQL��D�����NJ�KD��RJQL����JLRUQL�PHVFRODWR�D�366���
3DUROH�FKLDYH��DGHVLYDQWH�ELRGHJUDGDELOH��SHURQRVSRUD��YLWH��DQDOLVL�DO�6(0��FDUUXEH�
�

6800$5<�
(9$/8$7,21�2)�$�1(:�1$785$/�32/<6$&&+$5,',&�%$6('�$'-89$17�72�
5('8&(�7+(�$02817�2)�&233(5�,1�7+(�&21752/�2)�PLASMOPARA VITICOLA�
7ZR�ILHOG�WULDOV�������DQG�������ZHUH�FDUULHG�RXW�ZLWK�WKH�DLP�WR�HYDOXDWH�WKH�HIILFDF\�DQG�WKH�
SHUVLVWHQFH� RI� FRSSHU� R[\FKORULGH� WR� FRQWURO� GRZQ\�PLOGHZ�RI� JUDSHYLQH� LQ�PL[WXUH�ZLWK� D�
QHZ� QDWXUDO� DGMXYDQW� �366��� GHULYHG� IURP� ORFXVW� EHDQ� �Ceratonia siliqua�� JXP�� &RSSHU�
R[\FKORULGH�ZDV�DSSOLHG�HYHU\���DQG����GD\V�PL[HG�RU�QRW�ZLWK� 366��366�ZDV�DOVR�DSSOLHG�
DORQH�� 7R� HYDOXDWH� WKH� GLVWULEXWLRQ� RI� FRSSHU� RQ� OHDYHV�� REVHUYDWLRQV� E\� VFDQQLQJ� HOHFWURQ�
PLFURVFRSH��6(0��ZHUH�PDGH��366�DORQH�GLG�QRW� LQIOXHQFH� WKH�GHYHORSPHQW�RI� WKH�GLVHDVH��
ZKLOH� VLJQLILFDQWO\� LQFUHDVHG� HIILFDF\� DQG� SHUVLVWHQFH� RI� FRSSHU� R[\FKORULGH� ERWK� RQ� OHDYHV�
DQG� EXQFKHV��2Q� EXQFKHV�� DW� ���GD\� LQWHUYDOV�� HIILFDF\� RQ� LQFLGHQFH� RI� FRSSHU� R[\FKORULGH�
SOXV�ORFXVW�EHDQ�JXP�ZDV�DERXW�����ZKLOH�HIILFDF\�RQ�VHYHULW\�ZDV������DQG�������IRU�WKH�
\HDU������DQG�������UHVSHFWLYHO\��ZKLOH�QR�ORFXVW�EHDQ�JXP�HIILFDF\�ZDV�VLJQLILFDQWO\�ORZHU��
7KH�6(0�DQDO\VLV�GHPRQVWUDWHG�WKDW�FRSSHU�IXQJLFLGH�SDUWLFOHV��ZKHQ�PL[HG�ZLWK�ORFXVW�EHDQ�
JXP��ZHUH�VWLOO�XQLIRUPO\�GLVWULEXWHG�RQ�OHDYHV�DIWHU����GD\V�IURP�DSSOLFDWLRQ��EXW�LI�DSSOLHG�
DORQH��DIWHU���GD\V�WKH\�ZHUH�OHVV�GLVSHUVHG�DQG�ZLWK�D�ORZHU�FRQFHQWUDWLRQ��7KH�XVH�RI�ORFXVW�
EHDQ� JXP� UHGXFHG� WKH� DQQXDO� DPRXQW� RI� FRSSHU� LQ� LQWHJUDWHG� FXOWLYDWLRQV� IURP� ���� NJ�KD�
DSSO\LQJ� FRSSHU� R[\FKORULGH� HYHU\� �� GD\V� WR� ���� NJ�KD� ZKHQ� DSSOLHG� HYHU\� ��� GD\V�PL[HG�
ZLWK�366��
.H\ZRUGV��ELRGHJUDGDEOH�VWLFNHU��GRZQ\�PLOGHZ��JUDSHYLQH��6(0�DQDO\VLV��ORFXVW�EHDQ�
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,O�UDPH�q�LPSLHJDWR�QHOOD�GLIHVD�ILWRVDQLWDULD�GL�PROWHSOLFL�FROWXUH�DJUDULH�D�FDXVD�GHOOD�VXD�

DWWLYLWj� IXQJLFLGD� H� EDWWHULFLGD�� /¶LPSLHJR� GL� TXHVWR�PHWDOOR� SHVDQWH� VL� DFFRPSDJQD� FRQ� XQ�
FRVWDQWH� DFFXPXOR� QHO� VXROR� DJUDULR� FKH� VWD� JHQHUDQGR� SUREOHPL� GL� LPSDWWR� DPELHQWDOH�� 9D�
FRQVLGHUDWR�FKH�IUD� WXWWL� L� VHWWRUL�SURGXWWLYL�� OD�YLWLFROWXUD�� LQ�PRGR�VSHFLDOH�TXHOOD�ELRORJLFD��
SHU� GLIIXVLRQH� H� VXSHUILFLH� LQYHVWLWD� QHFHVVLWD� GL� TXDQWLWj� FRQVLVWHQWL� GL� UDPH� SHU� LO�
FRQWHQLPHQWR� GHOOD� SHURQRVSRUD�� FDXVDWD� GDOO¶RRPLFHWH�Plasmopara viticola� �%HUN��	�0�$��
&XUWLV�� %HUO�� 	�'H� 7RQL� ������ $OOR� VWDWR� DWWXDOH� QRQ� VRQR� GLVSRQLELOL� VXO� PHUFDWR� SULQFLSL�
DWWLYL�DOWHUQDWLYL�DO�UDPH�LQ�JUDGR�GL�FRQWHQHUH�OD�PDODWWLD�FRQ�OD�VWHVVD�HIILFDFLD��,Q�DQQDWH�GL�
HOHYDWD� SUHVVLRQH� HSLGHPLFD� GD� SDUWH� GHOO¶RRPLFHWH� VL� SXz� GHWHUPLQDUH�� VH� QRQ� FRQWHQXWR�
WHPSHVWLYDPHQWH�� OD� WRWDOH�FRPSURPLVVLRQH�SHUGLWD�GHOOD�SURGX]LRQH�� ,O�QXPHUR�H� O¶LQWHUYDOOR�
GHOOH� DSSOLFD]LRQL� GL� UDPH� GLSHQGRQR� GDOOD� IDVH� IHQRORJLFD�� GDO� ULVFKLR� GL� LQIH]LRQH�� GDOOD�
SUHVVLRQH� GHOOD� PDODWWLD� H� GDOOD� TXDOLWj� GHOOD� GLVWULEX]LRQH� VXOOH� IRJOLH�� )RUPXOD]LRQH� H�
DGLXYDQWL�SRWUHEEHUR�VYROJHUH�XQ�UXROR�LPSRUWDQWH�QHO�PLJOLRUDUH�OD�ELRGLVSRQLELOLWj�H�UHJRODUH�
OD� IUHTXHQ]D� GL� DSSOLFD]LRQH� �6WHYHQV�� ������� /¶DJJLXQWD� GL� XQ� DGLXYDQWH� DSSURSULDWR� DG� XQ�
IXQJLFLGD�IRJOLDUH�SXz�PLJOLRUDUQH�VLJQLILFDWLYDPHQWH�OD�FRSHUWXUD��O¶DVVRUELPHQWR��O¶HIILFDFLD�
H�SXz�ULGXUUH� OD�TXDQWLWj�WRWDOH�DSSOLFDWD�D�VWDJLRQH��&RDGLXYDQWL�DQWLSDUDVVLWDUL�VRQR�DGGLWLYL�
XVDWL� SHU� PROWL� VFRSL�� DXPHQWDUH� OD� SHUVLVWHQ]D� VXOOH� IRJOLH� �6WHXUEDXW�� ������� UHJRODUH�
O¶DVVRUELPHQWR��ULWHQ]LRQH�VSUD\��+DUW�HW�DO���������UHVLVWHQ]D�DOOD�SLRJJLD��.XGVN�HW�DO.��������
SHUGLWH�IRJOLDUL�GL�GHIOXVVR��5HGG\�H�/RFNH���������HYDSRUD]LRQH�H�GLIIXVLRQH��;X�HW�DO���������
H� WUDVORFD]LRQH� GL� SURGRWWL� ILWRVDQLWDUL� �2UERYLF� HW� DO��� ������� /¶DGLXYDQWH� SXz� LQIOXHQ]DUH�
O¶HIILFDFLD� GHJOL� DJURIDUPDFL� �.URJK� HW� DO��� ������ 5RZHQ�� ������ 9DQ� =\O� HW� DO��� ����D�� E��
RWWHQHQGR�EHQHILFL�HFRQRPLFL�H�DPELHQWDOL��9DQ�=\O�HW�DO�������D���3HU�TXDQWR�ULJXDUGD�OD�YLWH��
9DQ�=\O�HW�DO.������D��KDQQR�ULSRUWDWR�O¶HIIHWWR�VXOOH�IRJOLH�GL�YLWH�H�O¶HIILFDFLD�YHUVR�Botrytis 
cinerea�GL�VROL���WHQVLRDWWLYL��6RQR�VWDWL�SXEEOLFDWL�ODYRUL�VXOO¶LQWHUD]LRQH�WUD�IXQJLFLGL�UDPHLFL�
H�DGLXYDQWL�VXJOL�DJUXPL��2UERYLF�HW�DO.����������
4XHVWR�ODYRUR�KD�DYXWR�O¶RELHWWLYR�GL�VWXGLDUH�O¶DWWLYLWj�VYROWD�GD�XQ�QXRYR�SURGRWWR�D�EDVH�

SROLVDFFDULGLFD�FKH��XWLOL]]DWR�FRPH�DGLXYDQWH��SRVVD�ULGXUUH�OD�TXDQWLWj�GL�UDPH�QHFHVVDULD�SHU�
FRQWHQHUH�OD�SHURQRVSRUD�GHOOD�YLWH��$�WDOH�VFRSR��VRQR�VWDWH�FRQGRWWH�GXH�SURYH�GL�FDPSR�FRQ�
O¶RELHWWLYR�GL���L��YDOXWDUH�O¶HIIHWWR�GHOO¶RVVLFORUXUR�GL�UDPH�DVVRFLDWR�FRQ�LO�SURGRWWR�D�EDVH�GL�
JDODWWRPDQQDQL� GD� FDUUXEH� �GL� VHJXLWR� 366�� VXOO¶HIILFDFLD� QHO� FRQWUROOR� GL� P. viticola�� �LL��
ULGXUUH� OD� TXDQWLWj� WRWDOH� GL� UDPH� XWLOL]]DWD�� �LLL�� YDOXWDUH� OD� SHUVLVWHQ]D� GHO� UDPH� TXDQGR�
DVVRFLDWR�DO�366�VX�VXSHUILFLH�IRJOLDUH�H�JUDSSROL��
�

0$7(5,$/,�(�0(72',�
366��SUHSDUD]LRQH�H�ILWRWRVVLFLWj�
3HU� OD� FRQGX]LRQH� GHOOH� SURYH� q� VWDWR� LPSLHJDWR� XQ� JHO� SROLVDFFDULGLFR�� D� EDVH� GL�

JDODWWRPDQQDQL�� HVWUDWWR� GD� FDUUXEH� �366���� /D� IRUPXOD]LRQH� D� EDVH� GL� SURGRWWL� QDWXUDOL�
JDUDQWLVFH� OD� VWDELOLWj� GHO� IRUPXODWR� LQ� DFTXD�� ,O� 366� KD� XQD� FDSDFLWj� GL� LGUDWD]LRQH� H�
HVSDQVLRQH�SDUL�D�TXDWWUR�YROWH�LO�VXR�YROXPH�LQL]LDOH�VHQ]D�URWWXUD��,O�WHPSR�GL�GHJUDGD]LRQH�q�
SDUL� D� �� VHWWLPDQH� �GDWL� QRQ� ULSRUWDWL��� /H� YDOXWD]LRQL� GL� ILWRWRVVLFLWj� VRQR� VWDWH� HVHJXLWH�
VHFRQGR�OH�OLQHH�JXLGD�2(33�(332�XWLOL]]DQGR�XQD�VFDOD�HPSLULFD����QHVVXQ�VLQWRPR����IRJOLH�
R�JUDSSROL�FRPSOHWDPHQWH�FRSHUWL�GD�PDFFKLH�QHFURWLFKH���
�

3URYH�GL�FDPSR�
1HO������H�QHO������VRQR�VWDWH�FRQGRWWH�GXH�SURYH�PHWWHQGR�D�FRQIURQWR���L�� FRQWUROOR�QRQ�

WUDWWDWR��8&����LL��366�DSSOLFDWR�GD�VROR��366����LLL��RVVLFORUXUR�GL�UDPH�H�DGLXYDQWH�366�RJQL���
JLRUQL� �&X366���� �LY�� RVVLFORUXUR� GL� UDPH� H� DGLXYDQWH� 366� RJQL� ��� JLRUQL� �&X366����� �Y��
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RVVLFORUXUR�GL�UDPH�GD�VROR�RJQL���JLRUQL��&X�����YL��RVVLFORUXUR�GL�UDPH�GD�VROR�RJQL����JLRUQL�
�&X����� /H� SURYH� VRQR� VWDWH� DOOHVWLWH� QHO� 6XG� ,WDOLD�� LQ� GXH� YLJQHWL� XELFDWL� LQ� SURYLQFLD� GL�
$YHOOLQR��7XIR��QHO������H�LQ�SURYLQFLD�GL�%HQHYHQWR��7RUUHFXVR��QHO�������,�YLWLJQL�LPSLHJDWL�
VRQR� VWDWL� ³$JOLDQLFR´� D� 7XIR� H� ³)DODQJKLQD´� D� 7RUUHFXVR�� Ê� VWDWR� XWLOL]]DWR� XQ� GLVHJQR�
VSHULPHQWDOH� D� EORFFKL� UDQGRPL]]DWL� FRQ� TXDWWUR� UHSOLFKH� ���� SLDQWH�SDUFHOOD��� /D� GRVH� GHO�
IRUPXODWR�FRPPHUFLDOH�&XSURUDP��$U\VWD�/LIHVFLHQFH��FRQWHQHQWH� LO�������GL�RVVLFORUXUR�GL�
UDPH��q�VWDWD���NJ�KD��LO�YROXPH�G¶DFTXD�XWLOL]]DWR�SHU�RJQL�DSSOLFD]LRQH�q�VWDWR�GL������/�KD��
LO�366�q�VWDWR�DJJLXQWR��QHOOH�WHVL�LQ�VWXGLR��DOOD�GRVH�GL���NJ�KD��,O�FDOHQGDULR�GHL�WUDWWDPHQWL�q�
ULSRUWDWR�QHOOD�WDEHOOD����6RQR�VWDWH�HIIHWWXDWH���DSSOLFD]LRQL�QHOOH�WHVL�366��&X��H�&X366���H���
QHOOH�UHVWDQWL��$����JLRUQL�GDOO¶XOWLPD�DSSOLFD]LRQH��VXL�JUDSSROL�VRQR�VWDWH�HVHJXLWH�DQDOLVL�GHL�
UHVLGXL�GL�UDPH�GD�SDUWH�GHOOD�VRFLHWj�/DERUDWRULD�GL�1DSROL��1HO�FRUVR�GHOOH�DWWLYLWj�GL�FDPSR�
VRQR�VWDWL�UHJLVWUDWL�L�GDWL�PHWHRURORJLFL��WHPSHUDWXUD�JLRUQDOLHUD�H�SUHFLSLWD]LRQL��
/H�RVVHUYD]LRQL�VRQR�VWDWH�FRQGRWWH�FRQ�FDGHQ]D�VHWWLPDQDOH�H�L�GDWL�GHOOH�XOWLPH�GXH��������

R� WUH� ��������VRQR�VWDWL�XWLOL]]DWL�SHU� OD�YDOXWD]LRQH�GHOO¶HIILFDFLD��/¶HIILFDFLD�q�VWDWD�YDOXWDWD�
VHFRQGR� TXDQWR� SUHYLVWR� GDOOD� OLQHD� JXLGD�2(33�(332� H� O¶LQFLGHQ]D� q� VWDWD� FDOFRODWD� FRPH�
IRJOLH�VLQWRPDWLFKH�IRJOLH�WRWDOL�RVVHUYDWH�î������/D�JUDYLWj�q�VWDWD�YDOXWDWD�FRQVLGHUDQGR�OD���
GL� VXSHUILFLH� IRJOLDUH� VLQWRPDWLFD� VX� ���� IRJOLH� SHU� EORFFR�� $O� WHUPLQH� GHOOD� SURYD�� q� VWDWR�
FRQGRWWR� XQ� ULOLHYR� VX� JUDSSROR�� ,� GDWL� GL� HIILFDFLD� VRQR� VWDWL� TXDQWLILFDWL� FRPH� LQGLFH� GL�
$EERWW��,�GDWL�GHOOD�JUDYLWj�VRQR�VWDWL�WUDVIRUPDWL�LQ�YDORUL�DQJRODUL��DUFVHQξYDORUH�UHODWLYR���,�
GDWL�VRQR�VWDWL�VRWWRSRVWL�DG�DQDOLVL�GL�YDULDQ]D�H�OH�PHGLH�VRQR�VWDWH�VHSDUDWH�VHFRQGR�LO�WHVW�GL�
7XNH\� �p����������7XWWL� L� FDOFROL� VWDWLVWLFL� VRQR�VWDWL� HIIHWWXDWL� XWLOL]]DQGR�6WDWLVWLFD� �6WDW6RIW�
,QF���7XOVD��2.��86$���
�
7DEHOOD����&DOHQGDULR�GHOOH�DSSOLFD]LRQL�SHU�L�GXH�DQQL�GL�SURYD�

7HVL��
�DEEUHYLD]LRQH��

'DWD�GHOO¶DSSOLFD]LRQH�
����� �����

&RQWUROOR�QRQ�WUDWWDWR��8&�� �� ��

7UDWWDPHQWL�HIIHWWXDWL�RJQL���JLRUQL� �
��JLXJQR�

�
���PDJJLR�

366� ���JLXJQR� ���PDJJLR�
&X366�� ���JLXJQR� ���PDJJLR�
&X�� ���JLXJQR� ��JLXJQR�
� ���OXJOLR� ��JLXJQR�
� ��OXJOLR� ���JLXJQR�
� ���OXJOLR� ���JLXJQR�

7UDWWDPHQWL�HIIHWWXDWL�RJQL����JLRUQL� �
��JLXJQR�

�
���PDJJLR�

&X366��� ���JLXJQR� ���PDJJLR�
&X��� ���OXJOLR� ��JLXJQR�
� ���OXJOLR� ���JLXJQR�
�
2VVHUYD]LRQL�DO�0LFURVFRSLR�(OHWWURQLFR�D�6FDQVLRQH��6(0��
3HU� VWXGLDUH� OD� GLVWULEX]LRQH� GHO� UDPH� VXOOD� YHJHWD]LRQH� GRSR� �� H� ��� JLRUQL� GDJOL� XOWLPL�

WUDWWDPHQWL�� q� VWDWD� HVHJXLWD� XQ¶DQDOLVL� DO� 6(0�� /¶DQDOLVL� KD� SHUPHVVR�� �L�� LQYHVWLJDUH�
O¶LQWHUD]LRQH�ILVLFD�366�LQWHUIDFFLD�IRJOLH���LL��YDOXWDUH�O¶RPRJHQHLWj�GL�FRSHUWXUD�GHO�ILOP�VXOOH�
VXSHUILFL� LQ� 366�� �LLL�� DQDOL]]DUH� OD� GLVSRVL]LRQH� GHO� UDPH� QHO� ILOP� GRSR� O¶LUURUD]LRQH� H� �LY��
YDOXWDUH� OD� SHUVLVWHQ]D� GHO� UDPH� VXOOH� IRJOLH� GL� YLWH�� 6RQR� VWDWH� UHDOL]]DWH� PLFURJUDILH� GHOOD�
VXSHUILFLH� IRJOLDUH� PHGLDQWH� XQ� PLFURVFRSLR� HOHWWURQLFR� D� VFDQVLRQH�� ,� FDPSLRQL� VRQR� VWDWL�
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ULYHVWLWL�FRQ�OHJD�$X�3G�FKH�KD�ULFRSHUWR�OD�VXSHUILFLH�GHO�FDPSLRQH�FRQ�XQR�VWUDWR�RPRJHQHR�
GL�OHJD�PHWDOOLFD�GL����������QP��Ê�VWDWD�HVHJXLWD�OD�VSHWWURPHWULD�D�UDJJL�;��6RQR�VWDWL�UDFFROWL�
LQ�FDPSR�HG�RVVHUYDWL�WUH�FDPSLRQL�GL�VXSHUILFLH�IRJOLDUH�SHU�FLDVFXQ�WUDWWDPHQWR��
�

5,68/7$7,�
3URYD�GL�FDPSR���DQQR������
���1HO�������OH�SUHFLSLWD]LRQL�GHL�SULPL�GL�PDJJLR�QRQ�VRQR�VWDWH�LQ�JUDGR�GL�LQGXUUH�VLQWRPL�GL�
PDODWWLD��WHPSHUDWXUD� LQIHULRUH�D����&���/H�SLRJJH�IDYRUHYROL�DOO¶LQVRUJHQ]D�GHOOD�PDODWWLD�VL�
VRQR�YHULILFDWH�IUD�LO����H�LO����PDJJLR�FRQ�GHFRUVR�VWDJLRQDOH�IDYRUHYROH��ILJXUD������
�
)LJXUD����3DUDPHWUL�DPELHQWDOL�QHO�������WHPSHUDWXUD���&��H�SUHFLSLWD]LRQL��PP��

�
�
���,� VLQWRPL� VRQR� FRPSDUVL� LO� ��� JLXJQR� GRSR� WUH� DSSOLFD]LRQL� LQ� 366�� &X��� &X366�� H� GXH�
DSSOLFD]LRQL�SHU�&X���H�&X366����WDEHOOD�����$O�WHUPLQH�GHOOD�SURYD��O¶LQFLGHQ]D�QHO�FRQWUROOR�
��������H�LQ�366���������HUD�SDUDJRQDELOH��PHQWUH�LQ�&X��H�&X���HUD�LO����H������FRQ�JUDYLWj�
GHO������H��������$GGL]LRQDQGR�366�DO�UDPH��&X366��H�&X366����O¶LQFLGHQ]D�q�VWDWD�GHO����H�
GHO� ���� �ILJXUD� ��$��� FRQ� JUDYLWj� GHO� ����� H� GHO� ���� �ILJXUD� ��%��� /D� PDJJLRUH� HIILFDFLD�
VXOO¶LQFLGHQ]D� q� VWDWD� ULVFRQWUDWD� TXDQGR� HUD� DGGL]LRQDWR� 366� �&X366�� ������ H� &X366���
��������ULVSHWWR�DO�VROR�UDPH��&X��������H�&X�����������/D�PDJJLRUH�HIILFDFLD��D�ILQH�SURYD��
HUD�LQ�&X366��H�&X366����WDEHOOD�����/¶LQFLGHQ]D�H�JUDYLWj�VXL�JUDSSROL�LQ�8&�H�366�q�VWDWD�
VLPLOH� �WDEHOOD� ���� ,O� 366� QRQ� KD� LQIOXHQ]DWR� LQFLGHQ]D� H� JUDYLWj� TXDQGR� DSSOLFDWR� GD� VROR��
PHQWUH�TXDQGR�DGGL]LRQDWR��&X366��H�&X366����KD�DXPHQWDWR�O¶HIILFDFLD�VLD�FRPH�LQFLGHQ]D�
FKH�JUDYLWj��
�
�
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�
�
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)LJXUD����3URYD�FRQGRWWD�QHO������DG�$YHOOLQR��LQFLGHQ]D��$��H�JUDYLWj��%��GHOOD�PDODWWLD�

�
�
7DEHOOD����(IILFDFLD�VXOO¶LQFLGHQ]D��,��H�JUDYLWj��*��GHOOD�PDODWWLD��$EERWW��VXOOH�IRJOLH�

7HVL�
����� �����

���� ����� ���� ���� �����
,� *� ,� *� ,� *� ,� *� ,� *�

366� �����F� �����F� �����F� ����E� ����E� �����E� ����E� �����E� �����F� ����G�
&X366��� �����D� �����D� �����D� �����D� ����D� ����D� ����D� ����D� �����D� �����D�
&X366��� �����D� �����D� �����D� �����D� �����D� �����D� �����D� �����D� �����D� �����D�
&X�� �����E� �����E� �����D� �����D� ����D� ����D� �����D� �����D� �����D� �����E�
&X��� �����E� �����E� �����E� �����D� �����D� �����D� �����D� �����D� �����E� �����F�

366��&X�366�RJQL���JLRUQL��&X366����&X�366�RJQL����JLRUQL��&X366�����&X�RJQL���JLRUQL��&X����&X�
RJQL����JLRUQL� �&X�����0HGLH�FRQ� OHWWHUH�XJXDOL�QRQ�VRQR�GLYHUVH�VLJQLILFDWLYDPHQWH�VHFRQGR�LO� WHVW�GL�
7XNH\��p� �������
�
7DEHOOD� ��� 3URYD� ������ 'DWL� VXOO¶LQFLGHQ]D� �,�� GHOOD� PDODWWLD�� JUDYLWj� �*�� GHL� VLQWRPL� HG�
HIILFDFLD��(���GL�$EERWW��VXL�JUDSSROL�

7HVL� �����
,� (� *� (�

8&� �����D� ±� �����D� ±�
366� �����D� ����G� �����D� ����F�

&X366��� �����G� �����D� �����E� �����D�
&X366��� �����G� �����D� �����E� �����D�
&X�� �����F� �����E� �����D� �����E�
&X��� �����E� �����F� �����D� ��F�

&RQWUROOR�QRQ�WUDWWDWR��8&���366��&X�366�RJQL���JLRUQL��&X366����&X�366�RJQL����JLRUQL��&X366�����
&X� RJQL� �� JLRUQL� �&X���� &X� RJQL� ��� JLRUQL� �&X����� 0HGLH� FRQ� OHWWHUH� XJXDOL� QRQ� VRQR� GLYHUVH�
VLJQLILFDWLYDPHQWH�VHFRQGR�LO�WHVW�GL�7XNH\��p� ������ 
�
�
�
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)LJXUD����3DUDPHWUL�DPELHQWDOL�QHO�������WHPSHUDWXUD���&��H�SUHFLSLWD]LRQL��PP��

�
�
3URYD�GL�FDPSR���DQQR������
1HO� ������ OH� SLRJJH� LQIHWWDQWL� VL� VRQR� YHULILFDWH� IUD� O¶��� H� LO� ��� PDJJLR� �ILJXUD� ��� H� LO�

IDYRUHYROH� GHFRUVR� GHOOD� PDODWWLD� q� VWDWR� DVVLFXUDWR� GDOOH� SUHFLSLWD]LRQL� GL� JLXJQR� H� GHO� ���
OXJOLR��
�

���,O���JLXJQR�q� VWDWD�RVVHUYDWD� OD�FRPSDUVD�GHL� VLQWRPL�� GRSR�TXDWWUR�DSSOLFD]LRQL�GL� UDPH�H�
366��&X��H�&X366���GXH� LQ�&X���H�&X366����WDEHOOD�����,Q�8&�O¶LQFLGHQ]D��D�ILQH�SURYD��q�
VWDWD� GHO� ����� H� OD� JUDYLWj� GHO� ������� 366� QRQ� GLIIHULYD� GD� 8&�� FRQIHUPDQGR� DVVHQ]D� GL�
HIIHWWR�GLUHWWR�VX�P. viticola��,Q�&X���O¶LQFLGHQ]D�q�VWDWD�VLJQLILFDWLYDPHQWH�SL��HOHYDWD�������
ULVSHWWR�D�&X366��H�&X366�������H�������FRQ�ULVXOWDWL� VLPLOL�D�&X���������ILJXUD���$���/D�
JUDYLWj� q� VWDWD� VLJQLILFDWLYDPHQWH� LQIHULRUH� TXDQGR� YHQLYD� DJJLXQWR� 366� �ILJXUD� ��%���
/¶HIILFDFLD�VXOO¶LQFLGHQ]D�QRQ�q�GLIIHUHQWH�SHU�&X366���������&X366���������H�&X���������
PHQWUH� YDORUL� VLJQLILFDWLYDPHQWH� SL�� EDVVL� VRQR� VWDWL� RWWHQXWL� LQ� &X��� ������� &X366�� H�
&X366��� QRQ� PRVWUDQR� HIILFDFLD� VXOOD� JUDYLWj� ������� H� �������� PHQWUH� YDORUL�
VLJQLILFDWLYDPHQWH�LQIHULRUL�HUDQR�LQ�&X���H�&X���WDEHOOD�����,Q�8&��LQFLGHQ]D�H�JUDYLWj�GHOOD�
PDODWWLD�VXL�JUDSSROL�VRQR�VWDWH�������H��������FRQIHUPDQGR�L�ULVXOWDWL�GHO�������366�GD�VROR�
QRQ�VL�GLVFRVWDYD�GD�8&��4XDQGR�DJJLXQWR�366��q�VWDWD�RVVHUYDWD�PLQRUH�LQFLGHQ]D�H�JUDYLWj��
,Q�&X���L�ULVXOWDWL�QRQ�VL�GLVFRVWDYDQR�GD�8&��PRVWUDQGR�XQ¶LQHIILFDFLD�GHOOH�DSSOLFD]LRQL�VXL�
JUDSSROL��PHQWUH�LQ�&X366��H�&X366���O¶HIILFDFLD�HUD�VXSHULRUH�DO����H�DO������WDEHOOD����FRQ�
UHVLGXL�LQIHULRUL�D�����PJ�NJ��
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)LJXUD����3URYD�FRQGRWWD�QHO������D�%HQHYHQWR��LQFLGHQ]D��$��H�JUDYLWj��%��GHOOD�PDODWWLD�
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Tabella 4. Prova 2016. Dati sull’incidenza (I) della malattia, gravità (G) dei sintomi ed 
efficacia (E) (di Abbott) sui grappoli 

Tesi 22/6 
I E G E 

UC 68,2 a  –  36,6 a  – 
PSS 69,8 a  0,0 d  38,3 a  0,0 c 

CuPSS 7 26,8 d  61,9 a  16,9 b  64,6 a 
CuPSS14 27,9 d  60,3 a  16,6 b  65,6 a 

Cu7 38,4 c  44,9 b  30,7 a  19,3 b 
Cu14 58,3 a  15,7 c  38,4 a  0,0 c 

Controllo non trattato (UC); PSS; Cu+PSS ogni 7 giorni (CuPSS7); Cu+PSS ogni 14 giorni (CuPSS14); 
Cu ogni 7 giorni (Cu7); Cu ogni 14 giorni (Cu14). Medie con lettere uguali non sono diverse 
significativamente secondo il test di Tukey (p = 0,05) 
 
Osservazioni al Microscopio Elettronico a Scansione (SEM) 

La Figura 5.A mostra la presenza di particelle di ossicloruro di rame sulle superfici fogliari. 
La spettrometria a raggi X ha confermato che erano particelle di rame. Le analisi condotte in 
tre aree con diverse concentrazioni apparenti di rame hanno confermato che dove le particelle 
erano più evidenti (spettro 1) vi era il 7,66% di rame, mentre dove erano apparentemente 
presenti (spettro 2) erano al di sotto del livello di rilevamento. Lo spettro 3 mostra una 
concentrazione pari al 2,93% di rame, che rappresenta una situazione intermedia. La figura 
5.B mostra che 8 giorni dopo il trattamento sulle foglie di Cu7, le particelle di rame sono 
sparse o localizzate solo in alcune aree. La Figura 5.C mostra l’uniformità di distribuzione del 
rame sulla superficie delle foglie nella tesi CuPSS7. Dopo 14 giorni (figura 4.D), il rame è 
rimasto uniformemente distribuito sulla superficie delle foglie del trattamento CuPSS14. 
 
Figura 5. Piccole aree (spettro) della superficie fogliare trattata: Cu a 2 (A) e 8 giorni 
dall’applicazione (B); Cu+PSS osservata al SEM a 8 (C) e 14 giorni dall’applicazione (D) 
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',6&866,21(�
���/D� SHURQRVSRUD� VL� q� YHULILFDWD� LQ� HQWUDPEL� JOL� DQQL� GL� SURYH� FRQ� XQD� HOHYDWD� LQFLGHQ]D� H�
JUDYLWj�GHL�VLQWRPL��TXHVWR�KD�FRQVHQWLWR�OD�YDOXWD]LRQH�GHOO¶DGLXYDQWH�366�QHO�FRQWHQLPHQWR�
GHOOD� PDODWWLD�� 5LVXOWDWL� VLPLOL� SHU� L� GXH� DQQL� GLPRVWUDQR� OH� FRQGL]LRQL� PHWHRURORJLFKH�
IDYRUHYROL� DOO¶LQVRUJHQ]D� GHOOD� PDODWWLD�� FRPH� DQFKH� DOOD� OLVFLYLD]LRQH� GHO� UDPH� TXDQGR�
DSSOLFDWR� GD� VROR�� /¶DJJLXQWD� GL� 366� SHU� HQWUDPEL� JOL� DQQL� q� VWDWD� LQ� JUDGR� GL� SUROXQJDUH�
O¶HIILFDFLD�GHO�IXQJLFLGD�UDPHLFR��6X�YLWH�q�VWDWR�ULSRUWDWR�O¶LPSLHJR�GL�DGLXYDQWL��FRPH�IHQROL��
DOFROL��ROL�H�SROLHWHUL��FKH�SRVVRQR�FDXVDUH�XQ¶DOWHUD]LRQH�GHOOD�PRUIRORJLD�HSLFXWLFRODUH�H�GHOOD�
PLFURIORUD� QDWXUDOH�� UHQGHQGR� OD� SLDQWD� PDJJLRUPHQWH� VXVFHWWLELOH� D� B. cinerea� �5HGG\� H�
/RFNH�� ������� /H� SUHVWD]LRQL� HVSOLFDWH� GDOO¶LPSLHJR� GHJOL� DGLXYDQWL� YDULD� D� VHFRQGD� GHOOH�
SURSULHWj� GHOOD� VRVWDQ]D� FKLPLFD� �*UHHQ� H� %HHVWPDQ�� ������� *OL� DGLXYDQWL� PLJOLRUDQR� OD�
ELRHIILFDFLD� GHOOD� IHQH[DPLGH� VXOOH� VXSHUILFL� IRJOLDUL� GL� YLWH�� PLJOLRUDQGRQH� OD� TXDQWLWj� H� OD�
TXDOLWj�GHOOD�GHSRVL]LRQH��9DQ�=\O�HW�DO�������D���,QROWUH��DSSOLFD]LRQL�GL�IXQJLFLGL�UDPHLFL�DG�
LQWHUYDOOL� GL� ��� JLRUQL�� XVDQGR� WUH� GLYHUVH� IRUPXOD]LRQL� GL� DGLXYDQWL�� VRQR� ULVXOWDWH� HIILFDFL�
FRQWUR�Citrus Black Spot�QHO�VXG�$IULFD��5RZHQ���������,�ULVXOWDWL�GL�TXHVWR�VWXGLR�HYLGHQ]LDQR�
FKH�QRQ�YL�HUD�LQIOXHQ]D�IUD�366�H�O¶HSLGHPLRORJLD�GHOOD�SHURQRVSRUD��,QIDWWL��OH�SLDQWH�WUDWWDWH�
VROR�FRQ�366�DYHYDQR�OD�VWHVVD�LQFLGHQ]D�H�JUDYLWj�GHO�FRQWUROOR�QRQ�WUDWWDWR��/H�RVVHUYD]LRQL�
DO� 6(0� QRQ� KDQQR� PRVWUDWR� GLIIHUHQ]H� GL� GLIIXVLRQH� H� FRSHUWXUD� GHO� VROR� UDPH�� PHQWUH� OH�
SDUWLFHOOH�GL�UDPH�SHUPDQHYDQR�SL��OXQJDPHQWH�VXOOD�YHJHWD]LRQH�TXDQGR�HUD�DVVRFLDWR�D�366��
0ROWL� VWXGL� KDQQR� GLPRVWUDWR� L� EHQHILFL� GHJOL� DGLXYDQWL� LQ� ODERUDWRULR� H� LQ� FRQGL]LRQL�
FRQWUROODWH� �6WHXUEDXW�� �������PD�TXDVL� WXWWL� KDQQR�GDWR� ULVXOWDWL� QHJDWLYL� TXDQGR� VDJJLDWL� LQ�
FDPSR���

�
&21&/86,21,�

,Q� TXHVWR� VWXGLR�� 366� q� VWDWR� VDJJLDWR� VX� YLWH� LQ� FDPSR� H� KD� PRVWUDWR� XQD� PDJJLRUH�
SHUVLVWHQ]D� GHOO¶RVVLFORUXUR� GL� UDPH� IDFHQGR� UHJLVWUDUH� XQD� PDJJLRUH� HIILFDFLD�� VHQ]D� DOFXQ�
HIIHWWR�ILWRWRVVLFR��366�q�XQ�DGLXYDQWH� LQ�JUDGR�GL�PLJOLRUDUH� LO�FRQWHQLPHQWR�GHOOD�PDODWWLD��
FRQVHQWHQGR� LQWHUYDOOL� GL� DSSOLFD]LRQH� SL�� OXQJKL�� ,QIDWWL�� OD� TXDQWLWj� DQQXDOH� GL� UDPH� VL� q�
ULGRWWD�GD�����NJ�KD��UDPH�RJQL���JLRUQL��D�����NJ�KD�VH�DSSOLFDWR�RJQL����JLRUQL�FRQ�366��,Q�
DQQDWH�QHOOH�TXDOL�P. viticola�FDXVD�LQJHQWH�SHUGLWD�GL�SURGRWWR��!������O¶XVR�GL�366�SRWUHEEH�
UDSSUHVHQWDUH�XQD�SURPHWWHQWH� VROX]LRQH��'DL� ULVXOWDWL� q� VWDWR�GLPRVWUDWR�FKH� O¶RVVLFORUXUR�GL�
UDPH� QRQ� YLHQH� LPSULJLRQDWR� GD� 366�� SHUPHWWHQGRJOL� GL� HVSOLFDUH� DWWLYLWj� ILWRLDWULFD� QHL�
FRQIURQWL�GHOOH�PDODWWLH� IXQJLQH��366�SXz�HVVHUH�DVVLPLODWR�DG�XQ�DGHVLYDQWH��PLJOLRUDQGR� OD�
SHUVLVWHQ]D� GHO� UDPH� �H� GHL� SULQFLSL� DWWLYL� QRQ� VLVWHPLFL�� VXOOD� VXSHUILFLH� GHO� EHUVDJOLR��
/¶DGLXYDQWH� SURSRVWR� q� ELRGHJUDGDELOH�� FRQ� LPSDWWR� DPELHQWDOH� QXOOR�� 6L� ULWLHQH�� FKH� VLD� OD�
SULPD�YROWD�FKH�XQ�FRPSRVWR�GHULYDWR�GDL�JDODWWRPDQQDQL�YHQJD�LPSLHJDWR�FRPH�DGLXYDQWH�LQ�
WUDWWDPHQWL�FRQ�IXQJLFLGL��
8OWHULRUL� VWXGL� VRQR� LQ� FRUVR� SHU� FRQIHUPDUH� L� ULVXOWDWL� RWWHQXWL� VX� YLWH� H� LQ� DOWUL� VLVWHPL�

RVSLWH�SDWRJHQR�� SHU� FRPSUHQGHUH� LQ� PRGR� SL�� DSSURIRQGLWR� L� PHFFDQLVPL� DOOD� EDVH�
GHOO¶LQWHUD]LRQH� WUD� UDPH�366�� 3HUWDQWR�� QHO� SURVVLPR� IXWXUR� YL� SRWUHEEHUR� HVVHUH� XOWHULRUL�
LQIRUPD]LRQL�D�VXSSRUWR�GL�TXDQWR�YLHQH�SUHVHQWDWR�LQ�YLD�SUHOLPLQDUH��
�

5LQJUD]LDPHQWL�
,O� SUHVHQWH� FRQWULEXWR� q� VWDWR� UHDOL]]DWR� QHOO¶DPELWR� GHO� SURJHWWR� 0$5($� QHOO¶DPELWR� GHO�
3URJUDPPD� 2SHUDWLYR� 1D]LRQDOH� ³5LFHUFD� H� &RPSHWLWLYLWD´� ���������� �321� 5	&���
321���3(B�����B��
�
�
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/$925,�&,7$7,�
*UHHQ� -�0��� %HHVWPDQ�*�%��� ������ 5HFHQWO\� SDWHQWHG� DQG� FRPPHULFLDOL]HG� IRUPXODWLRQ� DQG�

DGMXYDQW�WHFKQRORJ\��Crop Prot���������������
+DUW�6�(���.HOOV�-�-���3HQQHU�'���������,QIOXHQFH�RI�DGMXYDQWV�RQ�WKH�HIILFDF\��DEVRUSWLRQ�DQG�

VSUD\�UHWHQWLRQ�RI�SULPVXOIXURQ��Weed Technol��������������
.URJK� .�$��� +DOOLQJ�6RUHQVHQ� %��� 0RJHQVHQ� %�%��� 9HMUXS� .�9��� ������ (QYLURQPHQWDO�

SURSHUWLHV� DQG� HIIHFWV� RI� QRQ�LRQLF� VXUIDFWDQW� DGMXYDQWV� LQ� SHVWLFLGHV�� D� UHYLHZ��
Chemosphere���������������

.XGVN�3���0DWKLDVVHQ�6�.���.LUNQHO�(���������,QIOXHQFH�RI�IRUPXODWLRQV�DQG�DGMXYDQWV�RQ�WKH�
UDLQIDVWQHVV�RI�PDQHE�DQG�PDQFR]HE�RQ�SHD�DQG�SRWDWR��Pestic Sci�������������

2UERYLF�9���$FKRU�'���6\YHUWVHQ�-�3���������$GMXYDQWV�DIIHFW�SHQHWUDWLRQ�RI�FRSSHU� WKURXJK�
LVRODWHG�FXWLFOHV�RI�&LWUXV�OHDYHV�DQG�IUXLW��Hort Sci�����������������

5HGG\�.�1���/RFNH�0�$��������� ,PD]DTXLQ�VSUD\�UHWHQWLRQ�� IROLDU�ZDVKRII�DQG�UXQRII� ORVVHV�
XQGHU�VLPXODWHG�UDLQIDOO��Pestic Sci���������������

5RZHQ� 6�6��� ������ (YDOXDWLRQ� RI� ��� DGMXYDQWV� LQ� FRPELQDWLRQ� ZLWK� IHUEDP� IRU� FRQWURO� RI�
IXVLIRUP�UXVW�RQ�SLQH�VHHGOLQJV��Plant Dis Rep���������������

6WHXUEDXW�:���������$GMXYDQWV�IRU�XVH�ZLWK�IROLDU�IXQJLFLGHV��Pestic Sci�������������
6WHYHQV�3�-�*���������2UJDQRVLOLFRQH�VXUIDFWDQW�DV�DGMXYDQWV�IRU�DJURFKHPLFDOV��Pestic Sci������

���������
9DQ�=\O�6�$���%ULQN�-�&���&DOLW]�)�-���&RHUW]H�6���)RXULH�3�+�������D��7KH�XVH�RI�DGMXYDQWV�WR�

LPSURYH� VSUD\� GHSRVLWLRQ� DQG�Botrytis cinerea� FRQWURO� RQ�&KDUGRQQD\� JUDSHYLQH� OHDYHV��
Crop Prot�������������

9DQ�=\O�6�$���%ULQN�-�&���&DOLW]�)�-���)RXULH�3�+�������E��(IIHFWV�RI�DGMXYDQWV�RQ�GHSRVLWLRQ�
HIILFLHQF\�RI�IHQKH[DPLG�VSUD\V�DSSOLHG�WR�&KDUGRQQD\�JUDSHYLQH�IROLDJH��Crop Prot������
���������

;X�/���=KX�+���2]NDQ�+�(���%DJOH\�:�(���������'URSOHW�HYDSRUDWLRQ�DQG�VSUHDG�RQ�ZD[\�DQG�
KDLU\�OHDYHV�DVVRFLDWHG�ZLWK�W\SH�DQG�FRQFHQWUDWLRQ�RI�DGMXYDQWV��Pest Manag Sci����������
�����
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