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5,$668172�
'XH�SURYH�VSHULPHQWDOL�GL�FDPSR�VRQR�VWDWH�HIIHWWXDWH�QHJOL�DQQL������H������FRQ�OR�VFRSR�GL�
YDOXWDUH�O¶HIILFDFLD�GL�GXH�SURGRWWL�GL�RULJLQH�QDWXUDOH��ELFDUERQDWR�GL�SRWDVVLR��$UPLFDUE�����H�
]ROIR��7KLRSURQ��SHU�LO�FRQWHQLPHQWR�GHOO¶RLGLR�GHO�PHOR�LQ�PDQLHUD�HUDGLFDQWH��FRPSDUDWL�FRQ�
EXSLULPDWH� �1LPURG�����(:��FRPH�VWDQGDUG�GL� ULIHULPHQWR��6RQR�VWDWH� IDWWH� WUH�DSSOLFD]LRQL�
GLVWDQ]LDWH�GL�VHWWH�JLRUQL�GRSR�OD�FRPSDUVD�GHL�VLQWRPL�GHOOD�PDODWWLD���1HL�GXH�DQQL�EXSLULPDWH�
KD�FRPSOHVVLYDPHQWH�IRUQLWR�EXRQL�ULVXOWDWL�QHO�FRQWHQLPHQWR�HUDGLFDQWH�GHOO¶RLGLR��7KLRSURQ�H�
$UPLFDUE�����KDQQR�HYLGHQ]LDWR�XQD�HIILFDFLD� OHJJHUPHQWH� LQIHULRUH� ULVSHWWR�DOOR� VWDQGDUG�GL�
ULIHULPHQWR�� VHQ]D� GLIIHUHQ]H� VLJQLILFDWLYH� WUD� GL� ORUR� 1RQ� VRQR� VWDWL� RVVHUYDWL� IHQRPHQL� GL�
ILWRWRVVLFLWj�VX�IRJOLH�H�IUXWWL�LQ�VHJXLWR�DL�WUDWWDPHQWL�HVHJXLWL��
3DUROH�FKLDYH��Podosphaera leucotricha,�7KLRSURQ��$UPLFDUE�����1LPURG�����(:�
�

6800$5<�
(9$/8$7,21�2)�(5$',&$17�$&7,9,7<�2)�68/3+85�$1'�327$66,80�

%,&$5%21$7(�)25�7+(�&21752/�2)�$33/(�32:'(5<�0,/'(:�
7ZR�ILHOG� WULDOV�ZHUH�FDUULHG�RXW�RYHU� WKH�\HDUV������DQG������ZLWK� WKH�DLP�WR�HYDOXDWH� WKH�
HUDGLFDQW� DFWLYLW\� RI� WZR� QDWXUDO� SURGXFWV�� VXOSKXU� �7KLRSURQ�� DQG� SRWDVVLXP� ELFDUERQDWH�
�$UPLFDUE�����DJDLQVW�DSSOH�SRZGHU\�PLOGHZ��FRPSDUHG�ZLWK�EXSLULPDWH��1LPURG�����(:��DV�
VWDQGDUG�UHIHUHQFH��7KUHH�DSSOLFDWLRQV�ZHUH�PDGH�DIWHU�WKH�RQVHW�RI�WKH�GLVHDVH�V\PSWRPV�DW�
VHYHQ�GD\� LQWHUYDOV�� 2YHU� WKH� WULDOV�� 1LPURG� ���� SURYLGHG� JRRG� HIILFDF\� LQ� FRQWDLQLQJ� WKH�
GLVHDVH��7KLRSURQ�DQG�$UPLFDUE����VKRZHG�DQ�HIILFDF\�OHYHO�VOLJKWO\�ORZHU�WKDQ�WKH�FKHPLFDO�
VWDQGDUG�UHIHUHQFH�EXW�QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKHP��1R�SK\WRWR[LFLW\�RQ�OHDYHV�DQG�
IUXLWV�ZDV�REVHUYHG��
.H\ZRUGV��Podosphaera leucotricha��7KLRSURQ��$UPLFDUE�����1LPURG�����(:�
�

,1752'8=,21(�
/¶RLGLR�R�PDO�ELDQFR�UDSSUHVHQWD�XQ¶LPSRUWDQWH�DYYHUVLWj�IXQJLQD�SHU�LO�PHOR��VHFRQGD�SHU�

SHULFRORVLWj�VROR�DOOD�WLFFKLRODWXUD��/¶DJHQWH�GHOOD�PDODWWLD�q�LO�IXQJR�Podosphaera leucotricha��
FKH�FRPSOHWD�LO�VXR�FLFOR�ELRORJLFR�QHOOD�IRUPD�DJDPLFD�GL�Oidium farinosum��,O�IXQJR�VYHUQD�
VRWWR�IRUPD�GL�PLFHOLR�QHOOH�JHPPH�H�DYYLD�O¶LQIH]LRQH�SULPDULD�ILQ�GDOOH�SULPH�IDVL�YHJHWDWLYH��
GHWHUPLQDQGR� OD�FRPSDUVD�GHOOD�PDODWWLD� LQ�RFFDVLRQH�GHOOR� VYLOXSSR�GHL�SULPL�JHUPRJOL��/H�
VXFFHVVLYH�LQIH]LRQL�VHFRQGDULH��GXUDQWH�L�PHVL�SULPDYHULOL±HVWLYL��VRQR�SURGRWWH�GDL�FRQLGL�GHOOD�
IRUPD�DJDPLFD���
7UD� L� IDWWRUL� FKH� IDYRULVFRQR� OR� VYLOXSSR�GHOOD�PDODWWLD�� KDQQR� XQ� UXROR�GL� SULPR�SLDQR� OD�

VHQVLELOLWj�YDULHWDOH��HFFHVVLYH�FRQFLPD]LRQL�D]RWDWH��FKH�IDYRULVFRQR�LO�ULJRJOLR�YHJHWDWLYR�GHOOH�
SLDQWH���O¶DQGDPHQWR�FOLPDWLFR�VHFFR�H�YHQWRVR��/H�VWUDWHJLH�GL�GLIHVD�SUHYHGRQR�O¶LPSLHJR�GL�
IXQJLFLGL�FRQ�GXSOLFH�DWWLYLWj�VLD�SHU�OD�WLFFKLRODWXUD�FKH�SHU�O¶RLGLR�FRPH�SHU�HVHPSLR�TXHOOL�
DSSDUWHQHQWL�DOOD�IDPLJOLD�GHJOL�6'+,�H�L�WULD]ROL�VL�SXz�DQFKH�IDUH�ULFRUVR�DG�DQWLRLGLFL�VSHFLILFL�
FRPH�F\IOXIHQDPLG�H�EXSLULPDWH��,Q�DJULFROWXUD�ELRORJLFD�SRVVRQR�HVVHUH�XWLOL]]DWL�IRUPXODWL�D�
EDVH�GL�]ROIR��)URQWDOL�HW�DO���������H��SL��UHFHQWHPHQWH�GL�ELFDUERQDWR�GL�SRWDVVLR��6FKLDWWL�HW�
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DO���������'L�0DUWLQR�HW�DO���������0DUNX�HW�DO���������5L]]L�HW�DO���������0LWUH�HW�DO����������
$PEHGXH�KDQQR�OD�GXSOLFH�DWWLYLWj�QHL�FRQIURQWL�GL�V. inaequalis�H�P. leucotricha.�
/H� HVSHULHQ]H� TXL� ULSRUWDWH� VL� VRQR� SUHILVVH� OR� VFRSR� GL� YDOXWDUH� O¶HIILFDFLD� GL� ]ROIR� H�

ELFDUERQDWR�GL�SRWDVVLR�D�FRQIURQWR�FRQ�XQ�IXQJLFLGD�FKLPLFR�GL�ULIHULPHQWR��EXSLULPDWH��QHO�
FRQWUROOR�GHOO¶RLGLR�GHO�PHOR�GRSR�OD�FRPSDUVD�GHL�VLQWRPL��DSSOLFD]LRQH�HUDGLFDQWH���

�
0$7(5,$/,�(�0(72',�

/H�SURYH�VRQR�VWDWH�UHDOL]]DWH�D�6DQ�*LRYDQQL�LQ�3HUVLFHWR��%R��LQ�(PLOLD�5RPDJQD�LQ�GXH�
PHOHWL�� FRVWLWXLWL� GDOOD� FY� 6WD\PDQ� DOOHYDWD� D� SDOPHWWD� LUUHJRODUH� QHO� ������ H� FY� ,PSHUDWRUH�
'DOODJR�DOOHYDWD�D�IXVHWWR�QHO�������JUDYHPHQWH�FROSLWL�QHJOL�DQQL�SUHFHGHQWL��Ê�VWDWR�XWLOL]]DWR�
LO�FODVVLFR�VFKHPD�VSHULPHQWDOH�D�EORFFKL�UDQGRPL]]DWL�FRQ���ULSHWL]LRQL�H�SDUFHOOH�GL������SLDQWH�
VXOOD�ILOD��*OL�LQWHUYHQWL�VRQR�VWDWWL�HIIHWWXDWL�D�SDUWLUH�GDL�SULPL�GL�JLXJQR�H�VRQR�VWDWL�ULSHWXWL�SHU�
��YROWH�D�FDGHQ]D�VHWWLPDQDOH��,� WUDWWDPHQWL�VRQR�VWDWL�HIIHWWXDWL�FRQ�XQ�DWRPL]]DWRUH�.:+�D�
VSDOOD�LPSLHJDQGR�XQ�YROXPH�GL�LUURUD]LRQH�GL������/�KD��3ULPD�GL�HVHJXLUH�LO�SULPR�WUDWWDPHQWR�
q� VWDWR� IDWWR� XQ� FRQWUROOR� SUHOLPLQDUH� VX� WXWWH� OH� WHVL� SHU� YDOXWDUH� OD� SUHVHQ]D� GHL� VLQWRPL� GL�
PDODWWLD�VXOOH�IRJOLH�H�VXL�IUXWWL��
,�ULOLHYL�VRQR�VWDWL�HIIHWWXDWL�FRQWUROODQGR�����IRJOLH�H�����IUXWWL�SHU�UHSOLFD��,O�FDPSLRQDPHQWR�

VXOOH�IRJOLH�q�VWDWR�HIIHWWXDWR�RVVHUYDQGR�OH�IRJOLH�DSLFDOL��XOWLPH���IRJOLH�GHL�JHUPRJOL���,O�ULOLHYR�
ILQDOH�q�VWDWR�HIIHWWXDWR���JLRUQL�GRSR�O¶XOWLPR�WUDWWDPHQWR��
,� GDWL� VRQR� VWDWL� VRWWRSRVWL� DOO¶DQDOLVL� GHOOD� YDULDQ]D� �$QRYD�� H� OH� GLIIHUHQ]H� WUD� OH� PHGLH�

FRQIURQWDWH�FRQ�LO�WHVW�61.�SHU�S���������3HU�HVHJXLUH�O¶HODERUD]LRQH�L�GDWL�VRQR�VWDWL�WUDVIRUPDWL�
QHOO¶DUFRVHQR�GHOOD�UDGLFH�TXDGUDWD��
/H�FDUDWWHULVWLFKH�GHL�SURGRWWL� LPSLHJDWL� QHOOD� VSHULPHQWD]LRQH�VRQR�ULSRUWDWH� LQ� WDEHOOD���� ,�
ULVXOWDWL� GHOOH� SURYH� VRQR� ULSRUWDWL� LQ� WDEHOOD� �� �DQQR� ������ H� WDEHOOD� �� �DQQR� ������� /H�
FRQGL]LRQL�PHWHRURORJLFKH�ULOHYDWH�GXUDQWH�OH�SURYH�VRQR�ULSRUWDWH�QHOOH�ILJXUH���H����

�
7DEHOOD����6RVWDQ]H�DWWLYH��IRUPXODWL�H�UHODWLYL�GRVDJJL�

6RVWDQ]D�DWWLYD� ����)RUPXODWR� )RUPXOD]LRQH� &RQWHQXWR�
����V��D��

'RVH�IRUP���
�/�R�NJ�KD��

=ROIR� ��7KLRSURQ� 6&� ����������J�/� ���
%LFDUERQDWR�GL�SRWDVVLR� �$UPLFDUE���� 63� �������� ���
%XSLULPDWH� 1LPURG�����(:� (:� ���������J�/� ����
�

5,68/7$7,�
3URYD������
/H� FRQGL]LRQL� FOLPDWLFKH� GHOOD� SULPDYHUD� ±� LQL]LR� HVWDWH� ����� KDQQR� IDYRULWR� OR� VYLOXSSR�

GHOO¶RLGLR�� /H� VFDUVH� SLRJJH� YHULILFDWHVL� �ILJXUD� ��� KDQQR� GHWHUPLQDWR� XQD� GLIHVD� FRQWUR� OD�
WLFFKLRODWXUD� EDVDWD� SUHYDOHQWHPHQWH� VX� SURGRWWL� GL� FRSHUWXUD� H� FRQ� XQR� VFDUVR� QXPHUR� GL�
WUDWWDPHQWL��'L�FRQVHJXHQ]D��DQFKH�OD�ORWWD�DOO¶RLGLR�q�ULVXOWDWD�QRQ�RWWLPDOH��FRQ�XQD�GLIIXVLRQH�
GHOOD�PDODWWLD�DEEDVWDQ]D�HOHYDWD�JLj�DOOD�ILQH�GL�PDJJLR��
���$O� FDPSLRQDPHQWR� SUHOLPLQDUH�� HIIHWWXDWR� SULPD� GL� LQL]LDUH� L� WUDWWDPHQWL�� LO� SDWRJHQR� HUD�
GLIIXVR�XQLIRUPHPHQWH�VX�WXWWR�LO�FDPSR�GL�SURYD�H�SUHVHQWH�VRSUDWWXWWR�VXOOH�IRJOLH�PHQWUH�VXL�
IUXWWL�O¶DWWDFFR�ULVXOWDYD�PROWR�SL��EDVVR���
�
�
� �
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)LJXUD����$QGDPHQWR�PHWHRURORJLFR�QHO�������OH�IUHFFH�LQGLFDQR�L�WUDWWDPHQWL��
�

��
�
���,O� FRQWUROOR� ILQDOH�� HIIHWWXDWR� LO� ��� JLXJQR� �WDEHOOD�� ���� KD� HYLGHQ]LDWR� QHO� WHVWLPRQH� XQ�
LQFUHPHQWR� QRWHYROH� GHOO¶LQIH]LRQH� VLD� VXOOH� IRJOLH� ���������� FKH� VXL� IUXWWL� ������1HOOH� WHVL�
WUDWWDWH�O¶LQFLGHQ]D�GHOOD�PDODWWLD�q�ULVXOWDWD�PROWR�SL��OLHYH��FRQ�YDORUL�FRPSUHVL�IUD�������H�����
��VXOOH�IRJOLH�H�IUD�������H������VXL�IUXWWL��/D�SHUFHQWXDOH�GL�IRJOLH�H�IUXWWL�FROSLWL�QHOOD�WHVL�
]ROIR� q� ULVXOWDWD� OHJJHUPHQWH� VXSHULRUH� ULVSHWWR� DOOH� DOWUH� WHVL� WUDWWDWH�� PHQWUH� EXSLULPDWH� KD�
HYLGHQ]LDWR� L� ULVXOWDWL�PLJOLRUL��FRQ��������GL� IRJOLH�DWWDFFDWH�H�������GL� IUXWWL�FROSLWL��6XOOH�
IRJOLH� q� VWDWD� ULVFRQWUDWD� XQD� GLIIHUHQ]D� VLJQLILFDWLYD� IUD� LO� WHVWLPRQH� H� OH� DOWUH� WHVL� VHQ]D�
GLIIHUHQ]H� VLJQLILFDWLYH� IUD� TXHVWH�� 6XL� IUXWWL� WXWWH� OH� WHVL� VRWWRSRVWH� DO� WUDWWDPHQWR� VL� VRQR�
GLIIHUHQ]LDWH� VWDWLVWLFDPHQWH� GDO� WHVWLPRQH�� EXSLULPDWH� KD� HYLGHQ]LDWR� XQD� GLIIHUHQ]D�
VLJQLILFDWLYD�ULVSHWWR�D�7KLRSURQ��PHQWUH�QRQ�VRQR�HPHUVH�GLIIHUHQ]H�VLJQLILFDWLYH�IUD�7KLRSURQ�
H�$UPLFDUE��
�
7DEHOOD���±�5LVXOWDWL�GHOOD�SURYD����� 

)RUPXODWR� 5LOLHYR�SUHOLPLQDUH������� 5LOLHYR������
��IRJOLH�FROSLWH� ��IUXWWL�FROSLWL� ��IRJOLH�FROSLWH� ��IUXWWL�FROSLWL�

7HVWLPRQH�Q��W��� �����D� ����D� ������D����� ��D�
7KLRSURQ� ����D� �����D� ����E������������ ����E��������
$UPLFDUE���� ����D� �����D� ��E�������� ����EF��������
1LPURG�����

(:� �����D� ��D� �����E�������� �����F��������
'DWH�GHL�WUDWWDPHQWL�����������������������������������������������������������������
����$� OHWWHUH�GLIIHUHQWL� QHOOD� VWHVVD�FRORQQD�FRUULVSRQGH�XQD�GLIIHUHQ]D�VWDWLVWLFDPHQWH�VLJQLILFDWLYD� �S���
�������7HVW�61.�����*UDGR�G¶D]LRQH�SHUFHQWXDOH�FDOFRODWR�VHFRQGR�$EERWW�
�
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3URYD������
���/H�FRQGL]LRQL�FOLPDWLFKH�GHOOD�SULPDYHUD�±�LQL]LR�HVWDWH������VRQR�ULVXOWDWH�IDYRUHYROL�DOOR�
VYLOXSSR�GHOO¶RLGLR�H�O¶DOWHUQDQ]D�GL�SHULRGL�FRQ�HOHYDWD�WHPSHUDWXUH�DG�DOWUL�FRQ�DOWD�XPLGLWj�KD�
GHWHUPLQDWR� XQ¶HOHYDWD� SUHVVLRQH� GHO� SDWRJHQR�� 1RQRVWDQWH� O¶DEELQDPHQWR� FRQ� SURGRWWL�
DQWLRLGLFL�QHL�WUDWWDPHQWL�FRQWUR�OD�WLFFKLRODWXUD�HVHJXLWL�SULPD�GHOO¶LQL]LR�GHOOD�SURYD��OD�PDODWWLD�
HUD� JLj�SUHVHQWH� VXOOH�SLDQWH� ILQ�GDOOD� VHFRQGD�PHWj�GL�PDJJLR�� ,O� FDPSLRQDPHQWR� HIIHWWXDWR�
SULPD�GHOO¶LQL]LR�GHL�WUDWWDPHQWL�KD�LQIDWWL�HYLGHQ]LDWR�FRPH�O¶RLGLR�IRVVH�GLIIXVR��LQ�WXWWH�OH�WHVL��
�
)LJXUD�����$QGDPHQWR�PHWHRURORJLFR�������OH�IUHFFH�LQGLFDQR�L�WUDWWDPHQWL��
�

�
�
���1HO� ULOLHYR� VXFFHVVLYR�� ���� JLXJQR�� QHO� WHVWLPRQH� QRQ� WUDWWDWR� O¶DWWDFFR� KD� FRQWLQXDWR� D�
SURJUHGLUH��LQFLGHQ]D��������VX�IRJOLH�H��������VXL�IUXWWL���/H�WHVL�WUDWWDWH�KDQQR�PRVWUDWR�XQ�
FRQWUROOR�GHOO¶RLGLR�VXOOH�QXRYH�IRJOLH��GD������D������PHQWUH�VXL�IUXWWL�VL�q�RVVHUYDWR�XQ�OHJJHUR�
DXPHQWR�GHOO¶DWWDFFR��GD������D��������WDEHOOD�������7XWWH�OH�WHVL�WUDWWDWH�VRQR�VWDWLVWLFDPHQWH�
PLJOLRUL�ULVSHWWR�DO�WHVWLPRQH�VLD�SHU�L�IUXWWL�FKH�SHU�OH�IRJOLH�3HU�TXDQWR�ULJXDUGD�OH�IRJOLH�QRQ�
ULVXOWDQR�GLIIHUHQ]H�VLJQLILFDWLYH�IUD�L�GLYHUVL�WUDWWDPHQWL�PHQWUH��VXL�IUXWWL��EXSLULPDWH�GLIIHULVFH�
VWDWLVWLFDPHQWH�GD�$UPLFDUE����PD�QRQ�GD�7KLRSURQ���
���,O�FDPSLRQDPHQWR�ILQDOH�HIIHWWXDWR�LO���OXJOLR�KD�HYLGHQ]LDWR�FRPH�O¶DWWDFFR�QHO�WHVWLPRQH�q�
XOWHULRUPHQWH�DXPHQWDWR� VLD�VXOOH� IRJOLH�FKH� VXL� IUXWWL��1HOOH�WHVL� WUDWWDWH�� O¶RLGLR�q� ULPDVWR�DL�
OLYHOOL�GHO�FRQWUROOR�SUHFHGHQWH��VLD�SHU�TXDQWR�ULJXDUGD�OH�IRJOLH��GD������D���������VLD�SHU�L�
IUXWWL� �GD� ��� D� �������� 3HU� TXDQWR� ULJXDUGD� OH� IRJOLH� VL� ULOHYD� FRPH� EXSLULPDWH� GLIIHULVFD�
VWDWLVWLFDPHQWH� VLD� GD�7KLRSURQ� FKH� GD�$UPLFDUE� ���� 3HU� TXDQWR� ULJXDUGD� L� IUXWWL�� L� SURGRWWL�
VDJJLDWL�QRQ�GLIIHULVFRQR�VWDWLVWLFDPHQWH�WUD�ORUR��
�
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7DEHOOD����5LVXOWDWL�GHOOD�SURYD������ 

)RUPXODWR�
5LOLHYR�SUHOLPLQDUH����� 5LOLHYR������ 5LOLHYR�����
��IRJOLH�
FROSLWH�

��IUXWWL�
FROSLWL�

��IRJOLH�
FROSLWH�

��IUXWWL�
FROSLWL�

��IRJOLH�
FROSLWH�

��IUXWWL�
FROSLWL�

7HVWLPRQH�Q��W�� ���D� �����D� ������D� �����D� ������D��� ������D�

7KLRSURQ� ���D� ����D� ����E� ����EF� �����E�
��������

�����E�
�������

$UPLFDUE���� ������D� ����D� ��E� ����E� ����E�������� �����E�
�������

1LPURG�����(:� �����D� �����D� ����E�� ����F� ����F�������� ��E��������
'DWH�GHL�WUDWWDPHQWL������������������
�����$�OHWWHUH�GLIIHUHQWL�QHOOD�VWHVVD�FRORQQD�FRUULVSRQGH�XQD�GLIIHUHQ]D�VWDWLVWLFDPHQWH�VLJQLILFDWLYD�
�S����������7HVW�61.�
����*UDGR�G¶D]LRQH�SHUFHQWXDOH�FDOFRODWR�VHFRQGR�$EERWW�
�

&21&/86,21,�
���7XWWL�L�SURGRWWL�VDJJLDWL�KDQQR�IRUQLWR�EXRQL�ULVXOWDWL�QHO�FRQWUROOR�GHOO¶RLGLR�GHO�PHOR��1HL�GXH�
DQQL�RJJHWWR�GL�SURYD�EXSLULPDWH��1LPURG�����(:��KD�FRPSOHVVLYDPHQWH�IRUQLWR�EXRQL�ULVXOWDWL�
GL�HIILFDFLD�QHO�FRQWHQLPHQWR�HUDGLFDQWH�GHOO¶RLGLR��7KLRSURQ��D�EDVH�GL�]ROIR��H�$UPLFDUE����D�
EDVH�GL�ELFDUERQDWR�GL�SRWDVVLR��KDQQR�IRUQLWR�XQD�HIILFDFLD�OHJJHUPHQWH�LQIHULRUH�DOOR�VWDQGDUG�
FKLPLFR�GL�ULIHULPHQWR�PD�VHQ]D�GLIIHUHQ]H�VLJQLILFDWLYH�WUD�GL�ORUR��9D�ULFRUGDWR�FKH�LO�IRUPXODWR�
$UPLFDUE����ULVXOWD�DXWRUL]]DWR�VX�SRPDFHH�SHU�LO�FRQWHQLPHQWR�GHOOD�WLFFKLRODWXUD�PD�QRQ�SHU�
O¶RLGLR��'XUDQWH�OD�SURYD�QRQ�VRQR�LQILQH�VWDWL�RVVHUYDWL�IHQRPHQL�GL�ILWRWRVVLFLWj�VX�IRJOLH�H�IUXWWL�
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