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7KH�REMHFWLYH�RI�WKH�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�H[LVWHQFH�RI�SRVVLEOH�LQWHUDFWLRQV�EHWZHHQ�WKH�
DPRXQW� RI� Venturia inaequalis� DVFRVSRUHV� PRQLWRUHG� ZLWK� VSRUHWUDSV�� DQG� WKH� FOLPDWLF�
FRQGLWLRQV�LQ�WKH�RYHUZLQWHULQJ�VHDVRQ��LQ�RUGHU�WR�SUHGLFW�WKH�RYHUDOO�DPRXQW�RI�DVFRVSRUHV�LQ�
WKH�VXEVHTXHQW�VHDVRQ��7KH�VWXG\�RI�WKH�UHJUHVVLRQ�EHWZHHQ�GLIIHUHQW�FOLPDWLF�SDUDPHWHUV�DQG�
WKH�RYHUDOO�DPRXQW�RI�WKH�DVFRVSRUHV�UHOHDVHG�VKRZV�D�FORVH�FRUUHODWLRQ�DPRQJ�WKH�ODWWHU��WKH�
FXPXODWHG� UDLQIDOO� DQG� WKH� KHDW� XQLW�6� �!��&�� GXULQJ� WKH� UDLQV� LQ� WKH� RYHUZLQWHULQJ�PRQWKV�
�1RYHPEHU� WR� )HEUXDU\��� 7KH� VWXG\� VKRZHG� WKDW� LW� LV� SRVVLEOH� WR� SUHGLFW� WKH� SRWHQWLDO�
DVFRVSRUH�DPRXQW�DQG�WKHUHIRUH�WKH�UHODWLYH�ULVN�RI�DVFRVSRULF�SULPDU\�VHDVRQ�ZLWK�D�VXIILFLHQW�
GHJUHH�RI�UHOLDELOLW\��E\�REVHUYLQJ�WKH�FOLPDWLF�FRQGLWLRQV�RI�WKH�DXWXPQ���ZLQWHU�SHULRG��
.H\ZRUGV��YROXPHWULF�VSRUH�VDPSOHU��FOLPDWH��DSSOH�VFDE�
�

,1752'8=,21(��
���/D� WLFFKLRODWXUD� GHO� PHOR�� FDXVDWD� GD� Venturia inaequalis �&RRN�� :LQW��� FRVWLWXLVFH�
O¶DYYHUVLWj�IXQJLQD�GL�PDJJLRU�ULOLHYR�SHU�OD�PHOLFROWXUD�LQ�,WDOLD���
���V. inaequalis� VRSUDYYLYH� WUDVFRUUH� O¶LQYHUQR� SULQFLSDOPHQWH� FRPH� SVHXGRWHFLR� VXOOH� IRJOLH�
LQIHWWH�FDGXWH�D�WHUUD��/D�OXFH�PLJOLRUD�OD�SURGX]LRQH�GHJOL�SVHXGRWHFL�H�OD�ORUR�IRUPD]LRQH�VL�
ULGXFH� VLJQLILFDWLYDPHQWH� TXDQGR� OH� IRJOLH� VYHUQDQR� QHOO
RVFXULWj� �+LUVW� H� 6WHGPDQ�� �������
/
XPLGLWj� VYROJH� XQ� UXROR� FKLDYH�� /D� SLRJJLD� q� QHFHVVDULD� SHU� OD� FUHVFLWD� GHO� PLFHOLR� QHOOD�
ODPLQD� IRJOLDUH� H� SHU� O
LQL]LD]LRQH� GHOOR� VWDGLR� DVFHQGHQWH� �0DF+DUG\�� ������� /R� VYLOXSSR�
GHJOL�SVHXGRWHFL�LQL]LD�WUD�QRYHPEUH�H�GLFHPEUH�H�FRQWLQXD�D�SURJUHGLUH�TXDQGR�OH�FRQGL]LRQL�
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GL� XPLGLWj� H� WHPSHUDWXUD� ULVXOWDQR� IDYRUHYROL� �6LQJK� 	� .XPDU�� ������� *OL� SVHXGRWHFL� VL�
VYLOXSSDQR� OHQWDPHQWH�GXUDQWH� L� SHULRGL� GL� VLFFLWj� H�PDWXUDQR� UDSLGDPHQWH�GXUDQWH� L� SHULRGL�
SLRYRVL� �:LOVRQ�� �������/D� IRUPD]LRQH�GHJOL� SVHXGRWHFL� H� OD�PDWXUD]LRQH�GHOOH� DVFRVSRUH� VL�
YHULILFDQR� DG�XQD�YDVWD�JDPPD�GL� WHPSHUDWXUH� �2
/HDU\� H�6XWWRQ�� �������/D� IDVH� HSLGHPLFD�
SL�� FULWLFD� q� TXHOOD� GHWHUPLQDWD� GDOOH� LQIH]LRQL� SULPDULH�� RULJLQDWH� GDOOH� DVFRVSRUH� ULODVFLDWH�
GDJOL�SVHXGRWHFL�VYHUQDQWL�QHO�FRUVR�GHOOH�SLRJJH�GHL�PHVL�SULPDYHULOL���
���/D�GLIHVD�FRQ�L�IXQJLFLGL��GL�VLQWHVL�FKLPLFD�R�LQRUJDQLFL��KD�SHUWDQWR�FRPH�RELHWWLYR�TXHOOR�
GL�FRQWUDVWDUH�OH�LQIH]LRQL�DVFRVSRULFKH�QHO�SHULRGR�GL�UHFHWWLYLWj�GHOOD�FROWXUD��FRPSUHVR�WUD�OD�
IDVH� GL� RUHFFKLHWWH� GL� WRSR� ILQR� D� TXHOOD� GL� IUXWWR� QRFH��� DWWUDYHUVR� LQWHUYHQWL� SUHYHQWLYL� R�
WHPSHVWLYL���
���3HU�RWWLPL]]DUH�OD�WHPSLVWLFD�GHJOL�LQWHUYHQWL�FRQ�L�IXQJLFLGL��VL�ULFRUUH�DOO¶LPSLHJR�GL�PRGHOOL�
SUHYLVLRQDOL� R� '66� �decision supporting system�� L� TXDOL�� LQ� EDVH� DL� SULQFLSDOL� SDUDPHWUL�
DPELHQWDOL�� VRQR� LQ�JUDGR�GL� VLPXODUH� OD�GLQDPLFD�GL� ULODVFLR�GHOOH�DVFRVSRUH�QHO�FRUVR�GHOOD�
VWDJLRQH� �5RVVL� HW� DO��� �������1HVVXQR� GL� WDOL� VLVWHPL� SHUz� q� LQ� JUDGR� GL� VWDELOLUH� D� SULRUL�� LO�
SRWHQ]LDOH�GL�LQRFXOR�GL�V. inaequalis��RYYHUR�O¶HQWLWj�FRPSOHVVLYD�GHL�ULODVFL�GL�DVFRVSRUH�QHO�
FRUVR�GHOO¶DQQDWD��FKH�q�FRUUHODWD�GXQTXH�DO�JUDGR�GL�SHULFRORVLWj�GHOOD�PDODWWLD� �$\ORU�'�(���
�������(¶�SRVVLELOH�GHWHUPLQDUH�TXHVWR�DVSHWWR�FRQ�LO�PRQLWRUDJJLR�UHDOH�GHO�YROR�GL�DVFRVSRUH��
UHDOL]]DELOH�DWWUDYHUVR�O¶LPSLHJR�GL�FDPSLRQDWRUL�YROXPHWULFL�GHOOH�SDUWLFHOOH�DHURGLIIXVH��GHWWL�
SL�� FRPXQHPHQWH� FDSWDVSRUH��� L� TXDOL� SHUz� IRUQLVFRQR� XQ� GDWR� FRQVXQWLYR� DO� WHUPLQH� GHOOD�
VWDJLRQH� SULPDULD�� *DGRXU\� H� 0F+DUG\� QHO� ����� KDQQR� LSRWL]]DWR� GL� VWLPDUH� OD� GRVH�
SRWHQ]LDOH�DVFRVSRULFD��3$'��DWWUDYHUVR�OD�VWLPD�GHO�QXPHUR�GL�OHVLRQL�SHU�PHWUR�TXDGUDWR�GL�
VXSHUILFLH�IRJOLDUH�D�FDGXWD�IRJOLH��/D�VWLPD�VHFRQGR�JOL�DXWRUL�q�UHVD�QHFHVVDULD��LQ�TXDQWR�OH�
DVFRVSRUH�FDWWXUDWH�FRQ�XQ�FDSWDVSRUH�QRQ�ULVXOWDYD�DGDWWR�SHU�GHWHUPLQDUH�OD�GRVH�SRWHQ]LDOH�
DVFRVSRULFD�DQQXDOH��6HPSUH�VHFRQGR�JOL�DXWRUL�EDVVL�OLYHOOL�GL�3$'�SRUWDYDQR�D�ULWDUGL�GD���D�
��� JLRUQL� GHO� SULPR� ULODVFLR� DVFRVSRULFR��0F+DUG\� VYLOXSSz� OD� WHFQLFD� GHO� FDPSLRQDPHQWR�
VHTXHQ]LDOH� SHU� RYYLDUH� DOOD� ODERULRVLWj� FKH� OD� VWLPD� GHO� 3$'� ULFKLHGHYD�� �0F+DUG\� HW� DO���
��������
���6FRSR� GHO� SUHVHQWH� ODYRUR� q� VWDWR� SHUWDQWR� TXHOOR� GL� LQGDJDUH� O¶HVLVWHQ]D� GL� SRVVLELOL�
LQWHUD]LRQL�WUD� LO�SRWHQ]LDOH�DVFRVSRULFR�FRPSOHVVLYR�GHO�IXQJR��PRQLWRUDWR�FRQ�FDSWDVSRUH��H�
O¶DQGDPHQWR�PHWHRURORJLFR�GXUDQWH�OD�IDVH�GL�VYHUQDPHQWR��LQ�PRGR�GD�SRWHUH�VLPXODUH�VLD�LO�
PRPHQWR�GHOO¶DYYLR�GHL� ULODVFL��FKH� O¶HQWLWj�FRPSOHVVLYD�GHJOL� VWHVVL�QHO�FRUVR�GHOOD� VWDJLRQH�
VXFFHVVLYD���
�
�

0$7(5,$/,�(�0(72',�
���/¶LQGDJLQH�q�VWDWD�FRQGRWWD�GXUDQWH�LO�TXLQTXHQQLR����������LQ�XQ�PHOHWR�FRVWLWXLWR�GDOOH�FY�
)XML�)XEUD[�H�6XSHUVWD\PDQ�VLWR�LQ�ORFDOLWj�6��/RUHQ]R�QHO�FRPXQH�GL�/XJR��5$���DOOHYDWR�D�
IXVHWWR� H� SURYYLVWR� GL� VLVWHPD� GL� PLFURLUULJD]LRQH� D� JRFFLD�� VWRULFDPHQWH� DIIHWWR� GD� JUDYL�
HSLGHPLH�GL�V. inaequalis���
���$OO¶LQWHUQR� GHOO¶DSSH]]DPHQWR� YHQLYD� FUHDWD� XQD� SDUFHOOD� VSLD� GRYH� QRQ� HUDQR� HIIHWWXDWL�
LQWHUYHQWL� FRQ� IXQJLFLGL� QHL� FRQIURQWL� GHOOD� WLFFKLRODWXUD�� DOO¶LQWHUQR� GHOOD� TXDOH� YHQLYD�
SRVL]LRQDWR�XQ�FDSWDVSRUH�YROXPHWULFR� �/DQ]RQL�PRG��9336�������SRVWR�D����FP�GDO�VXROR��
FKH�ULOHYDYD�L�YROL�GL�DVFRVSRUH�GL V. inaequalis�QHO�SHULRGR�GL�PDJJLRU�VHQVLELOLWj�GHOOD�FROWXUD�
DOOH�LQIH]LRQL�SULPDULH��RYYHUR�WUD�OD�IDVH�GL�RUHFFKLHWWH�GL�WRSR�H�TXHOOD�GL�IUXWWR�QRFH��GDO���
PDU]R� DO� ��� PDJJLR��� � /H� OHWWXUH� GHL� QDVWUL� GHO� FDSWDVSRUH�� UHDOL]]DWH� GRSR� RJQL� SLRJJLD� R�
SHULRGR� GL� SLRJJH� H� FRPXQTXH� FRQ� XQ� WXUQR� PDVVLPR� VHWWLPDQDOH�� YHQLYDQR� HIIHWWXDWH� LQ�
ODERUDWRULR�� DWWUDYHUVR� OD� SUHSDUD]LRQH� GL� YHWULQL� JLRUQDOLHUL� RVVHUYDWL� WUDPLWH� PLFURVFRSLR�
RWWLFR�1LNRQ�PRG��(FOLSVH�(�����FRQ�XQD� OHQWH�GD����� LQJUDQGLPHQWL�� ,�GDWL� UHJLVWUDWL� HUDQR�
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ULIHULWL� DL� YDORUL� FRPSOHVVLYL� GL� DVFRVSRUH� RVVHUYDWH� DWWUDYHUVR� OD� VFDQVLRQH� RWWLFD� GL� �� OLQHH�
RUL]]RQWDOL�HTXLGLVWDQWL�GL�RJQL�YHWULQR�VHFRQGR�LO�SURWRFROOR�$,$��0DQGULROL���������
���,�GDWL�PHWHRURORJLFL�XWLOL]]DWL�VRQR�VWDWL�TXHOOL� UHJLVWUDWL�GDOOD�VWD]LRQH�$53$(�GL�6��$JDWD�
VXO�6DQWHUQR��5$���SRVWD�D�SRFD�GLVWDQ]D�GDO�PHOHWR�RJJHWWR�GHOOD�YHULILFD���
���6RQR�VWDWH� ULFHUFDWH�GHOOH�FRUUHOD]LRQL� WUD� O¶DQGDPHQWR�PHWHR�GHL�PHVL�DXWXQQR� ±� LQYHUQDOL�
�GDO���QRYHPEUH�DO����IHEEUDLR��H�LO�ULODVFLR�FRPSOHVVLYR�GL�DVFRVSRUH�QHO�FRUVR�GHL�VXFFHVVLYL�
PHVL�SULPDYHULOL���
*OL�LQGLFL�FOLPDWLFL�FDOFRODWL�VRQR�VWDWL���

� SUHFLSLWD]LRQH�WRWDOH�FXPXODWD��PP����
� Q��GL�JLRUQL�SLRYRVL���
� RUH�GL�EDJQDWXUD�FRPSOHVVLYH���
� RUH�GL�EDJQDWXUD�D�VHJXLWR�GL�XQD�SLRJJLD�!�����PP���
� VRPPDWRULD�WHUPLFD�GHOO¶LQWHUR�SHULRGR�FRQVLGHUDWR��VRJOLD���&����
� VRPPDWRULD�WHUPLFD�GXUDQWH�OH�SLRJJH��VRJOLD���&���

���(¶�VWDWD�GDSSULPD�FDOFRODWD�XQD�PDWULFH�GL�FRUUHOD]LRQH� WUD�JOL� LQGLFL�FOLPDWLFL� GHVFULWWL� H� LO�
QXPHUR� WRWDOH� GL� DVFRVSRUH� FDWWXUDWH� QHOOH� GLYHUVH� DQQDWH��8QD�YROWD� LGHQWLILFDWH� OH� YDULDELOL�
FOLPDWLFKH�PDJJLRUPHQWH�FRUUHODWH�FRQ�OH�DVFRVSRUH��q�VWDWD�FDOFRODWD�XQD�UHJUHVVLRQH�PXOWLSOD��
YDOXWDWD� DWWUDYHUVR� LO� FRHIILFLHQWH� 5�� FRUUHWWR�� OD� VLJQLILFDWLYLWj� GHOOD� UHJUHVVLRQH� H� GHL�
FRHIILFLHQWL�GL�UHJUHVVLRQH��

�
�

5,68/7$7,���
���,� YDORUL� GHL� SDUDPHWUL� FOLPDWLFL� SHU� LO� SHULRGR�GL� RVVHUYD]LRQH� LQ�RJJHWWR�� VRQR� ULSRUWDWL� LQ�
WDEHOOD����$OO¶DQGDPHQWR�GHL�ULODVFL�FRPSOHVVLYL�GL�DVFRVSRUH�FKH�UDSSUHVHQWD�LO�SRWHQ]LDOH�GL�
LQRFXOR�PDWXUDWR�QHO�FRUVR�GHOOD�VWDJLRQH�LQYHUQDOH��q�VWDWR�GDWR�DUELWUDULDPHQWH�XQD�FODVVH�GL�
ULVFKLR� VXOOD� EDVH� GHOOD� TXDQWLWj� GL� DVFRVSRUH� ULODVFLDWH� GXUDQWH� OD� VWDJLRQH� SULPDULD� �EDVVR �
������PHGLR� �GD�����D������HOHYDWR� �!�����WDEHOOD�����
���'DOOR�VWXGLR�GHOOD�FRUUHOD]LRQH�WUD�L�SDUDPHWUL�FOLPDWLFL�FDOFRODWL�H�LO�ULODVFLR�GL�DVFRVSRUH�QHO�
FRUVR� GHOOD� VWDJLRQH� �WDEHOOD� ���� HPHUJH� XQD� FRUUHOD]LRQH� PROWR� VWUHWWD� WUD� OD� SUHFLSLWD]LRQH�
FXPXODWD�� OD� 6� WHUPLFD� �!��&�� GXUDQWH� OH� SLRJJH� GHL� PHVL� DXWXQQR� ±� LQYHUQDOL� � H� O¶HQWLWj�
FRPSOHVVLYD� GL� VSRUH� PRQLWRUDWH� QHL� VXFFHVVLYL� PHVL� SULPDYHULOL� �U ����� H� U ������
ULVSHWWLYDPHQWH����
���(¶� VWDWD� SRL� FDOFRODWD� XQD� UHJUHVVLRQH� OLQHDUH� PXOWLSOD� SHU� LGHQWLILFDUH� OD� UHOD]LRQH�
PDWHPDWLFD�WUD�OD�YDULDELOH�GLSHQGHQWH��VSRUH�FDWWXUDWH�QHL�PHVL�SULPDYHULOL��H�OH�GXH�YDULDELOL�
LQGLSHQGHQWL� LGHQWLILFDWH� DWWUDYHUVR� O¶DQDOLVL� GHOOD� FRUUHOD]LRQH�� HVSUHVVD� GDOOD� VHJXHQWH�
HTXD]LRQH��
�

\� ������
[���������
[������������
�
GRYH�\�UDSSUHVHQWD�LO�ULODVFLR�FRPSOHVVLYR�GL�DVFRVSRUH�QHO�FRUVR�GHOOD�VWDJLRQH�SULPDYHULOH��

[��OD�SUHFLSLWD]LRQH�FXPXODWD�LQ�PP�GHL�SUHFHGHQWL�PHVL�DXWXQQR�±�LQYHUQDOL��[��OD�6�WHUPLFD�
�!��&��GXUDQWH�OH�SLRJJH�GHL�PHVL�DXWXQQR�±�LQYHUQDOL��7DOH�UHJUHVVLRQH�q�ULVXOWDWD�DOWDPHQWH�
VLJQLILFDWLYD��3�������FRVu�FRPH�VRQR�ULVXOWDWL�VLJQLILFDWLYL�L�FRHIILFLHQWL�GL�UHJUHVVLRQH��FKH�KD�
PRVWUDWR�XQ�5��FRUUHWWR ������WDEHOOD�����
�

�
�
�
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7DEHOOD����3DUDPHWUL�FOLPDWLFL�FRQVLGHUDWL�QHO�TXLQTXLHQQLR������±������
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7DEHOOD����5LODVFL�FRPSOHVVLYL�GL�DVFRVSRUH�

$QQR� 6�FDWWXUH�DVFRVSRUH�QHO�FRUVR�GHOOD�SULPDYHUD�
�PDU]R�±�PDJJLR��

3RWHQ]LDOH�GL�LQRFXOR�
DVFRVSRULFR�

����� ����� (OHYDWR�

����� ���� 0HGLR�

����� ���� %DVVR�

����� ����� (OHYDWR�

����� ���� 0HGLR�
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7DEHOOD����0DWULFH�GL�FRUUHOD]LRQH��FRHIILFLHQWH�GL�FRUUHOD]LRQH�GL�3HDUVRQ��

  6�FDWWXUH� 3LRJJLD�
PP�

2UH�GL�
EDJQDWXU
D�GXUDQWH�
OH�SLRJJH�

6RPPD�
WHUPLFD�!��
GXUDQWH�OH�
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���'DO� TXLQTXHQQLR� GL� RVVHUYD]LRQL� HPHUJH� GXQTXH� FKH� VHPEUD� SRVVLELOH� SUHYHGHUH�� FRQ� XQ�
VXIILFLHQWH� JUDGR� GL� DWWHQGLELOLWj�� O¶HQWLWj� FRPSOHVVLYD� GHL� ULODVFL� GL� DVFRVSRUH� QHO� FRUVR� GHL�
PHVL�SULPDYHULOL� �FKH�q�FRUUHODWD�DO�JUDGR�GL�SHULFRORVLWj�GHOOD�PDODWWLD���DWWUDYHUVR�OD�PLVXUD�
GHOOH� SUHFLSLWD]LRQL� FXPXODWH� H� GHOOD� 6� WHUPLFD� �!��&�� GXUDQWH� OH� SLRJJH� QHO� FRUVR� GHL�
SUHFHGHQWL�PHVL�DXWXQQR�±�LQYHUQDOL��QRYHPEUH�±�IHEEUDLR���&Lz�UDSSUHVHQWD�LO�ULVXOWDWR�GL�XQR�
VWXGLR�SUHOLPLQDUH�LQ�TXDQWR�VYROWR�LQ�XQD�VROD�ORFDOLWj�PD�WXWWDYLD�SHU�XQ�SHULRGR�SUROXQJDWR�
GL� �� DQQL�� 3XU� WHQHQGR� FRQWR� GL� WXWWL� L� OLPLWL� FKH� OR� VWXGLR� FRPSRUWD�� L� ULVXOWDWL� VRQR�
LQFRUDJJLDQWL�HVVHQGR�LQ�JUDGR�GL�VWLPDUH�LQGLUHWWDPHQWH�LO�SRWHQ]LDOH�GL�LQRFXOR�GHO�SDWRJHQR�
H�IRUQLUH�D�WHFQLFL�HG�DJULFROWRUL�LQIRUPD]LRQL�VXOOD�VXFFHVVLYD�VWDJLRQH�SULPDULD���
�
5LQJUD]LDPHQWL��
6L� ULQJUD]LD� O¶D]LHQGD� 9HUOLFFKL� (URV� SHU� DYHU� FRQFHVVR� O¶RVSLWDOLWj� SHU� O¶HVHFX]LRQH� GHOOH�
SURYH�� H� LO� VLJ�� %DOGDVVDUUL� *LDQQL� SHU� DYHU� FROODERUDWR� QHOOH� RSHUD]LRQL� FROWXUDOL� GL�
PDQWHQLPHQWR�GHO�FDPSR�SURYD��
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