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��6HWWRUH�)LWRVDQLWDULR�H�VHUYL]L�WHFQLFR�VFLHQWLILFL���9LD�/LYRUQR������������7RULQR�

��9LJQDLROL�3LHPRQWHVL���9LD�$OED������������&DVWDJQLWR��&1��
��6$*($�&HQWUR�GL�6DJJLR���9LD�6��6XGDULR������������&DVWDJQLWR��&1��

��'LSDUWLPHQWR�GL�6FLHQ]H�SHU�JOL�$OLPHQWL�OD�1XWUL]LRQH�H�O¶$PELHQWH��8QLYHUVLWj��
GHJOL�6WXGL�GL�0LODQR���9LD�&HORULD�����������0LODQR�

JLRYDQQL�ERVLR#UHJLRQH�SLHPRQWH�LW��
�

5,$668172��
1HO� WULHQQLR� ���������� VRQR� VWDWH� UHDOL]]DWH� SURYH� GL� ORWWD� FRQWUR� JOL� DGXOWL� GL� Popillia 
japonica�LQ�YLJQHWL�GHO�1RYDUHVH�SHU�YHULILFDUH�O¶D]LRQH�GL�FRQWHQLPHQWR�GL�DOFXQL�LQVHWWLFLGL�GL�
VLQWHVL� H� GL� VRVWDQ]H� FRQ� SRVVLELOH� D]LRQH� UHSHOOHQWH� H�R� IDJRGHWHUUHQWH�� $G� HFFH]LRQH� GHO�
SULPR� DQQR�� LO� GLVHJQR� VSHULPHQWDOH� KD� SUHYLVWR� EORFFKL� UDQGRPL]]DWL� FRQ� �� R� �� ULSHWL]LRQL��
6RQR�VWDWL�HIIHWWXDWL�ULOLHYL�SHU�YDOXWDUH�O¶HIILFDFLD�GHOOH�VRVWDQ]H�XWLOL]]DWH�WUDPLWH�LO�FRQWHJJLR�
GHJOL� DGXOWL� VXOOD� YHJHWD]LRQH��PHQWUH� LQ� ODERUDWRULR� q� VWDWD� YDOXWDWD� O¶D]LRQH� FROODWHUDOH� VXL�
ILWRVHLGL�WUDPLWH�RVVHUYD]LRQL�GHOOH�IRJOLH�DOOR�VWHUHRPLFURVFRSLR��,QROWUH�q�VWDWD�HIIHWWXDWD�XQD�
VWLPD� GHL� OLYHOOL� GL� GHIRJOLD]LRQH� QHOOH� GLYHUVH� WHVL�� 6RQR� VWDWL� ULVFRQWUDWL� OLYHOOL� GL� HIILFDFLD�
VHQVLELOPHQWH�GLYHUVL�SHU�LQVHWWLFLGL�DSSDUWHQHQWL�DQFKH�DOOD�VWHVVD�IDPLJOLD�FKLPLFD��FRPH�QHO�
FDVR�GHL�SLUHWURLGL�� FRQ�YDORUL�HOHYDWL�SHU�GHOWDPHWULQD�H� ODPEGDFLDORWULQD�H�PRGHVWL�SHU� WDX�
IOXYDOLQDWH��$FHWDPLSULG�H�FORUDQWUDQLOLSUROR�KDQQR�ULYHODWR�XQD�GLVFUHWD�HIILFDFLD�� LQIHULRUH�D�
TXHOOD�GHL�GXH�SLUHWURLGL�SL��SHUIRUPDQWL�PD�DVVRFLDWD�D�XQD�EXRQD�VHOHWWLYLWj�QHL�FRQIURQWL�GHL�
ILWRVHLGL��7UD�L�SURGRWWL�D�EDVVR�LPSDWWR�DPELHQWDOH�VROR�LO�FDROLQR�KD�GDWR�ULVXOWDWL�LQWHUHVVDQWL��
ULGXFHQGR�O¶LQWHQVLWj�GHJOL�DWWDFFKL�QHO�FDVR�GL�LQIHVWD]LRQL�QRQ�WURSSR�HOHYDWH���
3DUROH�FKLDYH� VFDUDEHR�JLDSSRQHVH��YLJQHWR��LQVHWWLFLGL��FDROLQR��GDQQL�
�
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,Q�WKH�WKUHH�\HDU�SHULRG������������WULDOV�DJDLQVW�Popillia japonica�DGXOWV�ZHUH�FDUULHG�RXW�LQ���
D�YLQH\DUG�LQ�WKH�GLVWULFW�RI�1RYDUD��QRUWK�3LHGPRQW��WR�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�VHYHUDO�
LQVHFWLFLGHV�DQG�RWKHU�VXEVWDQFHV�ZLWK�SRVVLEOH�UHSHOOHQW�DQG�RU�SKDJRGHWHUUHQW�DFWLRQV��:LWK�
WKH�H[FHSWLRQ�RI�WKH�ILUVW�\HDU��WKH�WULDOV�ZHUH�VHW�XS�XVLQJ�IXOO�UDQGRPL]HG�EORFNV�GHVLJQ�ZLWK�
��RU���UHSOLFDWLRQV��7KH�DVVHVVPHQWV�RQ�WKH�HIILFDF\�RI�WKH�GLIIHUHQW�WUHDWPHQWV�ZHUH�SHUIRUPHG�
FRXQWLQJ�WKH�DGXOWV�RQ�WKH�JUDSHYLQH�YHJHWDWLRQ�DQG�HYDOXDWLQJ�WKH�GHIROLDWLRQ�OHYHOV��ZKLOH�WKH�
VLGH� HIIHFW� RQ� SK\WRVHLLGV�ZDV� HYDOXDWHG� LQ� ODERUDWRU\� E\� VWHUHRPLFURVFRSH� REVHUYDWLRQV� RQ�
WKH�OHDYHV��'LIIHUHQFHV�RQ�WKH�HIILFDF\�RI�WKH�LQVHFWLFLGHV�ZHUH�REVHUYHG�HYHQ�ZLWKLQ�WKH�VDPH�
FKHPLFDO� IDPLO\�� DV� LQ� WKH� FDVH� RI� S\UHWKURLGV�� ZKHUH� GHOWDPHWKULQ� DQG� ODPEGD�F\KDORWKULQ�
VKRZHG� VLJQLILFDQW� KLJKHU� YDOXHV� FRPSDUHG� WR� WDX�IOXYDOLQDWH�� $FHWDPLSULG� DQG�
FKORUDQWUDQLOLSUROH�SURYLGHG�IDLUO\�JRRG�HIILFDF\��KRZHYHU�ORZHU�ZKHQ�FRPSDUHG�WR�WKH�PRVW�
SHUIRUPLQJ�S\UHWKURLGV��EXW�DVVRFLDWHG�ZLWK�VXEVWDQWLDO�VHOHFWLYLW\�RQ�SK\WRVHLGV��$PRQJ�WKH�
RWKHU�VXEVWDQFHV��RQO\�NDROLQ�FOD\�SURYLGHG�LQWHUHVWLQJ�SHVW�FRQWURO� OHYHOV��SDUWLFXODUO\�LQ�WKH�
SUHVHQFH�RI�PHGLXP�ORZ�LQIHVWDWLRQV��
.H\ZRUGV��-DSDQHVH�EHHWOH��YLQH\DUG��LQVHFWLFLGHV��NDROLQ�FOD\��GDPDJHV�
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/D� SURJUHVVLYD� HVWHQVLRQH� GHOO¶DUHD� LQIHVWDWD� GDOOR� VFDUDEHLGH� DOORFWRQR� Popillia japonica 

1HZPDQ�� GRSR� OD� SULPD� VHJQDOD]LRQH� QHOOD� YDOOH� GHO� 7LFLQR� �3DYHVL�� ������� KD� SRUWDWR� QHO�
FRUVR�GHJOL�XOWLPL�DQQL�D�XQD�SURJUHVVLYD�FRPSDUVD�GL�DWWDFFKL�DG�RSHUD�GHJOL�DGXOWL�QHL�YLJQHWL�
GHL�&ROOL�1RYDUHVL� �%RVLR� HW� DO.�� �������/D� YLWH� HXURSHD� �Vitis vinifera�� ULVXOWD� HVVHUH�PROWR�
DWWUDWWLYD�SHU�TXHVWD�VSHFLH�HVRWLFD��DO�FRQWUDULR�GHOOD�YLWH�DPHULFDQD��V. labrusca���*OL�DGXOWL�GL�
P. japonica��VIDUIDOODQGR�D�ILQH�SULPDYHUD�LQL]LR�HVWDWH�GDL�SUDWL�H�GDL�WHUUHQL�GHVWLQDWL�D�FROWXUH�
LUULJXH�� FRPH� PDLV� H� VRLD�� WHQGRQR� D� PLJUDUH� YHUVR� DUHH� FRQ� SUHVHQ]D� ULOHYDQWH� GL� VSHFLH�
SDUWLFRODUPHQWH�JUDGLWH��WUD�FXL�DSSXQWR�OD�YLWH��FRQ�YROL�DQFKH�GL�DOFXQL�FKLORPHWUL��/D�YRUDFLWj�
GHJOL�DGXOWL��XQLWD�DO�ORUR�FRPSRUWDPHQWR�JUHJDULR��SXz�SRUWDUH�D�OLYHOOL�GL�LQIHVWD]LRQL�WDOL�GD�
SURYRFDUH�XQD�GHIRJOLD]LRQH�WRWDOH�GHOOH�YLWL�JLj�D�PHWj�OXJOLR��1HL�YLJQHWL�GL�0DUDQR�7LFLQR�
�12�� LQ� FXL� VRQR� VWDWH� HIIHWWXDWH� OH� VSHULPHQWD]LRQL� VL� q� SRWXWR� FRQVWDWDUH� XQ� SURJUHVVLYR�
LQFUHPHQWR�GHJOL�DGXOWL�QHJOL�XOWLPL�DQQL��SDVVDQGR�GD�������HVHPSODUL�SHU�YLWH�QHO������D����
���QHO�������SHU�DUULYDUH�D���������QHO�������FRQ�SLFFKL�VWLPDWL�DQFKH�GL�����������DGXOWL�SHU�
YLWH�� /D� FDUHQ]D� GL� LQIRUPD]LRQL� VXOO¶HIILFDFLD� GL� VRVWDQ]H� DWWLYH� FRQWUR� TXHVWR� VFDUDEHLGH��
VSHVVR� ULIHULWH� D� LQVHWWLFLGL� GLVSRQLELOL� QHJOL� 6WDWL�8QLWL� �HV�� FDUEDU\O�� IHQSURSDWKULQ��PD� QRQ�
DXWRUL]]DWL�LQ�(XURSD��KD�SRUWDWR�DG�DYYLDUH�XQD�VSHULPHQWD]LRQH�VXOO¶D]LRQH�GL�DOFXQH�VRVWDQ]H�
DWWLYH�H�GL�DOWUL�SURGRWWL�XWLOL]]DELOL�LQ�YLJQHWR�QHL�FRQIURQWL�GHJOL�DGXOWL�GL�P. japonica��
�

0$7(5,$/,�(�0(72',���
2OWUH� D� LQVHWWLFLGL� UHJLVWUDWL� FRPH� SUHVLGL� ILWRVDQLWDUL� LQ� YLJQHWR�� QHO� FRUVR� GL� TXHVWD�
VSHULPHQWD]LRQH� VRQR� VWDWL� WHVWDWL� SURGRWWL� QRQ� FODVVLILFDWL� FRPH� ILWRIDUPDFL� PD� FRPH�
IHUWLOL]]DQWL�� FRUURERUDQWL�� HWF��� DXWRUL]]DWL� DOO¶XVR� LQ� DJULFROWXUD� ELRORJLFD�� ,O� VDSRQH� PROOH�
ROHDWR�SRWDVVLFR� �VDOH� GL� SRWDVVLR�GL� DFLGL� JUDVVL�� q� LQVHULWR�DO� SXQWR���GHOO¶DOOHJDWR��� �$OWUH�
VRVWDQ]H� GL� XVR� WUDGL]LRQDOH� LQ� DJULFROWXUD� ELRORJLFD�� GHO� 5HJRODPHQWR� &(� Q�� ���������� ,O�
FDROLQR� �SROYHUH� GL� URFFLD� �� VLOLFDWR� GL� DOOXPLQLR��� FRPPHUFLDOL]]DWR� FRPH� ³FRUURERUDQWH�
SRWHQ]LDWRUH� GHOOH� GLIHVH� GHOOH� SLDQWH´� VHFRQGR� OD� QRUPDWLYD� QD]LRQDOH� GL� FXL� DO� '�3�5�� Q��
�������H�V�P�L��H�GHO�UHODWLYR�GHFUHWR�PLQLVWHULDOH�Q�������GHO������������q�GD�DQQL�LPSLHJDWR�
VLD�LQ�DJULFROWXUD�FRQYHQ]LRQDOH�FKH�ELRORJLFD��/D�]HROLWLWH��=HP����q�XQD�SROYHUH�GL�URFFLD�D�
SUHYDOHQWH� FRQWHQXWR� LQ� ]HROLWH� D� FKDEDVLWH�� FRPPHUFLDOL]]DWD� FRPH� ³DPPHQGDQWH��
FRUURERUDQWH� H� SRWHQ]LDWRUH� GHOOH� GLIHVH� QDWXUDOL� GHL� YHJHWDOL´�� XWLOL]]DELOH� LQ� DJULFROWXUD�
ELRORJLFD� DL� VHQVL� GHL� 5HJRODPHQWL� &(� ��������� H� ���������� .	$� 'HPRQ� q� XQ� FRQFLPH�
RUJDQLFR�D]RWDWR�FRQ�DOWR�FRQWHQXWR�LQ�]ROIR�HOHPHQWDUH���������D]RWR������H�]LQFR����������
RWWHQXWR� GD� ERUODQGH� DJURDOLPHQWDUL� IOXLGH� GL� IUXWWD� H� FHUHDOL�� LO� FXL� LPSLHJR� q� FRQVHQWLWR� LQ�
DJULFROWXUD�ELRORJLFD��5HJ��&(�Q�����������DOOHJDWR�����
$QQR������
/D�SURYD�KD�LQWHUHVVDWR�XQ�YLJQHWR�GL�0DUDQR�7LFLQR�GL�FLUFD�������PT�GL�VXSHUILFLH��YLWLJQR�

1HEELROR�� DQQR� GL� LPSLDQWR� ������ IRUPD� GL� DOOHYDPHQWR� FRQWURVSDOOLHUD�� VHVWR� ���� [� ����P��
9LVWH�OH�GLPHQVLRQL�OLPLWDWH��OD�SURYD�QRQ�KD�SUHYLVWR�ULSHWL]LRQL��,�SURGRWWL�PHVVL�D�FRQIURQWR�
LQ�XQ�XQLFR�WUDWWDPHQWR��HIIHWWXDWR�LO���OXJOLR��VRQR�ULSRUWDWL�QHOOD�WDEHOOD����3HU�L�WUDWWDPHQWL�q�
VWDWR�XWLOL]]DWR�XQ�DWRPL]]DWRUH�VSDOOHJJLDWR��6WLKO�VU�������GLVWULEXHQGR�XQD�TXDQWLWj�GL�DFTXD�
SDUL�D�����/�KD��2JQL�SURGRWWR�q�VWDWR�GLVWULEXLWR�VX�XQ�SDUFHOORQH�GL�����PT��FRQ�SUHVHQ]D�GL�
��ILODUL�GL����YLWL�FLDVFXQR���
,�ULOLHYL�VRQR�VWDWL�HIIHWWXDWL�VXOOH����YLWL�FHQWUDOL�GHO�ILODUH�PHGLDQR�GHOO¶XQLWj�VSHULPHQWDOH��

,O�FRQWHJJLR�GHJOL�DGXOWL��HIIHWWXDWR�DO�PDWWLQR�VHPSUH�VXO�ODWR�GHO�ILODUH�HVSRVWR�D�HVW��q�VWDWR�
ULSHWXWR� SL�� YROWH� GRSR� LO� WUDWWDPHQWR�� ,Q� PDQFDQ]D� GL� UHSOLFKH� GHOOH� SDUFHOOH�� TXHVWL� ULOLHYL�
VRQR�VWDWL�XWLOL]]DWL�FRPH�ULSHWL]LRQL�DL�ILQL�GHOOD�YDOXWD]LRQH�VWDWLVWLFD�GHOOD�SUHVHQ]D�PHGLD�GL�
DGXOWL�QHL�SDUFHOORQL�VRWWRSRVWL�DL�GLYHUVL�WUDWWDPHQWL��
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7DEHOOD����3URYD�������3URGRWWL�XWLOL]]DWL��GRVL�H�GDWD�GHO�WUDWWDPHQWR�
1��
WHVL� 6RVWDQ]D�DWWLYD� )RUPXODWR�

FRPPHUFLDOH�
'LWWD�GLVWULEXWULFH��

SURGXWWULFH�
'RVH�IRUPXODWR�

�KD��
'DWD�

WUDWWDPHQWR�
�� 7HVWLPRQH� � � � �
�� 7KLDPHWKR[DP� $FWDUD����:*� 6\QJHQWD� ����NJ� ��OXJOLR�
�� $FHWDPLSULG� (SLN�6/� 6LSFDP� ��/� ��OXJOLR�
�� 'HOWDPHWULQD� 'HFLV�-(7� %D\HU�&URS6FLHQFH� ����/� ��OXJOLR�
�� &ORUS\ULIRV�PHWLOH� 5HOGDQ���� 'RZ�$JUR6FLHQFHV� �����/� ��OXJOLR�
�� $]DGLUDFWLQD�$� 2LNRV� 6LSFDP� ����/� ��OXJOLR�

�
/¶DQDOLVL�VWDWLVWLFD�q�VWDWD�HIIHWWXDWD�XWLOL]]DQGR�6366�Y������WXWWL�L�GDWL�VRQR�VWDWL�VRWWRSRVWL�

DG�$QRYD�H�VROR�GRYH�QHFHVVDULR�q�VWDWR�HIIHWWXDWR�LO� WHVW�SRVW�KRF�+6'�7XNH\��3 �������3HU�
YDOXWDUH� HIIHWWL� FROODWHUDOL� VXL� ILWRVHLGL� VRQR� VWDWH� RVVHUYDWH� DOOR� VWHUHRPLFURVFRSLR� �� IRJOLH�
SUHOHYDWH�LO����DJRVWR�GD���YLWL�GHO�ILODUH�FHQWUDOH�GL�RJQL�SDUFHOORQH��4XHVWL�GDWL��LQ�DVVHQ]D�GL�
ULSHWL]LRQL��QRQ�VRQR�VWDWL�VRWWRSRVWL�DG�DQDOLVL�VWDWLVWLFD��
$QQR������
/D�SURYD�KD�LQWHUHVVDWR�XQ�YLJQHWR��FRQILQDQWH�FRQ�TXHOOR�GHOOD�SURYD�������GL�FLUFD�������

PT� GL� VXSHUILFLH�� YLWLJQR� 1HEELROR�� DQQR� GL� LPSLDQWR� ������ IRUPD� GL� DOOHYDPHQWR�
FRQWURVSDOOLHUD�FRQ�SRWDWXUD�D�*X\RW�ELODWHUDOH��VHVWR���[������P��,�SURGRWWL�PHVVL�D�FRQIURQWR��
FRQ�GRVL�H�HSRFKH�GL�LPSLHJR��VRQR�ULSRUWDWL�QHOOD�WDEHOOD����3HU�L�WUDWWDPHQWL�q�VWDWD�XWLOL]]DWD�
XQD�PRWRSRPSD�VSDOOHJJLDWD��2OHRPDF�63������GLVWULEXHQGR�XQD�TXDQWLWj�GL�DFTXD�SDUL�D�����
O�KD��,O�GLVHJQR�VSHULPHQWDOH�D�EORFFR�UDQGRPL]]DWR�KD�SUHYLVWR�LO�FRQIURQWR�GL����WHVL�FRQ���
ULSHWL]LRQL��2JQL�SDUFHOOD��GL�����PT�GL�VXSHUILFLH��HUD�FRVWLWXLWD�GD���ILODUL�GL���YLWL�FLDVFXQR��,�
ULOLHYL� VRQR�VWDWL�HIIHWWXDWL�VXOOH���YLWL�FHQWUDOL�GHO� ILODUH�PHGLDQR�GHOOH�XQLWj� VSHULPHQWDOL�� ,O�
FRQWHJJLR�GHJOL�DGXOWL�q�VWDWR�HIIHWWXDWR�FRQ�OH�VWHVVH�PRGDOLWj�GHO�������,�ULOLHYL�VXL�ILWRVHLGL�
VRQR�VWDWL�HIIHWWXDWL�SUHOHYDQGR���IRJOLD�SHU�FLDVFXQD�GHOOH���YLWL�FHQWUDOL�GHO�ILODUH�PHGLDQR�GL�
RJQL�SDUFHOOD��SHU�XQ�WRWDOH�GL����IRJOLH�SHU�WHVL��
�

7DEHOOD����3URYD�������3URGRWWL�XWLOL]]DWL��GRVL�H�GDWH�GHL�WUDWWDPHQWL�
1��
WHVL� 6RVWDQ]D�DWWLYD� )RUPXODWR�

FRPPHUFLDOH�
'LWWD�GLVWULEXWULFH��

SURGXWWULFH�
'RVH�IRUPXO��

�KD��
'DWD�

WUDWWDPHQWR�
�� 7HVWLPRQH� � � � �
�� =HROLWLWH�D�FKDEDVLWH� =HP��� %DOFR�*UHHQ/LQH� ���NJ� ���JLX�����OXJ��
�� 7DX�IOXYDOLQDWH� 0DYULN����(9� $GDPD� ���/� ���JLX�����OXJ��
�� &ORUDQWUDQLOLSUROR� &RUDJHQ� )0&� �����/� ���JLXJQR�
�� 'HOWDPHWULQD� 'HFLV�(92� %D\HU�&URS6FLHQFH� ����O�KD� ���JLXJQR�
�� (WRIHQSUR[� 7UHERQ�83� 6LSFDP� ����/� ���JLXJQR�
�� =ROIR� .	$�'HPRQ� .DORV� ��/� ���JLX�����OXJ��
�� /DPEGD�FLDORWULQD� .DUDWH�=HRQ� 6\QJHQWD� �����/� ���JLXJQR�
�� 3LUHWULQH� 3\JDQLF����� %LRJDUG�&%&� ����/� ���JLX�����OXJ��
��� &DROLQR� 6XUURXQG�:3� 6HUELRV� ���NJ� ���JLXJQR�
��� $FHWDPLSULG� (SLN�6/� 6LSFDP� ��/� ���JLXJQR�
��� $]DGLUDFWLQD�$� 2LNRV� 6LSFDP� ����/� ���JLX�����OXJ��
�
/D� YDOXWD]LRQH� GHOOH� SHUFHQWXDOL� GL� GHIRJOLD]LRQH� q� VWDWD� VWLPDWD�� RVVHUYDQGR� OH� WUH� YLWL�

FHQWUDOL�GHO�ILODUH�PHGLDQR�GL�RJQL�SDUFHOOD��LQ�EDVH�DOOD�VHJXHQWH�VFDOD�GL�GDQQR���� ���������
�� ������������ ������������ ������������ �����������SHU�WUH�GLVWLQWH�IDVFH�GL�YHJHWD]LRQH��
IHPPLQHOOH��SDUWH�VXSHULRUH�GHOOD�FKLRPD���SDUHWH�FHQWUDOH�H�IDVFLD�JUDSSROL��
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$QQR������
/D�SURYD�KD�LQWHUHVVDWR�OR�VWHVVR�YLJQHWR�GHO�������,�SURGRWWL�PHVVL�D�FRQIURQWR��FRQ�GRVL�H�

HSRFKH� GL� LPSLHJR�� VRQR� ULSRUWDWL� QHOOD� WDEHOOD� ��� ,� WUDWWDPHQWL� VRQR� VWDWL� HIIHWWXDWL� FRQ� XQD�
PRWRSRPSD� VSDOOHJJLDWD� �2OHRPDF� 63������ GLVWULEXHQGR� XQD� TXDQWLWj� GL� DFTXD� SDUL� D� ����
O�KD��2JQL� SURGRWWR� q� VWDWR� GLVWULEXLWR� VX� �� SDUFHOOH� GL� ����PT� FLDVFXQD�� FRQ� SUHVHQ]D� GL� ��
ILODUL�GL���YLWL�FLDVFXQR���
,�ULOLHYL�VRQR�VWDWL�HIIHWWXDWL�VXOOH���YLWL�FHQWUDOL�GHO�ILODUH�PHGLDQR�GHOO¶XQLWj�VSHULPHQWDOH��,O�

FRQWHJJLR�GHJOL�DGXOWL�q�VWDWR�HIIHWWXDWR�FRQ�OH�PRGDOLWj�GHO�������
�

7DEHOOD����3URYD�������3URGRWWL�XWLOL]]DWL��GRVL�H�HSRFKH�GL�LPSLHJR�
1��
WHVL� 6RVWDQ]D�DWWLYD� )RUPXODWR�

FRPPHUFLDOH�
'LWWD�GLVWULEXWULFH��

SURGXWWULFH�
'RVH�IRU�WR�

�KD��
(SRFKH�
LPSLHJR
�

�� 7HVWLPRQH� � � � �
�
��

$FHWDPLSULG� (SLN�6/� 6LSFDP� ��/� %�
$FULQDWULQD� 5XIDVW�(�)/2� )0&� ����/� &�
&ORUDQWUDQLOLSUROR� &RUDJHQ� )0&� �����/� '�

�
��

'HOWDPHWULQD� 'HFLV�(YR� %D\HU�&URS6FLHQFH� ����/� %�
$FHWDPLSULG� (SLN�6/� 6LSFDP� ��/� &�
&ORUDQWUDQLOLSUROR� &RUDJHQ� )0&� �����/� '�

�� &DROLQR� 6XUURXQG�:3� 6HUELRV� ���NJ� $��%��&��'�
�� =HROLWLWH� =HP��� %DOFR�*UHHQ/LQH� ���NJ� $��%��&��'�
�� Metarhizium brunneum�� 0HW��� ��� ���/� %��&�
�
��

$]DGLUDFWLQD�$� 2LNRV� 6LSFDP� ����/� $��%��&��'�
3LUHWULQH� 3\JDQLF����� %LRJDUG�&%&� ����/� %��&��'�
6DSRQH�PROOH�SRWDVVLFR� 6DSRQH�0ROOH� 2��%LWRVVL� ��/� %��&��'�


�$� ����JLXJQR��%� ���OXJOLR��&� ����OXJOLR��'� ����OXJOLR�
��3URGRWWR�VSHULPHQWDOH�RWWHQXWR�GD�$JURVFRSH��=XULJR��D�SDUWLUH�GDO�IRUPXODWR�FRPPHUFLDOH�0HW����M. 
brunneum��FRPH�VRVSHQVLRQH�FRQFHQWUDWD�GL�VSRUH��FRQ����GL�DFLGL�XPLFL�H����DGHVLYDQWH�D�EDVH�GL�ROLR�
GL�FRO]D��SHU�XQD�FRQFHQWUD]LRQH�GL�VSRUH�D�HWWDUR�SDUL�D������
�
,�ULOLHYL�VXL� ILWRVHLGL�VRQR�VWDWL�HIIHWWXDWL�SUHOHYDQGR�FRPSOHVVLYDPHQWH���IRJOLH�GDOOH���YLWL�

FHQWUDOL�GHO�ILODUH�PHGLDQR�GL�RJQL�SDUFHOOD��SHU�XQ�WRWDOH�GL����IRJOLH�SHU�WHVL��/D�YDOXWD]LRQH�
GHOOD�GHIRJOLD]LRQH�q� VWDWD� VWLPDWD�GLUHWWDPHQWH�� LQ�GLYHUVH�HSRFKH��FRQ� LO�YDORUH�SHUFHQWXDOH�
PHGLR�LQ�EDVH�DOO¶RVVHUYD]LRQH�GHOOH�WUH�YLWL�FHQWUDOL�GHO�ILODUH�PHGLDQR�GL�RJQL�SDUFHOOD��XVDQGR�
OD�PHGHVLPD�VFDOD�XVDWD�QHO�������
$QDOLVL�VWDWLVWLFD�DQQL�����������
,� GDWL� GHOOH� YDOXWD]LRQL� VRQR� VWDWL� DQDOL]]DWL� PHGLDQWH� DQDOLVL� GHOOD� YDULDQ]D� �$QRYD�� FRQ�

VRIWZDUH� $50���������� GL�*\OOLQJ�'DWD�0DQDJHPHQW�� 1HO� FDVR� GL� HIIHWWR� VLJQLILFDWLYR� GHO�
WUDWWDPHQWR� OH� GLIIHUHQ]H� WUD� OH� PHGLH� VRQR� VWDWH� YHULILFDWH� FRQ� LO� WHVW� GL� 6WXGHQW�1HZPDQ�
.HXOV��3 �������1HO�FDVR�GL�GDWL�FKH�PRVWUDYDQR�³YDULDQ]H�GL�WUDWWDPHQWR�QRQ�RPRJHQHH´��WHVW�
GL�%DUWOHWW�SHU�O¶RPRJHQHLWj���SULPD�GHOO¶DQDOLVL�VRQR�VWDWL�WUDVIRUPDWL�FRQ�ORJ�[�������
�,�ULVXOWDWL�RWWHQXWL�VRQR�VWDWL�LQGLFDWL�FRQ�XQD�OHWWHUD��OH�PHGLH�GHL�WUDWWDPHQWL�VHQ]D�OHWWHUH�LQ�

FRPXQH� VRQR� VLJQLILFDWLYDPHQWH� GLIIHUHQWL� VHFRQGR� XQ� WHVW� 61.� FRQGRWWR� DG� XQ� OLYHOOR� GL�
FRQILGHQ]D�GHO������'RYH�L�GDWL�VRQR�VWDWL�WUDVIRUPDWL��OH�PHGLH�ULSRUWDWH�VRQR�TXHOOH�RULJLQDOL��
D�FXL�VRQR�VWDWH�DEELQDWH�OH�UHODWLYH�OHWWHUH���
,�GDWL�GL�HIILFDFLD�VRQR�HVSUHVVL�FRPH�YDULD]LRQH�GHOOH�SRSROD]LRQL�WUDWWDWH�ULVSHWWR�D�TXHOOH�

GHO�WHVWLPRQH�QRQ�WUDWWDWR�WHQHQGR�FRQWR�GL�TXHOOH�DOO¶LQL]LR�GHOOD�VSHULPHQWD]LRQH��+HQGHUVRQ�
H�7LOWRQ����������
�
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5,68/7$7,�(�',6&866,21(�
$QQR�������
,O�VHQVLELOH�LQFUHPHQWR�GHO�QXPHUR�GL�DGXOWL�GL�P. japonica�QHL�YLJQHWL�GL�0DUDQR�7LFLQR�QHO�

JLXJQR� ����� ULVSHWWR� DOO
DQQR� SUHFHGHQWH� KD� SRUWDWR� D� UHDOL]]DUH� XQD� SURYD� GL� HIILFDFLD� GL�
DOFXQL�SURGRWWL�UHJLVWUDWL�VX�YLWH�QHOO
DUFR�GL�SRFKL�JLRUQL��VHQ]D�XQD�SUHYHQWLYD�SLDQLILFD]LRQH��
3HUWDQWR�L�SURGRWWL�VRQR�VWDWL�GLVWULEXLWL�VX�SDUFHOORQL�VHQ]D�UHSOLFKH��DQFKH�SHU�OH�GLPHQVLRQL�
OLPLWDWH� GHO� YLJQHWR�� /
HIIHWWXD]LRQH� GHO� WUDWWDPHQWR� LO� �� OXJOLR�� FRQ� XQD� SUHVHQ]D� JLj�
FRQVLVWHQWH�GHOOR�VFDUDEHLGH��LQ�PHGLD�ROWUH����DGXOWL�YLWH��WDEHOOD�����QRQ�q�VWDWD�RWWLPDOH�SHU�
SURGRWWL� FRPH� D]DGLUDFWLQD� H� FDROLQR�� GDO� SRVVLELOH� HIIHWWR� UHSHOOHQWH� H�R� IDJRGHWHUUHQWH�� /D�
SUHVHQ]D�GL�DGXOWL�QHO�ULOLHYR�SUH�WUDWWDPHQWR�GHO���OXJOLR�q�ULVXOWDWD�VLPLOH�WUD�L�YDUL�SDUFHOORQL��
DG� HFFH]LRQH�GL� TXHOOD� UHODWLYD� DOOD� WHVL� FORUS\ULIRV�PHWLOH� �5HOGDQ������ GRYH� DO� WHVW�+6'�GL�
7XFNH\� ULVXOWDYD� VLJQLILFDWLYDPHQWH�PDJJLRUH� �3 ������ ULVSHWWR� DG� DOWUH��1HOOD� HODERUD]LRQH�
GHL� GDWL� SHUWDQWR�TXHVWD� WHVL� q� VWDWD� HVFOXVD�� SHU� DYHUH�XQD� VLWXD]LRQH�GL� LQIHVWD]LRQH� LQL]LDOH�
RPRJHQHD��1HOO¶DQDOLVL� VWDWLVWLFD� GHL� ULVXOWDWL� �WDEHOOD� ��� VRQR� VWDWL� FRQVLGHUDWL� VROR� L� TXDWWUR�
ULOLHYL� SRVW� WUDWWDPHQWR� ���� ��� ��� H� ��� OXJOLR�� LQ� TXDQWR�� LQ� TXHOOL� VXFFHVVLYL� �GDWL� QRQ� QRQ�
LQVHULWL���O¶LQFUHPHQWR�GHL�GDQQL�IRJOLDUL�QHL�SDUFHOORQL�WUDWWDWL�FRQ�L�SURGRWWL�PHQR�HIILFDFL�KD�
GHWHUPLQDWR�OD�ULGX]LRQH�GHO�QXPHUR�GL�DGXOWL�SUHVHQWL��FRPH�HYLGHQ]LDWR�DQFKH�QHO�WHVWLPRQH�
QRQ�WUDWWDWR��GRYH�VL�q�UHJLVWUDWR�XQ�FDOR�GHO�����WUD����H����OXJOLR��
�
7DEHOOD����3URYD�������1XPHUR�PHGLR�GL�DGXOWL�SHU�YLWH�LQ�ULOLHYL�SUH�������H�SRVW�WUDWWDPHQWR�

� H�QXPHUR�PHGLR�GL�ILWRVHLGL�SHU�IRJOLD�DO����DJRVWR�

7HVL�
��OXJOLR�
�7��JJ��

��OXJOLR�
�7���JJ��

��OXJOLR�
�7���JJ��

���OXJOLR�
�7���JJ��

���OXJOLR�
�7���JJ��

1��PHGLR�
DGXOWL�SULPL���
ULOLHYL�SRVW�
WUDWWDPHQWR�

)LWRVHLGL�
)RUPH�

PRELOL�IRJOLD�
��DJRVWR�DG�YLWH� DG�YLWH� DG�YLWH� DG�YLWH� DG�YLWH�

7HVWLPRQH� ����� ����� ����� ��� ����� ������D
� �����
2LNRV� ����� ����� ������ ���������� ������ �����E� �����
$FWDUD����:*� ����� ����� ������ ����� ����� �����E� �����
6XUURXQG�:3� ����� ������ ������ ����� ������ �������EF� ������
(SLN�6/� ����� ������ ������ ������ ������ �������FG� �����
'HFLV�-(7� ����� ������ ������ ������ ������ ������������G� ������
5HOGDQ���� ����� ����� ����� ����� ����� �� �����

PHGLH�VHJXLWH�GDOOD�VWHVVD�OHWWHUD�QRQ�GLIIHULVFRQR�VWDWLVWLFDPHQWH��3 ������+6'�7XNH\��
�
1HOOD� VHWWLPDQD� VXFFHVVLYD� DO� WUDWWDPHQWR� �WDEHOOD� ��� VL� q� UHJLVWUDWD� XQD� VLJQLILFDWLYD�

ULGX]LRQH�GHO�QXPHUR�GL�DGXOWL�QHOOH� WHVL�GHOWDPHWULQD�H�DFHWDPLSULG��FRPH�SXUH��DQFKH� VH� LQ�
PLQRU�PLVXUD��QHOOH�WHVL�FRQ�FDROLQR��WKLDPHWKR[DP�H�D]DGLUDFWLQD�$��/
D]LRQH�GL�FORUS\ULIRV�
PHWLOH�� DQFKH� VH� QRQ� YDOXWDELOH� VWDWLVWLFDPHQWH�� q� ULVXOWDWD�PROWR� OLPLWDWD� DYHQGR� SUHVHQWDWR�
QHOOR�VWHVVR�SHULRGR�XQ�YDORUH�PHGLR�GL����DGXOWL�YLWH��/D�WHPSHUDWXUD�HOHYDWD�GHO�SHULRGR�H�OD�
GLVWULEX]LRQH�FRQ�DWRPL]]DWRUH�KDQQR�SUREDELOPHQWH�DFFHQWXDWR� OD� WHQGHQ]D�D�JDVVLILFDUH�GHO�
IRVIRUJDQLFR�� ULGXFHQGRQH� O
D]LRQH� GL� FRQWDWWR� FRPH� SXUH� OD� UHVLGXDOLWj�� /H� YLWL� WUDWWDWH� FRQ�
FDROLQR� SUHVHQWDYDQR� HURVLRQL� IRJOLDUL� FRQWHQXWH� ULVSHWWR� D� TXHOOH� QRQ� WUDWWDWH� R� WUDWWDWH� FRQ�
FORUS\ULIRV�PHWLOH�H�D]DGLUDFWLQD�$��

*OL�HIIHWWL�VXL�ILWRVHLGL��WDEHOOD�����ULOHYDWL�D����JLRUQL�GDO�WUDWWDPHQWR��SXU�LQ�DVVHQ]D�GL�XQD�
YDOXWD]LRQH�VWDWLVWLFD�VRQR�VWDWL�HYLGHQWL��GHOWDPHWULQD�KD�D]]HUDWR�OD�ORUR�SUHVHQ]D�H�DQFKH�LO�
WUDWWDPHQWR�FRQ�FDROLQR�QH�KD�GHWHUPLQDWR�XQD�GUDVWLFD�ULGX]LRQH��$FHWDPLSULG��WKLDPHWKR[DP��
H�D]DGLUDFWLQD�$�KDQQR�GLPRVWUDWR� LQYHFH�XQD�EXRQD�VHOHWWLYLWj��/¶DVVHQ]D�GL�HIIHWWL�QHJDWLYL�
VXL� ILWRVHLGL� GD� SDUWH� GHO� WUDWWDPHQWR� FRQ� FORUS\ULIRV�PHWLOH�� DVVRFLDWR� DOOD� ULGRWWD� HIILFDFLD�
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FRQWUR�P. japonica��VHPEUD�DWWULEXLELOH�SL��DOOD�VFDUVD�D]LRQH�GHO� IRVIRUJDQLFR�LQ�SUHVHQ]D�GL�
WHPSHUDWXUH�HOHYDWH�FKH�DOOD�VXD�VHOHWWLYLWj��
�
$QQR�������
$QFKH�QHO������OD�GLVWULEX]LRQH�GHL�SURGRWWL�FRQ�SRVVLELOH�HIIHWWR�UHSHOOHQWH�R�IDJRGHWHUUHQWH�

q� DYYHQXWD� FRQ� OD� SUHVHQ]D� GL� DGXOWL� LQ� YLJQHWR� �YDORUL� PHGL� WUD� ���� H� ����� DGXOWL�YLWH���
QRQRVWDQWH� FRQWUROOL� ELVHWWLPDQDOL�� D� FDXVD� GHOO¶DUULYR� UHSHQWLQR� GHJOL� VWHVVL�� ,O� ORUR� QXPHUR�
QRQ� ULVXOWDYD� VWDWLVWLFDPHQWH� GLYHUVR� WUD� OH� WHVL� QHO� FDPSLRQDPHQWR� SUH�WUDWWDPHQWR� GHO� �����
�WDEHOOD�����,O�JLRUQR�VXFFHVVLYR�VRQR�VWDWH�WUDWWDWH�OH�WHVL��]HROLWLWH��]ROIR��FDROLQR�H�D]DGLUDFWLQD�
$��1HO�ULOLHYR�GHO����JLXJQR�VROR�OD�WHVL�FRQ�FDROLQR�HYLGHQ]LDYD�XQ�FRQWHQLPHQWR�VLJQLILFDWLYR�
GHOOD�SUHVHQ]D�GL�DGXOWL�ULVSHWWR�DO�WHVWLPRQH�QRQ�WUDWWDWR��1HOOR�VWHVVR�JLRUQR��GRSR�LO�ULOLHYR��q�
VWDWR� HIIHWWXDWR� LO� WUDWWDPHQWR� GHOOH� UHVWDQWL� WHVL�� GHOWDPHWULQD�� WDX�IOXYDOLQDWH��
FORUDQWUDQLOLSUROR��ODPEGD�FLDORWULQD��HWRIHQSUR[��DFHWDPLSULG�H�SLUHWUR���
�

7DEHOOD����3URYD������ 1XPHUR�PHGLR�GL�DGXOWL�GL�P. japonica�SHU�YLWH��
7HVL� )RUPXODWR��FRPPPHUFLDOH� ���JLXJQR� ���JLXJQR� ��JLXJQR� ��OXJOLR� ���OXJOLR� (IILFDFLD������JLXJQR

�

(IILFDFLD���
��OXJOLR

�

�� 7HVWLPRQH� ������D
� �����D� �������DE� ������D� �������DE� � �
�� =HP���� �����D� �����D� ������D� ������D� �������E� �������


� ������DEF�
�� 0DYULN����(9� ������D� �����D�� �������EF� ������D� �����DE� �������� ������EF�
�� &RUDJHQ� ������D� �����D�� �������EF� �������F� �������E� �������� ������DE�
�� 'HFLV�(92� ������D� �����D�� ��������H� �������F� �������DE� �������� ������D�
�� 7UHERQ�83� �����D� �����D�� ��������GH� ������DE� �������DE� �������� ������DE�
�� .	$�'HPRQ� ������D� �����DE� �������DE� ������DE� �������E� �������� ������EF�
�� .DUDWH�=HRQ� ������D� ����D�� ��������H� �������F� �������DE� �������� ������DE�
�� 3\JDQLF����� ������D� �����DE�� �������EF� ������DE� �������DE� �������� ������EF�
��� 6XUURXQG�:3� ������D� ������E� �������FG� �������F� �������DE� �������� ������DE�
��� (SLN�6/� ������D� �����D�� �������EF� �������EF� ������D� �������� ������DE�
��� 2LNRV� ������D� �����DE� �������DE� ������DE� �������DE� �������� ������EF�


PHGLH�VHJXLWH�GDOOD�VWHVVD�OHWWHUD�QRQ�GLIIHULVFRQR�VWDWLVWLFDPHQWH��3 ������6WXGHQW�1HZPDQ�.HXOV��
�� �7HVL�QRQ�DQFRUD�WUDWWDWH�D�TXHVWD�GDWD���

�� �(IILFDFLD�FDOFRODWD�PHGLDQWH�LO�WHVW�GL�+HQGHUVRQ�H�7LOWRQ��
ULVSHWWR�DO�GDWR�SUH�WUDWWDPHQWR�GHO����������


� �$QFKH�VH�WUDVIRUPDWH��OH�PHGLH�QRQ�VRQR�RPRJHQHH�
�
1HO�ULOLHYR�GHO����JLXJQR��D����RUH�GDO�WUDWWDPHQWR�GL�TXHVWH�WHVL��VROR�GHOWDPHWULQD��ODPEGD�

FLDORWULQD�� HWRIHQSUR[� KDQQR� FRQWHQXWR� LO� QXPHUR� GL� DGXOWL� LQ�PRGR� VLJQLILFDWLYR� ULVSHWWR� DO�
WHVWLPRQH� QRQ� WUDWWDWR�� $QFKH� OD� WHVL� FRQ� FDROLQR� KD� FRQWLQXDWR� D� RVSLWDUH� XQD� SUHVHQ]D� GL�
DGXOWL� VWDWLVWLFDPHQWH� LQIHULRUH� DO� WHVWLPRQH�� D� GLVWDQ]D� GL� �� JLRUQL� GDO� WUDWWDPHQWR��
$FHWDPLSULG�� SLUHWUR� H� FORUDQWUDQLOLSUROR�� SXU� VH� QRQ�GLIIHUHQWL� VWDWLVWLFDPHQWH�GDO� WHVWLPRQH��
KDQQR�SUHVHQWDWR�XQ�QXPHUR�ULGRWWR�GL�DGXOWL�ULVSHWWR�DOOH�WHVL�]HROLWLWH��]ROIR�H�D]DGLUDFWLQD�$��
1HO� ULOLHYR� GHO� �� OXJOLR� LO� FRQWHQLPHQWR� ULVXOWDYD� PLJOLRUH� LQ�PRGR� VLJQLILFDWLYR� ULVSHWWR� DO�
WHVWLPRQH�QRQ�WUDWWDWR�SHU�OH�WHVL�GHOWDPHWULQD��FORUDQWUDQLOLSUROR��FDROLQR��ODPEGD�FLDORWULQD�H�
DFHWDPLSULG��/H�WHVL�]HROLWLWH��WDX�IOXYDOLQDWH��HWRIHQSUR[��]ROIR��SLUHWUR�H�D]DGLUDFWLQD�$�QRQ�VL�
GLIIHUHQ]LDYDQR� GDO� QRQ� WUDWWDWR� H� SUHVHQWDYDQR� YDORUL� PHGL� VXSHULRUL� D� ���� DGXOWL� SHU� YLWH��
4XHVWL� YDORUL� KDQQR� SRUWDWR� D� ULSHWHUH� LO� WUDWWDPHQWR� SHU� TXHVWH� WHVL�� DG� HFFH]LRQH� GL�
HWRIHQSUR[�� LO� �� OXJOLR�� /¶HIILFDFLD� GL� D]LRQH�� ULVSHWWR� DO� WHVWLPRQH�� GHOOH� GLYHUVH� VRVWDQ]H�
ULVXOWD�VWDWLVWLFDPHQWH�VLJQLILFDWLYD�VROR�SHU�LO�ULOLHYR�GHO���OXJOLR��/¶D]LRQH�GL�GHOWDPHWULQD�D���
JLRUQL� GDO� WUDWWDPHQWR� ULVXOWD� DQFRUD� VXSHULRUH� DO� ����� PHQWUH� GLPLQXLVFH� GHFLVDPHQWH� SHU�
ODPEGDFLDORWULQD�H�HWRIHQSUR[��FRQ�YDORUL�DWWRUQR�DO������/¶D]LRQH�GL�WDX�IOXYDOLQDWH�H�SLUHWUR��
JLj�FRQWHQXWD�DWWRUQR�DO�����D���JLRUQL�GDO� WUDWWDPHQWR��VL�GLPH]]D�DWWHVWDQGRVL�VX�YDORUL�VXO�
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����� FDOD� DQFKH� SHU� DFHWDPLSULG� GDO� ��� DO� ���� FLUFD�� PHQWUH� ULPDQH� VWDELOH� SHU�
FORUDQWUDQLOLSUROR��a�����H�FDROLQR��a�������1HO�ULOLHYR�GHOO¶���OXJOLR�OH�GLIIHUHQ]H�WUD�OH�WHVL�
SHUGRQR�GL�VLJQLILFDWR��,O�QXPHUR�GL�DGXOWL� WHQGH�D�GLPLQXLUH�QHO�WHVWLPRQH�QRQ�WUDWWDWR�H�QHL�
SDUFHOORQL� FRQ� SURGRWWL� SRFR� HIILFDFL� SHU� OD� ULGX]LRQH� SURJUHVVLYD� GHOOD� VXSHUILFLH� IRJOLDUH�
GLVSRQLELOH��DO�FRQWUDULR�GL�TXDQWR�DYYLHQH�QHL�SDUFHOORQL�WUDWWDWL�FRQ�L�SURGRWWL�SL��SHUIRUPDQWL�
GRYH�OD�VXSHUILFLH�IRJOLDUH�SRFR�GDQQHJJLDWD�DWWLUD�DGXOWL�GDJOL�DOWUL�SDUFHOORQL�R�GD�DUHH�HVWHUQH�
DO� YLJQHWR�� 4XHVWL� VSRVWDPHQWL� WUD� XQLWj� VSHULPHQWDOL� GL� ULGRWWH� GLPHQVLRQL�� DFFHQWXDWL� GDO�
FRPSRUWDPHQWR�IRUWHPHQWH�JUHJDULR�GHJOL�DGXOWL��FRVWLWXLVFRQR�XQ�IDWWRUH�ULFRUUHQWH�GL�GLVWXUER�
QHOOD�YDOXWD]LRQH�GHOO¶HIILFDFLD�LQVHWWLFLGD�GHL�WUDWWDPHQWL�VSHULPHQWDOL��
7HUPLQDWD�OD�SURYD��D�FDXVD�GHOO¶LQIHVWD]LRQH�GL�P. japonica�DQFRUD�HOHYDWD��LO�YLWLFROWRUH�KD�

HIIHWWXDWR�XQ�WUDWWDPHQWR�VX�WXWWR�LO�YLJQHWR�FRQ�DFHWDPLSULG�LO����OXJOLR���
/D� SRSROD]LRQH� GL� ILWRVHLGL�� DSSDUWHQHQWL� DOOD� VSHFLH� Kampimodromus aberrans �2XG����

ULVXOWDYD� SLXWWRVWR� HOHYDWD� QHO� YLJQHWR�� /D� ORUR� SUHVHQ]D� q� VWDWD� LQIOXHQ]DWD� LQ� PRGR�
VLJQLILFDWLYR�GDOOH�GLYHUVH�VRVWDQ]H�XWLOL]]DWH��WDEHOOD�����1HO�ULOLHYR�GHO���OXJOLR��FRQ�WXWWH�OH�
WHVL�WUDWWDWH�XQD�VROD�YROWD��L�SLUHWURLGL��GHOWDPHWULQD��ODPEGD�FLDORWULQD�H�WDX�IOXYDOLQDWH��KDQQR�
SRUWDWR�DOOD� VFRPSDUVD�GHOOH� IRUPH�PRELOL��PHQWUH�QHO� WHVWLPRQH�QRQ� WUDWWDWR� OD�SUHVHQ]D�HUD�
YLFLQD�D����HVHPSODUL�IRJOLD��7XWWH�OH�DOWUH�VRVWDQ]H��FRPSUHVL�LQVHWWLFLGL�GL�VLQWHVL��HWRIHQSUR[��
DFHWDPLSULG�� FORUDQWUDQLOLSUROR�� H� FDROLQR�� QRQ� VL� VRQR� GLIIHUHQ]LDWH� VWDWLVWLFDPHQWH� GDO�
WHVWLPRQH�QRQ�WUDWWDWR��1HO�YDOXWDUH�L�GDWL�GHO�VHFRQGR�ULOLHYR�GHO����DJRVWR�YD�WHQXWR�SUHVHQWH�
FKH� OH� WHVL� ]HROLWLWH�� WDX�IOXYDOLQDWH�� ]ROIR�� SLUHWUR� H� D]DGLUDFWLQD� $� DYHYDQR� ULFHYXWR� XQ�
VHFRQGR� WUDWWDPHQWR� LO� �� OXJOLR�� $QFKH� LQ� TXHVWD� GDWD� VL� q� FRQIHUPDWD� O¶D]LRQH� UHVLGXD�
IRUWHPHQWH� QHJDWLYD� VXL� ILWRVHLGL� GHL� WUH� SLUHWURLGL� �GHOWDPHWULQD�� WDX�IOXYDOLQDWH� H� ODPEGD�
FLDORWULQD��� DQFKH� O¶DOWUR� SLUHWURLGH� HWRIHQSUR[� KD� GHWHUPLQDWR� XQD� GLPLQX]LRQH� VLJQLILFDWLYD�
ULVSHWWR�DO�WHVWLPRQH��
�

7DEHOOD����3URYD�������1XPHUR�PHGLR�GL�ILWRVHLGL�SHU�IRJOLD�
7HVL� 6RVWDQ]D�DWWLYD� )RUPXODWR�FRPPHUFLDOH� ��OXJOLR� ���DJRVWR�
�� 7HVWLPRQH� 7HVWLPRQH� ������D
� �����������D
�
�� =HROLWLWH� =HP��� �����D� ������������DE��
�� 7DX�IOXYDOLQDWH� 0DYULN����(9� ������E� �����������F�
�� &ORUDQWUDQLOLSUROR� &RUDJHQ� �����D� ������������DE�
�� 'HOWDPHWULQD� 'HFLV�(92� ������E� ����������F�
�� (WRIHQSUR[� 7UHERQ�83� �����D� ����������E��
�� =ROIR� .	$�'HPRQ� �����D� ����������DE�
�� /DPEGD�FLDORWULQD� .DUDWH�=HRQ� ������E� ���������F�
�� 3LUHWULQH� 3\JDQLF����� �����D� ����������DE�
��� &DROLQR� 6XUURXQG�:3� �����D� ����������DE�
��� $FHWDPLSULG� (SLN�6/� �����D� ����������DE�
��� $]DGLUDFWLQD�$� 2LNRV� �����D� ����������DE�


PHGLH�VHJXLWH�GDOOD�VWHVVD�OHWWHUD�QRQ�GLIIHULVFRQR�VWDWLVWLFDPHQWH��3 ������6WXGHQW�1HZPDQ�.HXOV��
�
/D�VWLPD�GHL�GDQQL�IRJOLDUL�FDXVDWL�GDOO¶DWWLYLWj�WURILFD�GHJOL�DGXOWL�GL�P. japonica, VXGGLYLVD�

SHU�IDVFH�GL�YHJHWD]LRQH��WDEHOOD�����KD�HYLGHQ]LDWR�OD�VFDUVD�SURWH]LRQH�GHOOH�IHPPLQHOOH��QHOOD�
SDUWH� SL�� DOWD� GHOOD� YHJHWD]LRQH�� SHU� OD� GLIILFROWj� DG� HVVHUH� EHQ� LUURUDWH� GDOOD� VROX]LRQH�� /D�
SDUHWH� FHQWUDOH� q� ULVXOWDWD� VLJQLILFDWLYDPHQWH�PHQR�GDQQHJJLDWD� ULVSHWWR� DO� WHVWLPRQH�TXDQGR�
WUDWWDWD� FRQ� FORUDQWUDQLOLSUROR�� GHOWDPHWULQD� H� DFHWDPLSULG�� /D� IDVFLD� JUDSSROL� QRQ� KD� VXELWR�
GDQQL�ULOHYDQWL��DG�HFFH]LRQH�GHOOD�WHVL�³]HROLWLWH´�FKH�KD�SUHVHQWDWR�YDORUL�HOHYDWL�GL�HURVLRQH�
DQFKH�SHU�IHPPLQHOOH�H�SDUHWH�FHQWUDOH��
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�
7DEHOOD����3URYD�������6WLPD�SHUFHQWXDOL�GL�GHIRJOLD]LRQH�DO���OXJOLR�SHU�IDVFH�GL�YHJHWD]LRQH�
7HVL� 6RVWDQ]D�DWWLYD� )RUPXODWR�FRPPHUFLDOH� )HPPLQHOOH� &HQWUDOH� *UDSSROL�
�� 7HVWLPRQH� 7HVWLPRQH� ��������DEF� ����������D
� ����E�
�� =HROLWLWH� =HP��� ��������D� ����������D� ���������D�
�� 7DX�IOXYDOLQDWH� 0DYULN����(9� ��������DE� ������DE� �����E�
�� &ORUDQWUDQLOLSUROR� &RUDJHQ� ��������F� �����E� �����E�
�� 'HOWDPHWULQD� 'HFLV�(92� ��������EF� �����E� �����E�
�� (WRIHQSUR[� 7UHERQ�83� ��������D� �����DE� ������DE�
�� =ROIR� .	$�'HPRQ� ��������DE� �����DE� ����E�
�� /DPEGD�FLDORWULQD� .DUDWH�=HRQ� ��������DEF� �����DE� ����E�
�� 3LUHWULQH� 3\JDQLF����� ��������DE� �����DE� ����E�
��� &DROLQR� 6XUURXQG�:3� ��������DEF� �����DE� ����E�
��� $FHWDPLSULG� (SLN�6/� ��������F� ����E� ����E�
��� $]DGLUDFWLQD�$� 2LNRV� ��������DEF� �����DE� ����E�


PHGLH�VHJXLWH�GDOOD�VWHVVD�OHWWHUD�QRQ�GLIIHULVFRQR�VWDWLVWLFDPHQWH��3 ������6WXGHQW�1HZPDQ�.HXOV��
�

$QQR�������
/¶DJJUDYDPHQWR�GHOOH�LQIHVWD]LRQL�QHJOL�DQQL�SUHFHGHQWL�KD�SRUWDWR�D�SUHYHGHUH�XQD�VWUDWHJLD�

GL�GLIHVD�EDVDWD�VX�XQ�QXPHUR�PDJJLRUH�GL�WUDWWDPHQWL��WUH�QHO�FDVR�GHJOL�LQVHWWLFLGL�GL�VLQWHVL��
/H� GLYHUVH� WHVL� SHUWDQWR� KDQQR� SUHVHQWDWR� XQD� VHTXHQ]D� GL� WUDWWDPHQWL� FRQ� GLYHUVH� VRVWDQ]H�
DWWLYH�R� O¶XWLOL]]R�GL�XQ� VLQJROR�SURGRWWR�SHU�SL�� WUDWWDPHQWL� �WDEHOOD����� ,O�SULPR� WUDWWDPHQWR�
FRQ� FDROLQR�� ]HROLWLWH� H� D]DGLUDFWLQD� $�� SURGRWWL� FRQ� SRVVLELOH� HIIHWWR� UHSHOOHQWH� H�R�
IDJRGHWHUUHQWH�� q� VWDWR� HIIHWWXDWR� LO� ��� JLXJQR�� FRQ� XQD� SUHVHQ]D� DQFRUD� OLPLWDWD� GHOOR�
VFDUDEHLGH��VWLPDWD�SDUL�D���DGXOWR�SHU�YLWH��1HO�ULOLHYR�GHO���OXJOLR��WDEHOOD����VROR�OD�WHVL����
WUDWWDPHQWR� FRQ� FDROLQR�� KD� GLPRVWUDWR� XQ� EXRQ� FRQWHQLPHQWR� GHO� QXPHUR� GL� DGXOWL��
VLJQLILFDWLYDPHQWH� LQIHULRUH�DO� WHVWLPRQH�QRQ� WUDWWDWR��1HO�FDPSLRQDPHQWR�GHO��� OXJOLR��D����
RUH�GDO�WUDWWDPHQWR�GL�WXWWH�OH�WHVL��FRPSUHVH�TXHOOH�WUDWWDWH�JLj�LO����JLXJQR��VROR�LO�WUDWWDPHQWR�
FRQ�GHOWDPHWULQD� �WHVL���� KD�FRQWHQXWR� LQ�PRGR�VLJQLILFDWLYR� OD�SUHVHQ]D�GL�DGXOWL� ULVSHWWR�DO�
WHVWLPRQH�QRQ�WUDWWDWR��LQ�FXL�OD�SUHVHQ]D�GL�TXDVL�����DGXOWL�YLWH�HYLGHQ]LD�LO�IRUWH�LQFUHPHQWR�
GHOOD� SRSROD]LRQH� QHO� SHULRGR�� 1HL� ULOLHYL� VXFFHVVLYL�� D� �� H� D� �� JLRUQL� GDO� WUDWWDPHQWR�� QRQ�
ULVXOWDQR� GLIIHUHQ]H� VLJQLILFDWLYH� WUD� OH� WHVL� H� LO� WHVWLPRQH�� DQFKH� VH� OH� WHVL� �� H� ��� WUDWWDWH�
ULVSHWWLYDPHQWH� FRQ� DFHWDPLSULG� H� GHOWDPHWULQD�� SUHVHQWDQR� YDORUL� PROWR� LQIHULRUL�� /D�
GLVWULEX]LRQH�QRQ�RPRJHQHD�GHOO¶LQIHVWD]LRQH� LQ�YLJQHWR�KD� LPSHGLWR�XQD�GLIIHUHQ]LD]LRQH� LQ�
WHUPLQL�VWDWLVWLFL�WUD�OH�WHVL��
�
7DEHOOD����3URYD�������1XPHUR�PHGLR�GL�DGXOWL�GL�P. japonica�SHU�YLWH�

7HVL�
��OXJOLR� ��OXJOLR� ��OXJOLR� ���OXJOLR� ���OXJOLR� ���OXJOLR� ���OXJOLR� ���OXJOLR�
�DGXO��YLWH� DGXO��YLWH� DGXO��YLWH� DGXO��YLWH� DGXO��YLWH� DGXO��YLWH� DGXO��YLWH� DGXO��YLWH�

�� ��������D
� ������D� ������D� ������D� ������D� ������D� ������D� �����D�
�� ����������DE�� ��������DE� �������D� �������D� �������E� �������D� ������D� �����D�
�� �������D�� �������E� �������D� �������D� �������E� ��������D� �����D� �����D�
�� ��������E� �������DE� ������D� ������D� �������DE� �������D� �����D� �����D�
�� ��������DE� ������DE� ������D� ������D� ������D�� ������D� ������D� �����D�
�� ������D�� ������DE� ������D� ������D� �������DE� ������D� ������D� �����D�
�� ��������DE� �������DE� ������D� ������D� �������DE� ������D� ������D� �����D�


PHGLH�VHJXLWH�GDOOD�VWHVVD�OHWWHUD�QRQ�GLIIHULVFRQR�VWDWLVWLFDPHQWH��3 ������6WXGHQW�1HZPDQ�.HXOV��
�� ��WHVL�QRQ�DQFRUD�WUDWWDWH�D�TXHVWD�GDWD�
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,Q�GDWD���� OXJOLR�q� VWDWR�HIIHWWXDWR�XQ�QXRYR� WUDWWDPHQWR� LQ� WXWWH� OH� WHVL��QHO� ULOLHYR�GHO����
OXJOLR��GRSR����RUH��OH�WHVL���H����WUDWWDWH�ULVSHWWLYDPHQWH�FRQ�DFULQDWULQD�H�DFHWDPLSULG��KDQQR�
HYLGHQ]LDWR� XQ� FRQWHQLPHQWR� VLJQLILFDWLYR� GHOOD� SUHVHQ]D� GL� DGXOWL� ULVSHWWR� DO� WHVWLPRQH� QRQ�
WUDWWDWR��GRYH� VL� FRQWDYDQR�ROWUH�����DGXOWL�YLWH��1HL� ULOLHYL�GHO����H���� OXJOLR� WDOL�GLIIHUHQ]H�
VRQR�VFRPSDUVH�DQFKH�SHU�OR�VSRVWDPHQWR�GHJOL�DGXOWL�GDOOH�SDUFHOOH�SL��GHIRJOLDWH�D�TXHOOH�SL��
LQWHJUH�� ,O� ��� OXJOLR� q� VWDWR� HIIHWWXDWR�XQ� XOWLPR� WUDWWDPHQWR� VX� WXWWH� OH� WHVL�� DG� HFFH]LRQH�GL�
TXHOOD�FRQ�0HW����PD�QHO�ULOLHYR�D����RUH�QRQ�VRQR�ULVXOWDWH�GLIIHUHQ]H�VWDWLVWLFKH�WUD�OH�WHVL�H�LO�
WHVWLPRQH��3HU�TXDQWR� ULJXDUGD� L� ILWRVHLGL� OD�SUHVHQ]D�SUH�WUDWWDPHQWR�DO����JLXJQR��SLXWWRVWR�
ULGRWWD�ULVSHWWR�DOO
DQQR�SUHFHGHQWH��q�ULVXOWDWD�VLPLOH�WUD�OH�YDULH�WHVL��WDEHOOD�����1HO�ULOLHYR�GHO�
��� OXJOLR� VL� VHJQDOD� O
D]LRQH� QHJDWLYD� GL� GHOWDPHWULQD� GLVWULEXLWR� QHOOD� WHVL� ��� FKH� SHUPDQH�
DQFKH� QHO� FDPSLRQDPHQWR� GHO� ��� VHWWHPEUH�� $QFKH� LO� FDROLQR� �WHVL� ���� GLVWULEXLWR� LQ� GRVH�
HOHYDWD� SHU� �� WUDWWDPHQWL�� KD� XQ� HIIHWWR� QHJDWLYR� VXL� ILWRVHLGL�� /
LQVHULPHQWR� GL� XQ� DOWUR�
SLUHWURLGH�� DFULQDWULQD�� LQ� VXFFHVVLRQH� DG� DFHWDPLSULG� �WHVL� ���� QRQ� VHPEUD� LQYHFH�
FRPSURPHWWHUH� OR� VYLOXSSR� GHOOH� SRSROD]LRQL�� FRPH� SXUH� LO� WUDWWDPHQWR� ILQDOH� FRQ�
FORUDQWUDQLOLSUROR��
�

7DEHOOD����3URYD�������1XPHUR�PHGLR�GL�ILWRVHLGL�SHU�IRJOLD��
7HVL�D�FRQIURQWR� (SRFKH�

LPSLHJR�
5LOLHYR�GHO�
���JLXJQR�

5LOLHYR�GHO����
OXJOLR�

5LOLHYR�GHO����
VHWWHPEUH�

��7HVWLPRQH� � ������D
� �����D� ���������DEF�
��(SLN�6/���5XIDVW�(�)/2��&RUDJHQ� ����%�&�'

� ����D� ������D� �����D�
��'HFLV�(YR��(SLN�6/���&RUDJHQ� %�&�'� ����D� ������F�� �����F�
��6XUURXQG�:3� $��%��&��'� ����D� ��������EF� �������EF�
��=HP��� $��%��&��'� ����D� ��������EF� ���������DEF�
��0HW��� %��&� ����D� ������D� ���������DEF�
��2LNRV��3\JDQLF��6DSRQH�PROOH� $���%��&��'� ����D� ��������DE� �������DE�


�PHGLH�VHJXLWH�GDOOD�VWHVVD�OHWWHUD�QRQ�GLIIHULVFRQR�VWDWLVWLFDPHQWH��3 ������6WXGHQW�1HZPDQ�.HXOV��


�$� ����JLXJQR��%� ���OXJOLR��&� ����OXJOLR��'� ����OXJOLR�����VROR�2LNRV�
�
1HO������OD�VWLPD�GHL�GDQQL�FDXVDWL�GDOO
DWWLYLWj�WURILFD�GHJOL�DGXOWL�q�VWDWD�ULSHWXWD�SL��YROWH�QHO�
PHVH�GL�OXJOLR��WDEHOOD������0HQWUH�QHO�WHVWLPRQH�QRQ�WUDWWDWR�VL�VRQR�UHJLVWUDWH�HURVLRQL�PROWR�
HOHYDWH�JLj�D�PHWj�OXJOLR��QHOOH�WHVL���H����WUDWWDWH�FRQ�XQD�VHTXHQ]D�GL�WUH�LQVHWWLFLGL�GL�VLQWHVL��L�
OLYHOOL� GL� GHIRJOLD]LRQH� VRQR� ULVXOWDWL� FRQWHQXWL�� VSHFLDOPHQWH� QHOOD� WHVL� ��� GRYH� q� VWDWD�
LPSLHJDWD� GHOWDPHWULQD� QHO� SULPR� WUDWWDPHQWR��7UD� JOL� DOWUL� SURGRWWL� XWLOL]]DWL� VROR� LO� FDROLQR�
�WHVL� ��� KD� GLPRVWUDWR� XQD� FHUWD� HIILFDFLD� QHO� SHULRGR� LQL]LDOH� GHOO
LQIHVWD]LRQH�� SHU� SRL�
UDJJLXQJHUH�OLYHOOL�GL�GDQQR�SURVVLPL�DO������QHOOD�WHU]D�GHFDGH�GL�OXJOLR���
�
7DEHOOD�����3URYD�������6WLPD�SHUFHQWXDOL�GL�GHIRJOLD]LRQH�LQ�TXDWWUR�HSRFKH�

7HVL� � ���OXJ�� ���OXJ�� ���OXJ�� ���OXJ��
��7HVWLPRQH� � ��������D
� ������D� �����D� �����D�
��(SLN�6/��5XIDVW�(�)/2��&RUDJHQ� ����%�&�'

� �������E� ������E� �����E� �����E�
��'HFLV�(YR��(SLN�6/��&RUDJHQ� %�&�'� �������E� �������E� ������E� ������E�
��6XUURXQG�:3� $��%��&��'� ���������DE� ���������DE� �������DE�� �������DE��
��=HP��� $��%��&��'� �������D� �������D� �����D� ���������D�
��0HW��� %��&� �������D� �������D�� �����D� ������D�
��2LNRV��3\JDQLF��6DSRQH�PROOH� $���%��&��'� ���������DE� ���������DE� �������DE� ��������DE�

PHGLH�VHJXLWH�GDOOD�VWHVVD�OHWWHUD�QRQ�GLIIHULVFRQR�VWDWLVWLFDPHQWH��3 ������6WXGHQW�1HZPDQ�.HXOV��


$� ����JLXJQR��%� ���OXJOLR��&� ����OXJOLR��'� ����OXJOLR������VROR�2LNRV�
�
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&21&/86,21,��
*OL�DWWDFFKL�GL�P.japonica SRVVRQR�FDXVDUH�JUDYL�GHIRJOLD]LRQL�GHOOH�YLWL�JLj�QHOOD�SULPD�PHWj�

GL�OXJOLR��,�OLYHOOL�GL�LQIHVWD]LRQH�YDULDQR�PROWR�GD�]RQD�D�]RQD�H�VSHVVR�DQFKH�DOO¶LQWHUQR�GHOOR�
VWHVVR�YLJQHWR��D� VHFRQGD�GHOOD�YLFLQDQ]D�GL�FROWXUH� LUULJXH�FRQ�HOHYDWH�SRSROD]LRQL� ODUYDOL� H�
GHOOD�SRVL]LRQH�GHO�YLJQHWR�FKH�SXz�IDYRULUH�R�PHQR�O¶DUULYR�GHJOL�DGXOWL�GDOOH�DUHH�FLUFRVWDQWL��
$QFKH� OD� SUHVHQ]D� GL� LQHUELPHQWR� QHJOL� LQWHUILODUL� SXz� GHWHUPLQDUH� XQ� LQFUHPHQWR� GHOOD�
SRSROD]LRQH� ORFDOH�� QHO� FDVR� GL� SUHFLSLWD]LRQL� HVWLYH� FKH� SHUPHWWDQR� O¶RYLGHSRVL]LRQH� H� OR�
VYLOXSSR�ODUYDOH��/H�SRVVLELOLWj�GL�FRQWHQLPHQWR�ULVLHGRQR�SULQFLSDOPHQWH�QHOO¶HIIHWWXD]LRQH�GL�
WUDWWDPHQWL�LQVHWWLFLGL��FRQ�VRVWDQ]H�DWWLYH�JLj�UHJLVWUDWH�VX�YLWH�FRQWUR�DOWUL�ILWRIDJL��,Q�TXHVWH�
SURYH� O¶HIILFDFLD� PDJJLRUH� q� VWDWD� PDQLIHVWDWD� GDL� SLUHWURLGL�� LQ� SDUWLFRODUH� GHOWDPHWULQD��
VHJXLWD� GD� ODPEGD�FLDORWULQD� H� DFULQDWULQD�� /¶D]LRQH� GL� DFHWDPLSULG� H� FORUDQWUDQLOLSUROR� q�
ULVXOWDWD� LQIHULRUH�D�GHOWDPHWULQD�SHUz��D�GLIIHUHQ]D�GHL�SLUHWURLGL��TXHVWH�VRVWDQ]H�DWWLYH�VRQR�
PROWR�PHQR�WRVVLFKH�SHU�L�ILWRVHLGL��7UD�L�SURGRWWL�FRQ�HIIHWWR�UHSHOOHQWH�H�R�IDJRGHWHUUHQWH�VROR�
LO�FDROLQR�KD�SUHVHQWDWR�XQD�GLVFUHWD�HIILFDFLD�FKH�SHUDOWUR� WHQGH�D� ULGXUVL� LQ�SUHVHQ]D�GL�XQD�
HOHYDWD� SUHVVLRQH� GHOO¶LQVHWWR�� $QFRUD� SL�� ULGRWWD� q� VWDWD� O¶D]LRQH� GL� SLUHWUR� QDWXUDOH��
D]DGLUDFWLQD��]HROLWLWH�H�Metarhizium brunneum��$�VHFRQGD�GHOOD�JUDYLWj�GHOOH�LQIHVWD]LRQL��LQ�
FRVWDQWH�DXPHQWR� LQ�TXHVWL� DQQL��GXH�R� WUH� WUDWWDPHQWL� VHPEUDQR� LQGLVSHQVDELOL�SHU� OLPLWDUH� L�
GDQQL� DOO¶DSSDUDWR� IRJOLDUH� GHOOH� YLWL�� $QFKH� VH� OD� YLWH� VRSSRUWD� XQ� FHUWR� JUDGR� GL�
GHIRJOLD]LRQH��XQD�GUDVWLFD�ULGX]LRQH�GHOOD�VXSHUILFLH�IRWRVLQWHWL]]DQWH�SXz�ULIOHWWHUVL�QRQ�VROR�
GLUHWWDPHQWH� VXOOD� TXDQWLWj� H� TXDOLWj� GHOOD� SURGX]LRQH� GHOO¶DQQDWD� PD� SXz� FRPSRUWDUH� XQ�
SURJUHVVLYR� GHSHULPHQWR� YHJHWDWLYR� QHO� WHPSR�� ,QGDJLQL� VX� TXHVWL� DVSHWWL� VRQR� VWDWH� DYYLDWH�
DQFKH�QHO� FRUVR�GL� TXHVWD� VSHULPHQWD]LRQH�PD� L� ULVXOWDWL� VRQR� DQFRUD� LQ� IDVH�GL� YDOXWD]LRQH��
/¶HIIHWWXD]LRQH�GL� WUDWWDPHQWL�HVWHVL�D� WXWWR�XQ�YLJQHWR�R�PHJOLR�D� LQWHUL�FRPSUHQVRUL�YLWLFROL�
SXz� PLJOLRUDUH� VHQVLELOPHQWH� O¶D]LRQH� GL� FRQWHQLPHQWR� GHJOL� DGXOWL� ULVSHWWR� D� WUDWWDPHQWL� GL�
SDUFHOOH� VSHULPHQWDOL�R�GL�YLJQHWL�GL�GLPHQVLRQL� OLPLWDWH��5HVWD� LO� IDWWR�FKH� OH� VRVWDQ]H�DWWLYH�
SL��HIILFDFL��DO�PRPHQWR�GLVSRQLELOL��VRQR�TXHOOH�GHOOD�IDPLJOLD�GHL�SLUHWURLGL��FDUDWWHUL]]DWH�LQ�
JHQHUH� GD� XQD� VFDUVD� VHOHWWLYLWj� YHUVR� O¶DFDUR�HQWRPRIDXQD� XWLOH�� 3HU� HYLWDUH� O¶LQVRUJHQ]D� GL�
DWWDFFKL� GL� DFDUL� R� GL� DOWUL� ILWRIDJL� VHFRQGDUL� LQ� YLJQHWR� RFFRUUH� HYLWDUH� XQ� XVR� HFFHVVLYR� GL�
TXHVWH�PROHFROH��SUHYHGHQGRQH�O¶DOWHUQDQ]D�VWUDWHJLFD�FRQ�DOWUH�PHQR�HIILFDFL�PD�SL��VHOHWWLYH�
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