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1HO� ����� H� ����� VRQR� VWDWH� VYROWH� LQ� 3XJOLD� GXH� SURYH� VX� XYD� GD� WDYROD� YROWH� D� YHULILFDUH�
O¶HIILFDFLD�GL�GXH�DQWDJRQLVWL�PLFURELFL��Bacillus amyloliquefaciens�FHSSR�)=%���H�B. pumilis�
FHSSR�467������ QHL� FRQIURQWL� GHOO¶RLGLR� GHOOD� YLWH� �Erysiphe necator��� (QWUDPEL� L�Bacillus�
DSSOLFDWL�����YROWH�QHOOH�IDVL� ILQDOL�GHO�SURJUDPPD�GL�SURWH]LRQH��D�VHJXLWR�GL�WUDWWDPHQWL�FRQ�
DQWLRLGLFL� GL� VLQWHVL�� KDQQR� IRUQLWR� ULVXOWDWL� HTXLSDUDELOL� DOOR� ]ROIR� EDJQDELOH� DQFKH� SHU� OD�
SURWH]LRQH� GHL� UDFKLGL�� FKH� UDSSUHVHQWD� OD� SULQFLSDOH� SUREOHPDWLFD� GD� DIIURQWDUH� D� ILQH� FLFOR�
YHJHWDWLYR�VX�XYD�GD�WDYROD����
3DUROH�FKLDYH��DQWLRLGLFL��DQWDJRQLVWL�PLFURELFL��]ROIR 
 

6800$5<�
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$1'�BACILLUS PUMILIS 675$,1�467�����$*$,167�32:'(5<�0,/'(:�21�
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'XULQJ������DQG�������WZR�ILHOG�WULDOV�ZHUH�FDUULHG�RXW�LQ�$SXOLD��VRXWKHUQ�,WDO\��RQ�WDEOH�JUDSHV�
LQ�RUGHU�WR�YHULI\�WKH�HIIHFWLYHQHVV�RI�WZR�ELRORJLFDO�FRQWURO�DJHQWV��Bacillus amyloliquefaciens�
VWUDLQ� )=%��� DQG� B. pumilis� VWUDLQ� 467������ DJDLQVW� SRZGHU\� PLOGHZ� �Erysiphe necator�
6FKZHLQ��� %RWK� PLFURELDO� DQWDJRQLVWV� DSSOLHG� LQ� ���� VSUD\V� LQ� WKH� ILQDO� VWDJH� RI� SURWHFWLRQ�
VFKHGXOHV�IROORZLQJ�VSUD\V�ZLWK�V\QWKHWLF�IXQJLFLGHV��VKRZHG�UHVXOWV�FRPSDUDEOH�WR�ZHWWDEOH�
VXOSKXU�HYHQ�IRU�WKH�SURWHFWLRQ�RI�WKH�UDFKLV��ZKLFK�UHSUHVHQWV�D�PDLQ�FKDOOHQJH�LQ�WKH�ILQDO�VWDJH�
RI�YHJHWDWLYH�F\FOH�RQ�WDEOH�JUDSHV��
.H\ZRUGV��IXQJLFLGHV��ELRORJLFDO�FRQWURO�DJHQWV��VXOSKXU� 
 

,1752'8=,21(�
Erysiphe necator�6FKZHLQ�q�O¶DJHQWH�FDXVDOH�GHOO¶RLGLR�GHOOD�YLWH��PDODWWLD�PROWR�GDQQRVD�QHL�

FOLPL�FDOGR�DULGL�WLSLFL�GHOO¶,WDOLD�FHQWUR�PHULGLRQDOH�VLD�VX�XYD�GD�YLQR�VLD�VX�XYD�GD�WDYROD��VX�
TXHVW¶XOWLPD�q�SDUWLFRODUH�WHPXWD�SHU�JOL�LQJHQWL�GDQQL�FKH�SXz�FDXVDUH�D�FDULFR�GHOOH�EDFFKH�H�
GHL�UDFKLGL��FRQ�ULSHUFXVVLRQL�QHJDWLYH�VXOOD�FRPPHUFLDELOLWj�GHO�SURGRWWR�SHU�LO�TXDOH�q�ULFKLHVWD�
O¶DVVROXWD�DVVHQ]D�GL�LPSHUIH]LRQL��
��$�FDXVD�GHOOH�GLYHUVH�FRQGL]LRQL�PLFURFOLPDWLFKH�FKH�VL�GHWHUPLQDQR�QHJOL�DSSUHVWDPHQWL�

SURWHWWLYL�LPSLHJDWL�SHU�OD�FROWLYD]LRQH�GHOO¶XYD�GD�WDYROD��OD�PDODWWLD�VL�PDQLIHVWD�FRQ�LQFLGHQ]D�
YDULDELOH�� FRQ�VHYHULWj�PDJJLRUH�QHL� WHQGRQL�FRSHUWL� FRQ� UHWL� DQWLJUDQGLQH�� VHJXLWL�GD� WHQGRQL�
VFRSHUWL� H� GDL� YLJQHWL� IRU]DWL� SHU� DQWLFLSDUH� OD� UDFFROWD�� 1HL� YLJQHWL� FRSHUWL� SHU� ULWDUGDUH� OD�
UDFFROWD��SRL��VSHVVR�VL�UHQGH�QHFHVVDULR�SUROXQJDUH�OD�SURWH]LRQH�EHQ�ROWUH�OD�IDVH�IHQRORJLFD�
GHOO¶LQYDLDWXUD�� ILQR� D� VHWWHPEUH�RWWREUH� SHU� SUHYHQLUH� OH� LQIH]LRQL� WDUGLYH� VXL� UDFKLGL�
�'RQJLRYDQQL�HW�DO��������D��E���6XOOD�EDVH�GL�XQD�FRQVROLGDWD�HVSHULHQ]D�LQ�3XJOLD��DO�ILQH�GL�
SUHYHQLUH�O¶LQVHGLDPHQWR�GHO�SDWRJHQR�QHO�YLJQHWR�H�JDUDQWLUH�OD�VDQLWj�GHL�JUDSSROL�q�QHFHVVDULD�
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O¶HVHFX]LRQH�GL�QXPHURVL�LQWHUYHQWL�GD�HVHJXLUH�FRQ�XQ�DSSURFFLR�SUHYHQWLYR��6DQWRPDXUR�HW�DO���
�������/¶LPSRVWD]LRQH�GL�DGHJXDWH�VWUDWHJLH�DQWLRLGLFKH�QRQ�q�FRPXQTXH�DJHYROH��D�FDXVD�GHOOH�
QXPHURVH�OLPLWD]LRQL�GL�HWLFKHWWD��GL�TXHOOH�UHODWLYH�DO�3LDQWR�GL�$]LRQH�1D]LRQDOH��3$1��H�DL�
GLVFLSOLQDUL�GL�GLIHVD�LQWHJUDWD��DOOD�QHFHVVLWj�GL�DGRWWDUH�RSSRUWXQH�VWUDWHJLH�DQWLUHVLVWHQ]D�H�GL�
GRYHU�JHVWLUH�OD�SUREOHPDWLFD�GHL�UHVLGXL��FKH�KD�DVVXQWR�QHJOL�XOWLPL�DQQL�XQ�DVSHWWR�GL�SULPDULD�
LPSRUWDQ]D��FRQGL]LRQDQGR� OH� VFHOWH�GL� WHFQLFL�HG�DJULFROWRUL� VSHVVR�D� VFDSLWR�GL�XQD�FRUUHWWD�
JHVWLRQH�ILWRLDWULFD���
1RQRVWDQWH� O¶DPSLD� GLVSRQLELOLWj� GL� DQWLRLGLFL� GL� VLQWHVL�� DSSDUWHQHQWL� D� GLIIHUHQWL� IDPLJOLH�

FKLPLFKH� �DPLGRVVLQH�� 6'+,�� VWURELUXOLQH�� WULD]ROL�� HFF���� q� SHUWDQWR� VHPSUH� SL�� SUHVVDQWH�
O¶HVLJHQ]D�GL� GLVSRUUH�GL� VRVWDQ]H� D� ULGRWWR� LPSDWWR�� DQWDJRQLVWL�PLFURELFL�� VRVWDQ]H� QDWXUDOL��
LQGXWWRUL�GL�UHVLVWHQ]D�QHOOH�SLDQWH��6RQR�LQ�DXPHQWR�OH�VRVWDQ]H�UHJLVWUDWH�VX�XYD�GD�WDYROD�SHU�
OD�SURWH]LRQH�DQWLRLGLFD�FRQ�TXHVWH�FDUDWWHULVWLFKH��TXDOL� ODPLQDULQD��&26�2*$��FHUHYLVDQH�H�
ELFDUERQDWR�GL�SRWDVVLR��PD�O¶HVLJHQ]D�GL�GLVSRUUH�GL�XOWHULRUL�VWUXPHQWL�q�FRPXQTXH�IRUWHPHQWH�
VHQWLWD�VLD�LQ�DJULFROWXUD�ELRORJLFD�FKH�DJULFROWXUD�LQWHJUDWD��
1HO�SUHVHQWH�ODYRUR��SHUWDQWR��VL�q�LQWHVR�DFTXLVLUH�LQIRUPD]LRQL�UHODWLYH�DOO¶HIILFDFLD�GL�GXH�

DJHQWL� GL� ELRFRQWUROOR��Bacillus pumilis� FHSSR�467�����H�Bacillus amyloliquefaciens� FHSSR�
)=%����D�FRQIURQWR�FRQ�]ROIR�EDJQDELOH�� LPSLHJDWL�SHU�SL�� WUDWWDPHQWL�FRQVHFXWLYL� QHOOH� IDVL�
ILQDOL�GHL�SURJUDPPL�GL�SURWH]LRQH�DQWLRLGLFD�D�VHJXLWR�GL�YDULH�DOWHUQDQ]H�GL� WUDWWDPHQWL�FRQ�
IXQJLFLGL�GL�VLQWHVL�GL�XVR�FRPXQH���
�

0$7(5,$/,�(�0(72',�
1HO������H�������LQ�DJUR�GL�&DQRVD�GL�3XJOLD�H�7XUL��SURYLQFLD�GL�%DUL���VRQR�VWDWH�FRQGRWWH�

GXH�SURYH�LQ�YLJQHWL�DG�XYD�GD�WDYROD�DOOHYDWL�D�WHQGRQH�FRSHUWL�FRQ�UHWL�DQWLJUDQGLQH��XQR�GL����
DQQL�FY�,WDOLD�FRQ�VHVWR�GL�����[�����P��SURYD�$��H�O¶DOWUR�GL����DQQL�FY�9LFWRULD�FRQ�VHVWR�GL�����
[�����P��SURYD�%����
�

7DEHOOD����)XQJLFLGL�LPSLHJDWL�QHOOH�GXH�SURYH�H�GRVL�GL�DSSOLFD]LRQH�

6RVWDQ]H�DWWLYH��V�D���
)RUPXODWL�

FRPPHUFLDOL�
R�VLJODWL�

&RQFHQWUD]LRQH�
GL�V�D��H�

IRUPXOD]LRQH�

'RVH�
IRUP���J�R�
P/�KD��

3URYH�

$� %�

Bacillus pumilis�467������ 6RQDWD�$62� �
����
&)8�J6&� ����� [� [�

Bacillus amyloliquefaciens�
)=%��� $�����$� �
�����&)8�J�

:3� ���� [� [�

&\IOXIHQDPLG� &LGHO\� �����J�/�(:� ���� [� [�
0HWUDIHQRQH� 9LYDQGR� ����J�/�6&� ���� [� [�
3HQFRQD]ROR� 7RSDV�����:*� �����:*� ����� [� [�
4XLQR[\IHQ� $ULXV� �������6&� ���� [� �
6SLUR[DPLQD� 3URVSHU�����&6� ������6&� ��������
� [� [�
7ULIOR[LVWURELQ� )OLQW� ����:*� ���� [� [�
=ROIR�EDJQDELOH� 7LRYLW�-HW� ����:*� ���������

� [� [�


6SLUR[DPLQD��q�VWDWD�LPSLHJDWD�DOOH�GRVL�GL�����P/�KD�LQ�SUH�ILRULWXUD�HG�D������P/�KD�QHL�WUDWWDPHQWL�
VXFFHVVLYL��

]ROIR�EDJQDELOH��q�VWDWR�LPSLHJDWR�D������J�KD�QHL�WUDWWDPHQWL�GL�DSHUWXUD�HG�DOOD�GRVH�GL������
J�KD�QHL�WUDWWDPHQWL�GL�FKLXVXUD�
�
,�FDPSL�VSHULPHQWDOL�FRPSUHQGHYDQR�HQWUDPEL���EORFFKL�UDQGRPL]]DWL�H�SDUFHOOH�GL���SLDQWH��

VHSDUDWH�GDOOH�DWWLJXH�GD�XQD�ILOD�GL�ERUGR�QRQ�WUDWWDWD�SHU�HYLWDUH�JOL�HIIHWWL�GHULYD�GHL�WUDWWDPHQWL�
H�IDYRULUH�OR�VYLOXSSR�GHOO¶LQRFXOR�GHO�SDWRJHQR���
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,�WUDWWDPHQWL��HVHJXLWL�FRQ�SRPSH�D�PRWRUH�D�]DLQR�FKH�HURJDYDQR�O¶HTXLYDOHQWH�GL�������/�KD��
VRQR�VWDWL� DYYLDWL� LQ�SUH�ILRULWXUD�H� VRQR�VWDWL�SURVHJXLWL� ILQR�DOO¶LQYDLDWXUD�SHU� OD�SURYD�$��D�
PDWXUD]LRQH�SHU� OD�SURYD�%�� ,� IXQJLFLGL�VDJJLDWL�VRQR�ULSRUWDWL�QHOOD� WDEHOOD����/H�VWUDWHJLH�GL�
SURWH]LRQH�DGRWWDWH��OH�GRVL�GL�LPSLHJR�H�OH�GDWH�GHL�WUDWWDPHQWL�VRQR�ULSRUWDWH�QHOOH�WDEHOOH���H����
�

3URYD�$���������
6RQR�VWDWH�SRVWH�D�FRQIURQWR���WHVL��FRPSUHVR�LO�WHVWLPRQH�QRQ�WUDWWDWR��,Q�WXWWH�OH�WHVL�WUDWWDWH�

VL�q�LQWHVR�YDOXWDUH�VWUDWHJLH�GL�SURWH]LRQH�FKH�SUHYHGHYDQR�GDOOD�SUH�ILRULWXUD��%%&+�����ILQR�
D� %%&+� ��� �DFLQL� GHOOD� GLPHQVLRQH� GL� XQ� SLVHOOR�� O¶LPSLHJR� GL� DQWLRLGLFL� GL� VLQWHVL� GL� XVR�
FRQVROLGDWR� GLYHUVDPHQWH� DOWHUQDWL�� HVHJXLWL� D� FDGHQ]H� GL� ����� JLRUQL�� VHJXLWL� GD� FLQTXH�
WUDWWDPHQWL�FRQVHFXWLYL�FRQ�DQWDJRQLVWL�PLFURELFL��B. pumilis��WHVL����R�B. amyloliquefaciens��WHVL�
���D�FRQIURQWR�FRQ�]ROIR�EDJQDELOH��WHVL�����DGRWWDQGR� LQWHUYDOOL�IUD�L�WUDWWDPHQWL�GL�����JLRUQL��
&RPSOHVVLYDPHQWH�SHU�WXWWH�OH�WHVL��VRQR�VWDWL�HVHJXLWL����WUDWWDPHQWL�ILQR�DOOD�IDVH�IHQRORJLFD�
G¶LQYDLDWXUD��%%&+�����WDEHOOD�����
�
3URYH�%��������
Ê�VWDWR�YDOXWDWR�O¶LPSLHJR�GL�B. pumilis��WHVL����H�B. amyloliquefaciens��WHVL����D�FRQIURQWR�FRQ�

]ROIR�EDJQDELOH��WHVL����LQ�WUDWWDPHQWL�GL�FKLXVXUD�GRSR���DSSOLFD]LRQL�FRQVHFXWLYH�GLYHUVDPHQWH�
DOWHUQDWH� FRQ� SURGRWWL� GL� VLQWHVL�� ,Q� WXWWH� OH� WHVL� OH� DSSOLFD]LRQL� VRQR� VWDWH� DYYLDWH� DOOD� IDVH�
IHQRORJLFD� GL� SUH�ILRULWXUD� �%%&+���� FRQ� VSLUR[DPLQD�� SURVHJXLWH� FRQ� DOWHUQDQ]D� GL�
WULIOR[LVWURELQ����WUDWWDPHQWL���VSLUR[DPLQD�����H�PHWUDIHQRQH�����SHU�OH�WHVL���H����VSLUR[DPLQD�
�����FLIOXIHQDPLG�����H�SHQFRQD]ROR�����SHU�OD�WHVL����3HU�WXWWH�OH�WHVL�VRQR�VWDWL�DGRWWDWL�LQWHUYDOOL�
GL� ������ JLRUQL� SHU� L� WUDWWDPHQWL� LQL]LDOL� GD� SUH�ILRULWXUD� �%%&+���� D� SUH�FKLXVXUD� JUDSSROR�
�%%&+�����GL������JLRUQL�SHU�L�WUDWWDPHQWL�FRQ�DQWDJRQLVWL�PLFURELFL�H�]ROIR�ILQR�D�%%&+���
�WDEHOOD������
,Q�HQWUDPEH�OH�SURYH�L�ULOLHYL�VRQR�VWDWL�HVHJXLWL�RVVHUYDQGR�WXWWL�L�JUDSSROL�SUHVHQWL�VXOOH�SLDQWH�

FHQWUDOL�GL�FLDVFXQD�SDUFHOOD��DGRWWDQGR�XQD�VFDOD�HPSLULFD�FRPSUHQGHQWH���FODVVL�>�� �JUDSSROR�
�UDFKLGH��VDQR���� �����EDFFKH�LQIHWWH��EL��R�FHQWUL�GL�LQIH]LRQH�VXO�UDFKLGH��FL����� ������EL�R�FL��
�� �������EL�R�FL���� �ILQR�DO�����EL�R�VXSHUILFLH�LQIHWWD�GHO�UDFKLGH��VL����� ��������EL�R�VL���� �
�������EL�R�VL���� �ROWUH�LO�����EL�R�VL@��/¶DGR]LRQH�GHOOD�VFDOD�HPSLULFD�KD�SHUPHVVR�GL�FDOFRODUH�
O¶LQFLGHQ]D��,��GHOOD�PDODWWLD��O¶LQWHQVLWj�PHGLD�SRQGHUDWD�GHOOD�PDODWWLD��,QGLFH�GL�0F.LQQH\��
0F.���7XWWL� L� GDWL�� TXDQGR� QHFHVVDUL� WUDVIRUPDWL� LQ� YDORUL� DQJRODUL� VHFRQGR�%OLVV�� VRQR� VWDWL�
VRWWRSRVWL�DOO¶DQDOLVL�GHOOD�YDULDQ]D�H�OH�PHGLH�VHSDUDWH�FRQ�LO�WHVW�GL�7XNH\����������
�

5,68/7$7,�
3URYD�$�
/H�SULPH�EDFFKH�FRQ�VLQWRPL�GL�RLGLR�QHO� WHVWLPRQH�QRQ� WUDWWDWR�VRQR�VWDWH�RVVHUYDWH�QHOOD�

VHFRQGD�GHFDGH�GL�JLXJQR��'XUDQWH�LO�SULPR�ULOLHYR�����JLXJQR���O¶���GHL�JUDSSROL�GHO�WHVWLPRQH�
QRQ�WUDWWDWR�HUDQR�LQIHWWL��FRQ�XQ�YDORUH�GHOO¶LQGLFH�GL�0F.LQQH\�PROWR�EDVVR��SDUL�DG������LQ�WDOH�
GDWD�WXWWL�L�JUDSSROL�GHOOH�WUH�VWUDWHJLH�GL�SURWH]LRQH�DGRWWDWH�QRQ�PDQLIHVWDYDQR�VLQWRPL�GL�RLGLR�
�GDWL� QRQ� ULSRUWDWL��� 6XFFHVVLYDPHQWH� q� VWDWR� RVVHUYDWR� XQ� UDSLGR� LQFUHPHQWR� GHL� YDORUL�
G¶LQIH]LRQH�H�GRSR�FLUFD�GXH�VHWWLPDQH����OXJOLR��O¶����GHL�JUDSSROL�GHOOH�SDUFHOOH�GHOOD�WHVL�QRQ�
WUDWWDWD� VRQR� ULVXOWDWL� LQIHWWL�� FRQ�XQ�YDORUH�GHOO¶,QGLFH�GL�0F.LQQH\�SDUL� DO� ������ �GDWL� QRQ�
ULSRUWDWL���$O�WHUPLQH�GHOOD�SURYD����DJRVWR��TXDVL�WXWWL�L�JUDSSROL�GHO�WHVWLPRQH�QRQ�WUDWWDWR�VRQR�
ULVXOWDWL�LQIHWWL�FRQ�YDORUL�GHOO¶,QGLFH�GL�0F.LQQH\�SDUL�D��������WDEHOOD�����,Q�WDOL�FRQGL]LRQL�GL�
HOHYDWD�LQFLGHQ]D�GHOOD�PDODWWLD��FRQ�YDORUL�GL�JUDYLWj�PHGLR�EDVVL��OH�WUH�VWUDWHJLH�GL�SURWH]LRQH�
VDJJLDWH�� LQ� FXL� QHL� SURJUDPPL� GL� FKLXVXUD� q� VWDWR� SUHYLVWR� O¶LPSLHJR� SHU� �� DSSOLFD]LRQL�
FRQVHFXWLYH� GL� ]ROIR� �WHVL� ���� B. pumilis� �WHVL� ��� R� B. amyloliquefaciens�� KDQQR� JDUDQWLWR�
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XQ¶RWWLPD� SURWH]LRQH� GHL� JUDSSROL�� FRQ� YDORUL� GL� GLIIXVLRQH� H� GHOO¶LQGLFH� GL� 0F.LQQH\��
ULVSHWWLYDPHQWH�LQIHULRUL�D����H�������WHVL�����WDEHOOD�����1HO�FRUVR�GL�TXHVWR�ULOLHYR��LO�������
GHL� UDFKLGL�GHOOH�SDUFHOOH�QRQ� WUDWWDWH� VRQR� ULVXOWDWL� LQIHWWL�FRQ�XQ� LQGLFH�GL�0F.LQQH\�SDUL�D�
������,Q�WDOL�FRQGL]LRQL�O¶HVHFX]LRQH�GL�FLQTXH�DSSOLFD]LRQL�FRQVHFXWLYH�FRQ�]ROIR��WHVL�����B. 
pumilis �WHVL����R�B. amyloliquefaciens��WHVL�����KD�JDUDQWLWR�OD�FRPSOHWD�DVVHQ]D�GL�VLQWRPL�VXL�
UDFKLGL�ILQR�DO�WHUPLQH�GHOOD�SURYD��WDEHOOD������
�
7DEHOOD����3URYD�$� ������� ±�3URJUDPPL�GL� SURWH]LRQH� VDJJLDWL� H� GDWL� G¶LQIH]LRQH� ULOHYDWL� VX�
JUDSSROL�H�UDFKLGL�

3URJUDPPL�
G¶LQWHUYHQWR�

'DWH�GHL�WUDWWDPHQWL� 5LOLHYR�GHO����DJRVWR������
*UDSSROL� 5DFKLGL�

�� �� �� �� �� �� �� �� �� ��� ��� ,����� 0F.����� ,����� 0F.�����

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

������
D�$�

������
D�$�

�����
D�$�

����6SLUR[DPLQD� [� �� �� �[� �� �� �� �� �� �� ��
�����
E�%�

�����
E�%�

���
E�%�

���
E�%�

7ULIOR[\VWURELQ� �� [� [� �� �� �� �� �� �� �� ��
0HWUDIHQRQH� �� �� �� �� [� [� �� �� �� �� ��
=ROIR�EDJQDELOH� �� �� �� �� �� �� [� [� [� [� [�
����6SLUR[DPLQD� [� �� �� �[� �� �� �� �� �� �� ��

�����
EF�%&�

�����
E�%�

���
E�%�

���
E�%�

7ULIOR[\VWURELQ� �� [� [� �� �� �� �� �� �� �� ��
0HWUDIHQRQH� �� �� �� �� [� [� �� �� �� �� ��
B. pumilis  �� �� �� �� �� �� [� [� [� [� [�
����=ROIR�EDJQDELOH� [� �� �� �� �� �� �� �� �� �� ��
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4XLQR[\IHQ� �� [� [� �� �� �� �� �� �� �� ��
&LIOXIHQDPLG� �� �� �� [� [� �� �� �� �� �� ��
3HQFRQD]ROR� �� �� �� �� �� [� � �� �� �� ��
B. amyloliquefaciens� �� �� �� �� �� �� �[� [� [� [� [�

'DWH�GHL�WUDWWDPHQWL�������PDJJLR��������PDJJLR��LQL]LR�ILRULWXUD���������PDJJLR��ILQH�ILRULWXUD��������
JLXJQR��������JLXJQR��������JLXJQR�������OXJOLR��������OXJOLR��������OXJOLR���������OXJOLR��������DJRVWR���
,Q� WXWWH� OH� WDEHOOH�� L� YDORUL� PHGL� QRQ� VHJXLWL� GD� OHWWHUH� XJXDOL� VXOOD� FRORQQD� VRQR� GLIIHUHQ]LDELOL�
VWDWLVWLFDPHQWH�D�3 ������PLQXVFROH��R�3 ������PDLXVFROH��
�

3URYD�%�
3HU� TXDVL� WXWWR� LO� PHVH� GL� PDJJLR�� GXUDQWH� LO� SHULRGR� GL� GLVWHQVLRQH� GHOOH� LQILRUHVFHQ]H��

O¶DQQDWD�q�VWDWD�FDUDWWHUL]]DWD�GD�DEEDVVDPHQWL�WHUPLFL��SLRJJH�LQWHQVH�HG�DEERQGDQWL�FKH�KDQQR�
GHWHUPLQDWR� XQ� IRUWH� ULWDUGR� GHOOD� HYROX]LRQH� GHOOH� IDVL� IHQRORJLFKH� H� FRQVHJXHQWHPHQWH�
GHOO¶DYYLR�GHOOH�DSSOLFD]LRQL��FRQ�LO�YHULILFDUVL�GHOOD�ILRULWXUD�QHO�FDPSR�VSHULPHQWDOH�QHOOD�SULPD�
GHFDGH� GL� JLXJQR�� 6XFFHVVLYDPHQWH� OH� FRQGL]LRQL� PHWHRURORJLFKH� KDQQR� VXELWR� XQD� QHWWD�
LQYHUVLRQH�H�VRQR�VWDWH�FDUDWWHUL]]DWH��GXUDQWH�O¶LQWHUR�SHULRGR�GDOOD�ILRULWXUD�DOO¶DFFUHVFLPHQWR�
GHOOH� EDFFKH�� GD� WHPSHUDWXUH� HOHYDWH�� FRQ� IUHTXHQWL� SLFFKL� LQWRUQR� DL� ���&�� 3HUWDQWR�� OH�
FRQGL]LRQL� PHWHRURORJLFKH� VRQR� ULVXOWDWH� SDUWLFRODUPHQWH� VIDYRUHYROL� DOOR� VYLOXSSR� GHOOD�
PDODWWLD�SHU�WXWWR�LO�SHULRGR�GL�PDVVLPD�VXVFHWWLELOLWj�GHOOD�FROWXUD��,�SULPL�VLQWRPL�GL�RLGLR�VXOOH�
EDFFKH�QHO�WHVWLPRQH�QRQ�WUDWWDWR�VRQR�VWDWL�RVVHUYDWL�VROR�QHOOD�SULPD�GHFDGH�GL�DJRVWR��PROWR�
WDUGLYDPHQWH� ULVSHWWR� DOOH� DOWUH� DQQDWH� LQ� FXL� OH� LQIH]LRQL� GL� RLGLR� QHOO¶DUHDOH� FRQVLGHUDWR� VL�
YHULILFDQR�VROLWDPHQWH�WUD�O¶XOWLPD�GHFDGH�GL�JLXJQR�H�OD�SULPD�GHFDGH�GL�OXJOLR��'XUDQWH�LO�SULPR�
ULOLHYR� ���DJRVWR��� LO����GHL�JUDSSROL�HG� LO������GHL� UDFKLGL�GHO� WHVWLPRQH�QRQ� WUDWWDWR�HUDQR�
LQIHWWL�� FRQ�YDORUL�GHOO¶LQGLFH�GL�0F.LQQH\�PROWR�EDVVL�� ULVSHWWLYDPHQWH�SDUL�D������H�������
QHVVXQ�VLQWRPR�q�VWDWR�RVVHUYDWR�LQ�WXWWH�OH�WHVL�WUDWWDWH��Qp�VXJOL�DFLQL�Qp�VX�UDFKLGL��GDWL�QRQ�
ULSRUWDWL���6XFFHVVLYDPHQWH��QRQ�VRQR�VWDWH�RVVHUYDWH�HYROX]LRQL�GHOOH�LQIH]LRQL�VXOOH�EDFFKH�GHO�
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WHVWLPRQH�QRQ�WUDWWDWR��PHQWUH�QHOOD�VHFRQGD�GHFDGH�GL�DJRVWR��VXL�UDFKLGL�q�VWDWR�RVVHUYDWR�XQ�
UDSLGR�LQFUHPHQWR�GHOOH�LQIH]LRQL��1HO�FRUVR�GHOO¶XOWLPR�ULOLHYR�����DJRVWR���LO�������GHL�UDFKLGL�
GHOOH�SDUFHOOH�GHOOD�WHVL�QRQ�WUDWWDWD�VRQR�ULVXOWDWL�LQIHWWL��FRQ�XQ�YDORUH�GHOO¶,QGLFH�GL�0F.LQQH\�
SDUL�DO��������,Q�TXHVWH�FRQGL]LRQL�����JLRUQL�GRSR�O¶XOWLPD�DSSOLFD]LRQH�FRQ�B. pumilis��WHVL�����
B. amyloliquefaciens� �WHVL����R� ]ROIR� �WHVL� ���� OH� WUH� WHVL� WUDWWDWH�KDQQR�PRVWUDWR� VLJQLILFDWLYH�
�S ������ULGX]LRQL�GHL�YDORUL�G¶LQIH]LRQH�VXL�UDFKLGL�ULVSHWWR�DO�WHVWLPRQH�QRQ�WUDWWDWR��FRQ�YDORUL�
GL�GLIIXVLRQH�H�GHOO¶,QGLFH�GL�0F.LQQH\�LQIHULRUL�D������H�������WHVL�����WDEHOOD������
�
7DEHOOD����3URYD�%��������±�3URJUDPPL�GL�SURWH]LRQH�VDJJLDWL�H�GDWL�G¶LQIH]LRQH�ULOHYDWL�VX�
JUDSSROL�H�UDFKLGL�

3URJUDPPL�G¶LQWHUYHQWR�
'DWH�GHL�WUDWWDPHQWL�

5LOLHYR�GHO�����DJRVWR������
*UDSSROL� 5DFKLGL�
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&LIOXIHQDPLG� �� �� �� [� [� �� �� �� ��
3HQFRQD]ROR� �� �� �� �� �� [� �� �� ��
B. amyloliquefaciens� �� �� �� �� �� �� [� [� [�

'DWH�GHL�WUDWWDPHQWL��������PDJJLR��������JLXJQR��LQL]LR�ILRULWXUD���������JLXJQR��ILQH�ILRULWXUD������
�OXJOLR��������OXJOLR��������OXJOLR�������DJRVWR�������DJRVWR��������DJRVWR��
�

&21&/86,21,�
1HOOH�FRQGL]LRQL�GL�HVHFX]LRQH�GHOOH�GXH�SURYH�VSHULPHQWDOL��FRQ�LQFLGHQ]D�GHOOD�PDODWWLD�GD�

EDVVD� D� PHGLR�DOWD�� HQWUDPEL� JOL� DQWDJRQLVWL� PLFURELFL� VDJJLDWL�� B. pumilis H� B. 
amyloliquefaciens�� DSSOLFDWL�QHOOH� IDVL� ILQDOL�GHL�SURJUDPPL�GL�SURWH]LRQH�GRSR�DOWHUQDQ]H�GL�
DQWLRLGLFL� GL� VLQWHVL� QHOOH� IDVL� GL� PDJJLRU� ULVFKLR� GL� LQIH]LRQH�� KDQQR� JDUDQWLWR� XQD� EXRQD�
SURWH]LRQH� VLD� GHOOH� EDFFKH� FKH� GHL� UDFKLGL�� SDUDJRQDELOH� DOOR� ]ROIR� EDJQDELOH�� IXQJLFLGD�
WUDGL]LRQDOPHQWH�LPSLHJDWR�QHOOH�IDVL�ILQDOL�GHO�FLFOR�YHJHWDWLYR��
'DOOH� HYLGHQ]H� HPHUVH� VL� SXz� GHVXPHUH� FKH� L� GXH� ELRIXQJLFLGL� SRVVDQR� HVVHUH� LQVHULWL� QHL�

SURJUDPPL�GL�SURWH]LRQH�DQWLRGLFD��IRUQHQGR�XQ�XOWHULRUH�VXSSRUWR�VRSUDWWXWWR�QHOOH�IDVL�ILQDOL�
GHO�SURJUDPPD�GL�SURWH]LRQH�� LQ�SDUWLFRODUH�SHU�SUHYHQLUH� LQIH]LRQL�D�FDULFR�GHL� UDFKLGL�� FKH�
UDSSUHVHQWD��LQ�SDUWLFRODUL�FRQWHVWL�FROWXUDOL��OD�SULQFLSDOH�SUREOHPDWLFD�GD�DIIURQWDUH�D�ILQH�FLFOR�
YHJHWDWLYR�VX�XYD�GD�WDYROD���
,�IRUPXODWL�GHL�GXH�DQWDJRQLVWL��LQROWUH��VL�FDUDWWHUL]]DQR�SHU�GLYHUVL�DOWUL�DVSHWWL�SRVLWLYL��XWLOL�

VRSUDWWXWWR�SHU� L� SURGXWWRUL� GL� XYD�GD� WDYROD�� ��� QRQ� LPEUDWWDQR� OD� YHJHWD]LRQH�� ��� QRQ� VRQR�
LUULWDQWL� SHU� OD� SHOOH� H� OH� PXFRVH� GHJOL� RSHUDWRUL�� XQ� DVSHWWR� FULWLFR� GHOOR� ]ROIR�� ��� QRQ�
GDQQHJJLDQR�L�ILOP�SODVWLFL�LPSLHJDWL�SHU�OH�FRSHUWXUH�GHL�YLJQHWL�D�GLIIHUHQ]D�GHOOR�]ROIR�����QRQ�
ODVFLDQR� UHVLGXL� H� TXLQGL� ULVSRQGRQR� DOOH� SUHVVDQWL� ULFKLHVWH� GHOOD� *UDQGH� 'LVWULEX]LRQH�
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2UJDQL]]DWD��FKH�VHEEHQH�LQDSSURSULDWH��FRQGL]LRQDQR�IRUWHPHQWH�OH�VFHOWH�GHJOL�RSHUDWRUL�GHO�
VHWWRUH���
3RFKH�VRQR�SHUz�OH�FRQRVFHQ]H�VXOO¶HIILFDFLD�GL�TXHVWH�PROHFROH�LQ�DSSOLFD]LRQL�FRQVHFXWLYH�

HG� HVFOXVLYH� SHU� O¶LQWHUR� SURJUDPPD� GL� SURWH]LRQH�� %XRQD� HIILFDFLD� q� VWDWD� FRQVHJXLWD� QHL�
FRQIURQWL� GHOO¶RLGLR� VX� YLWH�GD�YLQR� H� FROWXUH�RUWLFROH�� LQ�GLYHUVH�SURYH� FRQGRWWH� LQ� ,WDOLD� HG�
(XURSD� �/D]]DUL�HW� DO���������=XIID�HW� DO����������(¶�QRWR�SHUz�FKH� O¶HIILFDFLD�GHJOL�DJHQWL�GL�
ELRFRQWUROOR��q�IRUWHPHQWH�FRQGL]LRQDWD�GD�QXPHURVL� IDWWRUL��TXDOL�PRGDOLWj�GL�FRQVHUYD]LRQH��
SUHVVLRQH�GL�PDODWWLD��FRQGL]LRQL�DPELHQWDOL��VWDWR�YHJHWDWLYR�GHOOH�SLDQWH��RSHUD]LRQL�FROWXUDOL��
PRGDOLWj�GL�DSSOLFD]LRQH��FRPSDWLELOLWj�FRQ�JOL�DOWUL�SURGRWWL�ILWRVDQLWDUL�LPSLHJDWL�VXOOD�FROWXUD�
�3HUWRW�HW�DO����������3HUWDQWR��XOWHULRUL�DSSURIRQGLPHQWL�H�VWXGL�VRQR�QHFHVVDUL�VX�XYD�GD�WDYROD��
LQ�GLYHUVH�FRQGL]LRQL�FROWXUDOL�SHU�FRPSUHQGHUQH�LO�UHDOH�FRPSRUWDPHQWR�H�IRUQLUH�GDWL�VROLGL�D�
WHFQLFL�H�YLWLFROWRUL���
�

/$925,�&,7$7,�
'RQJLRYDQQL�&���'L�&DUROR�0���)XPDUROD�*���)DUHWUD�)�������D��(IILFDFLD�GHO�QXRYR�IXQJLFLGD�

IOX[DS\UR[DG��;HPLXP��H�GL�XQD�QXRYD�IRUPXOD]LRQH�:*�GL�SHQFRQD]ROR�SHU�OD�SURWH]LRQH�
GHOO¶RLGLR�VX�XYD�GD�WDYROD��Atti Giornate Fitopatologiche���������������

'RQJLRYDQQL�&���'L�&DUROR�0���)XPDUROD�*���)DUHWUD�)�������E��1XRYH�VWUDWHJLH�HIILFDFL�FRQWUR�
O¶RLGLR�VX�XYD�GD�WDYROD��L’Informatore Agrario�������������

/D]]DUL� 9��� %RHEHO� &��� *XLGL� &��� /D]]DWL� 6��� 5LFFL� 0��� &DQWRQL� $��� ������ Bacillus pumilis 
467�����6&��QXRYR�IXQJLFLGD�ELRORJLFR�SHU�OD�SURWH]LRQH�GL�YLWH�HG�RUWLFROH��Atti Giornate 
Fitopatologiche��������±�����

3HUWRW�,���3URGRUXWWL�'���$QJHOL�'���3XRSROR�*���*LRYDQQLQL�2���3HOOHJULQL�$���2OLYHLUD�/RQJD�
&�0��� 3HUD]]ROOL� 0��� ������ 'LIHVD� VRVWHQLELOH� FRQ� L� ELRIXQJLFLGL� PLFURELRORJLFL��
L'Informatore Agrario���������������

6DQWRPDXUR� $��� 3ROODVWUR� 6��� 'RQJLRYDQQL� &��� 7DXUR� *��� *LDPSDROR� &��� )DUHWUD� )��� ������
3URWH]LRQH�LQWHJUDWD�GDOOH�PDODWWLH�IXQJLQH�QHOOD�YLWLFROWXUD�GD�WDYROD��Frutticoltura��������
�����

7XNH\�-���������&RPSDULQJ�,QGLYLGXDO�0HDQV�LQ�WKH�$QDO\VLV�RI�9DULDQFH��Biometrics. ����������
���. �

=XIID� 0��� ,QIDQWLQR� $��� *DOHD]]L� 0��� ������ 1XRYR� ELRIXQJLFLGD� D� EDVH� GL� Bacillus 
amyloliquefaciens &HSSR�)=%���� HVSHULHQ]H�QHO� FRQWHQLPHQWR�GL� RLGLR�GHO� �SRPRGRUR�H�
ERWULWH�YLWH��Atti Giornate Fitopatologiche��������±����
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