
$SSO\LQJ�(31V�LQ�WKH�ILHOG 

$SSO\�(31V�ZKHQ�LW�LV�HLWKHU�FORXG\�RU�DURXQG�
VXQVHW�WR�DYRLG�89�UD\V�ZKLFK�FDQ�NLOO�(31V� 

(31V�UHTXLUH�QRQ-FKORULQDWHG�ZDWHU�WR�PRYH� 
LQ�WKH�VRLO��FKORULQH�ZLOO�NLOO�(31V� 

$JLWDWH�(31V�LQ�WDQN�GXULQJ�DSSOLFDWLRQ�WR�HQ�
VXUH�D�FRQVWDQW�UDWH�DV�WKH\�VHWWOH�WR�WKH�ERWWRP� 

$SSO\�DQ\WLPH�GXULQJ�WKH�JURZLQJ�VHDVRQ�EHIRUH�
6HSWHPEHU����LGHDOO\�ZKHQ�VRLO�WHPSHUDWXUHV�DUH�
EHWZHHQ���-��R)�DQG�VRLOV�KDYH�PRLVWXUH� 

$SSOLFDWLRQ�UDWHV��6SUD\HUV�VKRXOG�EH�FDOLEUDWHG�DW���-���JDOORQV�SHU�DFUH�DQG�(31V�DS�
SOLHG�DW�D�UDWH�RI����-����PLOOLRQ�SHU�DFUH� 

7KLQJV�WR�FRQVLGHU� 6SUD\HU�UHTXLUHPHQWV 

5HPRYH�VFUHHQV�
DQG�ILOWHUV��DQG�XVH�
IHUWLOL]HU�VWHDP� 
QR]]OHV�����-������
LQ�RUGHU�WR�SUHYHQW�
WKH�(31V�IURP� 
FORJJLQJ� 

2SHQ�QR]]OH�ERGLHV�
DQG�OHW�(31V� 
GULEEOH�RXW�LQ�D�
VWUHDP�RI�ZDWHU� 

:K\�XVH�QDWXUDOO\�RFFXUULQJ�(31V�LQVWHDG� 
RI�FRPPHUFLDOO\�DYDLODEOH�(31V" 

&RPPHUFLDOO\�DYDLODEOH�(31�VWUDLQV�DUH�UHDGLO\�REWDLQDEOH�DQG�XVHIXO�LQ�FRQWUROOHG�VHWWLQJV��KRZHY�
HU��WKHUH�DUH�PDQ\�SUREOHPV�ZKHQ�XVLQJ�WKHP�IRU�ORQJ-WHUP�ELRORJLFDO�FRQWURO�LQ�ILHOG�FURSSLQJ�V\V�
WHPV��,Q�JHQHUDO��FRPPHUFLDO�(31V�DUH�DGDSWHG�WR�ODERUDWRU\�FRQGLWLRQV�DQG�VWUXJJOH�WR�LQIHFW�KRVWV�
DQG�SHUVLVW�LQ�ILHOG�VHWWLQJV�LQ�WKH�DEVHQFH�RI�KRVWV��HVSHFLDOO\�LQ�H[WUHPH�ZHDWKHU�HYHQWV��DQG�WKH\�
DUH�UHODWLYHO\�H[SHQVLYH�WR�XVH�ZKHQ�DSSOLHG�DQQXDOO\�DW�KLJK�UDWHV��6HYHUDO�EHQHILWV�RI�XVLQJ�ORFDO�
(31V�DUH�OLVWHG�EHORZ�� 

$GGLWLRQDO�UHVRXUFHV 
¨ 3OHDVH�UHIHU�DQ\�TXHVWLRQV�RU�FRPPHQWV�WR�$GULDQ�3HNDUFLN��SHNDUFLN��#RVX�HGX��� 
¨ $GGLWLRQDO�LQIRUPDWLRQ�DERXW�$*%�FDQ�EH�IRXQG�DW�ZZZ�DJLQVHFWV�RVX�HGX 
¨ 'U��(OVRQ�6KLHOGV¶�ODE�DW�&RUQHOO�8QLYHUVLW\�KDV�GRQH�H[WHQVLYH�ZRUN�WURXEOHVKRRWLQJ�DQG�HYDOXDWLQJ�

WKH�XVH�RI�QDWXUDOO\�RFFXUULQJ�(31V�IRU�VXFFHVVIXO�ELRORJLFDO�FRQWURO�RI�WKH�$OIDOID�VQRXW�ZHHYLO�LQ�1HZ�
<RUN�DOIDOID��0RUH�LQIRUPDWLRQ�UHJDUGLQJ�WKHLU�ZRUN�FDQ�EH�IRXQG�DW�� 
KWWS���ZZZ�DOIDOIDVQRXWEHHWOH�RUJ�LQGH[�SKS�UHVRXUFHV-FRQWDFWV 

,QWURGXFHG�WR�WKH�8�6��IURP�HDVW�$VLD�LQ�������$VLDW�
LF�JDUGHQ�EHHWOH��$*%���$���DQ�DQQXDO�ZKLWH�JUXE�
VSHFLHV��VSUHDG�WR����VWDWHV�DQG���&DQDGLDQ�SURY�
LQFHV�DV�RI�������$*%�IHHGV�RQ������SODQW�VSHFLHV�
DQG�LV�D�IUHTXHQW�SHVW�RI�WXUI��RUQDPHQWDOV�DQG�YHJH�
WDEOHV��,Q������LQ�QRUWKHUQ�,QGLDQD�DQG�VRXWKHUQ�
0LFKLJDQ��DQG������LQ�QRUWKZHVW�2KLR��$*%�JUXEV�
HPHUJHG�DV�HDUO\-VHDVRQ�URRW�IHHGLQJ��%��SHVWV�RI�
ILHOG�FRUQ�ZKLFK�FDXVH�VHHGOLQJV�WR�ZLOW�DQG�GLVFRORU�
�&���VWXQW��'���DQG�XOWLPDWHO\�GLH�UHVXOWLQJ�LQ�H[WHQ�
VLYH�VWDQG�ORVVHV��,QIHVWDWLRQV�DUH�RIWHQ�REVHUYHG�LQ�
VDQG\�VRLOV��(-)���0DQ\�LQVHFWLFLGHV�DUH�VHHPLQJO\�
LQHIIHFWLYH�DJDLQVW�$*%��KRZHYHU��(31V�DUH�FRP�
PRQO\�XVHG�IRU�PDQDJHPHQW�LQ�WXUI� 

7KLV�KDQGRXW�LV�GHVLJQHG�WR�HGXFDWH�UHDGHUV�KRZ�FHUWDLQ�QDWXUDOO\�RFFXUULQJ�QHPDWRGHV�NLOO�LQVHFW�
SHVWV��DQG�KRZ�WKH\�FDQ�EH�LVRODWHG�IURP�WKH�ILHOG��PDVV-UHDUHG��DQG�DSSOLHG�EDFN�LQWR�WKH�ILHOG�IRU�
SRWHQWLDO�ORQJ-WHUP�FRQWURO�RI�$VLDWLF�JDUGHQ�EHHWOH�JUXEV�LQ�ILHOG�FURSV��$GGLWLRQDOO\��EHQHILWV�DQG�GLV�
DGYDQWDJHV�WR�XVLQJ�ORFDOO\�LVRODWHG�QHPDWRGHV�IRU�JUXE�FRQWURO�DUH�GLVFXVVHG� 

:KDW�LV�$VLDWLF�JDUGHQ�EHHWOH" 

:KDW�DUH�HQWRPRSDWKRJHQLF�QHPDWRGHV��(31V�" 
HQWRPRSDWKRJHQLF� �LQVHFW�NLOOLQJ

8QOLNH�SODQW�SDUDVLWLF�QHPDWRGHV��HQWR�
PRSDWKRJHQLF�QHPDWRGHV�RQO\�FDXVH�
GLVHDVH�WR�LQVHFWV��127�SODQWV�� 
(31V�DUH�SDUDVLWHV�RQO\�RI�VRLO�GZHOOLQJ�
LQVHFWV�DQG�WKH\�EHORQJ�WR�WKH�QHPDWRGH�
IDPLOLHV�6WHLQHUQHPDWLGDH�DQG�+HW�
HURUKDEGLWLGDH��7KH\�DUH�SUHVHQW�LQ�DOO�VRLO�
W\SHV�DQG�FDXVH�GLVHDVH�DQG�UDSLG�GHDWK�
WR�DQ�LQVHFW�KRVW�YLD�EORRG�SRLVRQLQJ��
(31V�DUH�FRPSDWLEOH�ZLWK�LQVHFWLFLGHV�
DQG�UHVLVWDQW�YDULHWLHV�DQG�PD\�HYHQ�DFW�
V\QHUJLVWLFDOO\��$GGLWLRQDOO\��WKH\�KDYH�
PLQLPDO�RII-WDUJHW�HIIHFWV�RQ�DSSOLFDWRUV� 

(QWRPRSDWKRJHQLF�1HPDWRGHV�IRU�&RQWURO� 
RI�WKH�$VLDWLF�*DUGHQ�%HHWOH�LQ�)LHOG�&URSV 
$GULDQ�3HNDUFLN��5HVHDUFK�$VVLVWDQW�� 
(ULF�5LFKHU��)XOWRQ�&RXQW\�([WHQVLRQ��� 
.HOOH\�7LOPRQ��)LHOG�&URS�(QWRPRORJLVW 
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Native EPNs are 
generally applied onl'y 
once and at a fraction 
of the rate required for 

commercial EPINs 

Persist for several 
years after application, 
and can I ive several 

months in the absence 
of insect hosts. 

Locally adapted to 
environmental 

extremes instead of 
laboratory conditions_ 

High fecundity allows a 
single EPN to produce 
hundreds of thousands 
of offspring inside a 
sin,gle insect host. 
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Typical EPN life cycle 

Soil environment 

3. EPNs release bacteria (• ) 
and kill insect host 

• 
• 

• Eggs 

J1 

5. Depleted host carcass st imulates 
EPNs to leave insect and enter soil 

Inside insect host 
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���([WUDFWLRQ 
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:LWKLQ����KRXUV�RI�LQIHFWLRQ�JUXEV�DQG�ZD[�
ZRUPV�WXUQ�D�GLVWLQFW�FRORU�GHSHQGLQJ�RQ�WKH�
(31�VSHFLHV��,Q�JHQHUDO��ERWK�JUXEV�DQG�ZD[�
ZRUPV�LQIHFWHG�ZLWK�+��EDFWHULRSKRUD��+E��
WXUQ�GDUN�EULFN�UHG��+��PHJLGLV��+P��RUDQJH��
DQG�6��JODVHUL��6J��WDQ�� 

,VRODWLRQ��LGHQWLILFDWLRQ��DQG�H[WUDFWLRQ�RI�(31V�IRU�PDVV�SURGXFWLRQ

(31V�FDQ�EH�LVRODWHG�IURP�DQ\�DJULFXOWXUDO�ILHOG�E\�
WDNLQJ�VRLO�VDPSOHV�IURP�VHYHUDO�DUHDV�DQG�DGGLQJ�
ZD[ZRUPV��ZKLFK�DUH�QDWXUDOO\�VXVFHSWLEOH�WR�QHDUO\�
DOO�(31V��IRU�EDLW��(31V�SUHVHQW�LQ�WKH�VRLO�ZLOO�LQIHFW�
WKH�ZD[ZRUPV�DQG�FDXVH�WKHP�WR�GLH�DQG�GLVFRORU��
$*%�JUXEV�GLVFRORU�VLPLODUO\�ZKHQ�LQIHFWHG� 

���)LHOG�LVRODWLRQ 

,I�ZD[ZRUPV�UHPDLQ�KHDOWK\�DIWHU���GD\V�LQ�WKH�
VRLO��WKHQ�QR�(31V�ZHUH�LVRODWHG�DQG�WKH�SUR�
FHVV�VKRXOG�EH�UHSHDWHG�ZLWK�QHZ�VRLO�VDPSOHV�
XQWLO�ZD[ZRUPV�EHFRPH�LQIHFWHG� 

���(31�H[WUDFWLRQ 

7KH�RYHUDOO�JRDO�RI�WKH�:KLWH�WUDS�LV�WR�HOH�
YDWH�LQVHFW�FDGDYHUV�DERYH�ZDWHU�ZKLOH�HQ�
VXULQJ�WKHUH�LV�PRLVWXUH�IRU�(31V�WR�PRYH�
LQWR�ZDWHU�DIWHU�HPHUJHQFH�� 

(31V�DUH�H[WUDFWHG�IURP�WKH�LQVHFW�KRVW�XVLQJ�D�
:KLWH�WUDS��ULJKW��ZKLFK�PRYHV�(31V�IURP�WKH�KRVW�
LQWR�ZDWHU��(31V�UHTXLUH�PRLVWXUH�WR�PRYH�DQG�VXU�
YLYH��7KH�:KLWH�WUDS�ZRUNV�E\�SODFLQJ�LQIHFWHG�ZD[�
ZRUPV�RQWR�D�ILOWHU�SDSHU�ZKLFK�LV�RQ�WRS�RI�D�SODVWHU�
RI�3DULV�GLVN�WKDW�LV�VXUURXQGHG�E\�ZDWHU��(31V�DUH�
DWWUDFWHG�WR�ZDWHU�DQG�PRYH�WR�LW�DIWHU�HPHUJLQJ�IURP�
WKH�LQVHFW�KRVW��(31�HPHUJHQFH�LV�GHWHFWHG�ZKHQ�
WKH�ZDWHU�WXUQV�FORXG\��RU�DERXW��-���GD\V�DIWHU�VHW�
XS� 

:KLWH�WUDS
'D\�� 

���0DVV�UHDULQJ 

,VRODWLRQ��LGHQWLILFDWLRQ��DQG�H[WUDFWLRQ�RI�(31V�IRU�PDVV�SURGXFWLRQ 

���0DVV�SURGXFWLRQ 

:D[ZRUPV�DUH�XVHG�WR�PDVV�SURGXFH�(31V�
WKDW�HPHUJHG�LQWR�WKH�:KLWH�WUDS�ZDWHU��$S�
SUR[LPDWHO\���WDEOHVSRRQV�RI�ZDWHU�FRQWDLQLQJ�
(31V�LV�SRXUHG�RYHU�����ZD[ZRUPV�LQ�D�FRQ�
WDLQHU�DQG�PDLQWDLQHG�DW�URRP�WHPS�LQ�WKH�
GDUN�ZLWK�FRQVWDQW�PRLVWXUH��(31V�HPHUJH�
IURP�LQIHFWHG�ZD[ZRUPV�ZLWKLQ���ZHHNV��DJ�
JUHJDWHV�RI�(31V��ZKLFK�ORRN�\HOORZ��DSSHDU�
RQ�WKH�FRQWDLQHU�OLG�DQG�ZDOOV��(31V�DUH�VHSD�
UDWHG�IURP�WKH�ZD[ZRUPV�DQG�EHGGLQJ�LQWR�D�
ODUJH�FRQWDLQHU�XVLQJ�D�VLHYH�DQG�GLVWLOOHG�ZD�
WHU��(31V�LQ�WKH�ZDWHU�VROXWLRQ�DUH�UHDG\�IRU�
ILHOG�DSSOLFDWLRQ�� 

2QFH�WKH�WRWDO�DPRXQW�RI�(31V�QHHGHG�IRU�ILHOG�DSSOLFDWLRQ�LV�GHWHUPLQHG�DQG�HQRXJK�RI�
WKHP�KDYH�EHHQ�PDVV�SURGXFHG�DQG�VLHYHG��WKH\�FDQ�EH�DSSOLHG�ZLWK�PRGLILHG�VSUD\�HTXLS�
PHQW��VHH�EDFN�SDJH���(31V�DUH�VLHYHG�IURP�ZD[ZRUP�FRQWDLQHUV�E\�SRXULQJ�WKH�FRQWHQWV�
RQWR�D�VFUHHQ�DQG�ULQVLQJ�WKHP�ZLWK�QRQ-FKORULQDWHG�ZDWHU��7KH�UHVXOWLQJ�ZDWHU-(31�VROX�
WLRQ�LV�DGGHG�WR�WKH�WDQN�DQG�DSSOLHG�DURXQG�VXQVHW��WR�DYRLG�89�GHVLFFDWLRQ��RQ�PRLVW�
VRLOV��(31V�DUH�UHDGLO\�GLVSHUVHG�WKURXJKRXW�WKH�ILHOG�ZKHQ�VRLO�LV�PRYHG��L�H���WLOOLQJ�� 

���)LHOG�DSSOLFDWLRQ 

(PHUJHG�(31V�DUH�FROOHFWHG�E\�ZDVKLQJ�
WKHP�IURP�WKH�ZD[ZRUPV�DQG�VXEVWUDWH�
WKURXJK�D�ZLQGRZ�VFUHHQ�LQWR�D�FRQWDLQHU�OLNH�
D�JDUEDJH�FDQ��7KH�IORZ�WKURXJK�FRQWDLQV�
(31V�DQG�ZLOO�EH�DGGHG�WR�WKH�VSUD\�WDQN�� 

(31�HPHUJHQFH�ZLWKLQ��-���GD\V� 
�\HOORZ�RQ�OLG�DQG�ZDOO� 

:KLWH�WUDS 
'D\�� 

a��WEVS 

)LOWHU�(31V� 
WKURXJK�VFUHHQ 

$GG�IORZ-WKURXJK�FRQWDLQLQJ�
(31V�WR�VSUD\�WDQN 

E 
L 
0 

~ 
ro 
s 
.n 
:J 
L 
0) 

m 
~ Hm Sg Hb 

Healthy L _J 
Infected hosts 

Typical White trap setup 

Waxworm 
cadavers 

Filter paper 

Plaster of 
Paris disk 

Petri dish 

Total EPNs per waxworm cup 

250 waxworms 
per cup 

X 
100,000 
EPNs 

perwaxworm 

--
25,000,000 EPNs 

per cup 

Purchase waxworms from your 
local bait shop, or online vendors 

like rainbowmealworms.net , 
bestbait. com, speedyworm. com, 

or grubco. com 

Total waxworm cups per acre 

25,000 ,000 EPNs 
per cup 

X --
Appl ication rate of 

100-300 million EPNs 
per acre 4 cups 

per acre 




