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Augmentative biological control with parasitoids and predators
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Looking for entomopathogens / natural outbreaks
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Entomopathogenic fungi are considered to be an important
factor regulating pest insect populations and one of the best
candidates for biological control of aphids

Verticillium longisporum
Beauveria bassiana
Erynia neoaphidis
Pandora neoaphidis
Entomophthora aphidis
Entomophthora planchoniana
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Fungi of the Order Entomophthorales
are the major fungal pathogens of aphids

e 33 entomophthoralean species
organized into 9 genera have
been recorded in aphid hosts

* none of the species of this order
have been developed as
commercial biological control
products
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Entomophthoralean fungi are characterized by:

FAST DISEASE DISPERSAL in dense colonies

HIGH REPRODUCTIVE RATE which enable them to spread fast (short infection
cycle, conidia are forcibly discharged from conidiophores

effectiveness at LOW TEMPERATURES

e possibility to enhance DISPERSAL
OF CONIDIA THROUGH
NON-TARGET INSECTS
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Entomophthoralean fungi are characterized by:

e high HOST SPECIFICITY
*augmentative
biological control

e surviving and PERSISTING IN THE
ENVIRONMENT as resting spores

*conservational
biological control
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Lab trials




Lab trials
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Greenhouse trials







Greenhouse - plant cage trials




Inducing epizootics by introducing inoculum of
infected aphids into the crop

Artificial Introducing
infection in crops
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Banker plants

The grain aphid Sitobion avenae was
reared on seedlings of winter wheat.

One banker plant unit consisted of a small
transparent 200 ml plastic cup with
approximately 200 winter wheat seedlings (9 g)
grown on a small layer of peat.
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Artificial infection

Detached leaf bioassay

Pandora neoaphidis was recovered from a
natural outbreak in an organic greenhouse
from The Netherlands in 2014 and it was
preserved in laboratory by successive infection
of healthy peach aphids (Myzus persicae - red
phenotype) from Wageningen rearing.
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Artificial infection

The grain aphids from banker plants were exposed directly to “conidia showers” by putting
6-10 P. neoaphidis infected and unsporulated peach aphids on wet tissue above the banker
plants infested with healthy grain aphids. The methods used for infection of aphids by P.
neoaphidis were based on the detached leaf bioassay and “shower conidia” method as
described by Keller (2007).

Keller, S. (2007) Entomophthorales: Biology, Ecology, Identification. COST Action 842. EUR 22829.
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Artificial infection

Second protocol: putting P. neoaphidis infected and unsporulated peach
aphids on c

t leaves between the healthy grain aphids ...

...and covering the plants in a plastic
bag for 24 hours at 18 °C, after
misting all aphids with water.
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Artificial infection

The mean time for infection is 4.5 hours at 100%RH,
20 °C and sporulation begins within 2 hours of aphid
death (Keller, 2007).

The lethal time is 3-5 days at incubation
temperatures above 20 °C, whereas it is much
higher at lower temperatures (Nielsen et al., 2001).

Nielsen, C., Eilenberg, J., and Drumm, K. (2001). Entomophthorales
on cereal aphids: characterisation, growth, virulence, epizootiology
and potential for microbial control. Kgbenhavn: Frontlinien,
Miljgministeriet. (Bekampelsesmiddelforskning fra Miljgstyrelsen;
No. nr. 53).
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Introducing in crops

Five days after artificial infection, each banker
plant contained 30-50 infected aphids. Growers
were provided with 30 of those Pandora banker
plant units per aphid outbreak.

The system of
introducing “Pandora
bankers” has been
applied by 8 organic
greenhouse growers in
The Netherlands with
various results.

The banker plant cups were pierced with an s-shaped iron wire for hanging them in the right
position in the top of a pepper plant (this position enabled P. neoaphidis to shoot the conidia
on the target aphids in the pepper plants below the banker plants).
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Results

The introduction of Pandora banker plants
resulted only in one of all 8 greenhouses in
an epizootic of P. neoaphidis. The infection
of aphids was in this case very high with
aphids colonies on every plant and serious
damage to the crop.

P. neoaphidis was introduced twice in ten
days. Three weeks after the second
introduction, all aphids in the greenhouse
were dead through an infection by
P. neoaphids.

High humidity levels were achieved with mist foggers during two days from 22:00
till 2:00. In this period the temperature was reduced to 16 °C.
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Results

In all other cases, P. neoaphidis did not
succeed, or only a limited number of aphids
were infected.

The reasons for this are:

e Aphids were controlled by other natural
enemies, like Aphidoletes aphidimyza

* The aphid densities at the time of
application were too low

e The temperatures during the day were
probably too high

e The high humidity levels were not
achieved

D) ocoske
BloGreenh@e 7 cororian coorERaTION

IN SCIENCE AND TECHNOLOGY




65T

‘SN (81 BUIII00 U1 PAST 25011 I WS 20RAH00 01 PUD ST IO [T 8 W

pRImosT ‘sumas wEung awos o Apsuedoymd sy aodss op pawma 2 Apms sy
‘yssaaons
100 waye pue aasuadse 5 soepasd pue sponstmd yua paue Endopmg aaEuRmEng
aaym sdosa aaddad jpams wsead Apeurdie w Spemonmd Csuedopedonoua aanaage
I 35T A 0 paau Funns e 51 A 184 (FI0T e @ aupunp) spuyde sumin aanoape
100 3w suadoedowous Jo SIens pRs EIasmes ) Jo 1soun g spuyde o siuede joauo
[emdopmeg soopasopdya Apma uaag oam) dung saeennodfp sdoas asnoyuaard pue playg
m TP o0 snouas fwsnes ssad pas ol sppos 21 3o suo uasaada sprgdy

LLTRRL TR N |

|enuormg “ssnoguaadd suadeyndowoms spryde spaos Gy

‘o ndod pryde e SEam e i SpUSIEL 0 ([T U PRAIIsgo s
[2nooda) spuyde Jo AEaou w pusn SUSERLA WY )y 0 di SRR UnnaS g (e asnoguea
up splgde g0 pnuon JGEUDSERL T OpIMOYS (21T0S]  DSTuRs b weedsE ey werponmsay Aje jng
e Amgeioge] 2o piyde o onuos uenpuis saed smens pagssy sy swepd ponod oo pamsg
spupd wo 2En0UURaLE o posa) A3 SUTLS JUD|ILILA K000 30 CEIS0P DAL S ([T PALLIUND S
sansads (rfuny jsom o Amosdoged por wongnoun wafoqed o) wfe mew oy) oo 1addad 1eams jo
s2aEn| payeRp of 1dey 2uam spiyde paieasp spryde wo paderds aaam (uupEpuos gy L01 “,01) sasop
LRI 20 W spandsopiung i AsEmgE] 201 Ul SUEDS J0 S50 0] (el SIoogr)
2 2SN 2 0] PAIII|IE AI2M SUIRNS TUIIUIA 15000 2] ] £)1Pp PIssIsse 22 sunnaagu jo g
“SAEP )] 100 HY %08 "o 07 1 Wy pur (Avssrolq jes] paysmap) saung duseid o) padajsuen us pue
o ued samyne pepejuods of wagy Suusegsuen Spued A sanung ¢ g mpuoe o) pasodks amm
s 1= Suuaares yamb e gEANOLY PAIMEAS 1S11] SEM SNU[0ST PAOIJE ) J0 ANMUR St (Eng )
avread sizipy prgde yamed sy g0 oonod gy oy pas sEM (I20S1] R 4 s oAy
puE [EH Y W W OAPENT 7 CH oMUY (NS0 () LISy OfAIMSAfS USRS (|} sy
SOOI, CEL N, DS G PLEST UIOIDG (uyasiagy ) (FogdesTin) RSy W SRy
TR AL S|EE) BUBTSSNY BLAWIEAG SWEY A W AEF (DR ) BeLaedsIRnoy o anaey seny
W AW (LU} eay (e | wengpaninas gl sponpodd [RALSUIN0D (M0 0s[E pun SyErg)no
[RINJEN Wy pejE|os) g u.Eum.EdEE.._S_b 10 sUIEnS omg-AUsm) Jo0 ANENpe A HaRsqY

KPUDLIFTF AL 31§ 1 dmw.;ﬁ...bﬂ__.h.hg_. o7, F M.ﬂ__-ﬂ.vh.a.qﬁ-.ﬁxn CRLFI TR I AT ATy A )
1__..#M_H“qn_._wqu\xh ..hu.h:qumgm. TXIADYINLE ") O] I .MH_—_-MHB— dad .bu iy .‘Q_-Mm. peag ey .v_q\. HPFILO - LG
“WONIHLL JUD]J A0 HIINSUT U MEOI3ANT Yupasay _ PINIU JSADYING [ 201338 0k )
dad ._1mh W PATEr TIRDATET r.wﬂ.a_..‘.a-xwh\.-_. _..L.ﬂ-q.ah.ﬂ._..v\.u L..-_._Hq YA AT .uE»E-L.MT. L_...- .-.-_.“qH.__...wn.hE._mw_.

SUISSI T UDGI * R RPY ¢ ML "] B IIY

(rzmg) amisaad snzdpy piyde yaead ap 1suese 15un) suadoyedowojua
J0 SUIES [ERJIUL0-U0U PUE [ERIIAU0D Jo LB

POT-AEC o
FIOE TOF 704 WIRIIE SH -8 0
SRy armaadaea ;v el IR 1T PRI Ry



saiupdy 3,

e bl sog axtwFou pue aanred e ag
WD FEBIERNIT SN PUT ERU S (R podanpar
L DRI UES S[EEREA YOS UT S SRS
EEDEIT PSR SRR I St pur Lma e
SRR | MR I S SR ar onans
[EarTopoR] weIEAIERos 0 sen o ur spororikie san o«
SEA R [y podomn:
wn SR parpul puw panp sgresed o pas
SENETULA P TERERG CTRuny srEdmpmdonons o s
VUDERID S[1 M DTADE. 2% A0} A aua [ poshangue
10 IEN L I potErdar o prioys sdoo aenopraar
up oo psad o qrigonno oo wopeogdde g e

A Ay

senpuAs - sadydepur - aeFoymrdouopeg
CEEIOERY - SRua e pdoapeny spaos iy

“uss T s ari u s e podonpme pas g
SOOI ] EN PAUNGUIOD DU Ao o) FUmLoaaTy 1 s a
ST BT A ST OSED R RGMENG o Sso0ns s
Ty ANRUIAT. MY ST RN I PO SO - 0T 0 ER]R
L pursEpTEn o) poew mp pue ‘w@piydopua se gons oo
RO . susprToor e fusn jo sapesed
M aeka om CaEIEUN  CAISATER PUR IR
-E P PR NETEAE D MeREe e [Eaio)
MY TRNEA BRI S NN $ATOOMpaa) P s rdepapo s
AT NI SO S S A TRk R i pargan
6 A[TI §[F I O] SIS S OUuRanT uesloms]
W EAWED [EmET podonfiee uo £100) s DOapul e oan
apgresnd TEAL PR CSIETALA. PR PIREEG U] snadopedann
SO (RN WIAIMND MAADD A oy paopdia mpum
APANF PAEURE DAFY FEIGOAINNT PR SIS [T
poddanpe o suoTEEmERo D o s parpdde s pa wo g

QTN AR TE A0 pp=Ig ]

SPuTAEY AL AT OF S9ET
T XO§[ Oy RWRYrORE Anoges y sadsealTy
[AR] AP, SPWITY §A00E [ T00 VO O
‘Eomay goaraay 5T R anayy Afomum o waunsedag ¥
Amrimay. walumeoy i
T FFTEN s A Emyr Sy
"oy Egmoafy ooy dasy o souneday

PO W R
WA (T WROTSA TR TN - SR

WPy o e oo redopey pomsunmday
O TR IS0 O O
“ EDMI3G R AN PRI T 3p Roamo]

GO P B DAOG] MY 30y R0 Eadopaapgaeasay
PaTOd “AAPAME O] 150 3285
+f P SEOTUI] POY S0 [EINE f0 Ameaam]

APAY FOPDIF POT MORIROL] W] 0 wannredag -
wapan g dm ey TEONT YOI O
§ SAErAP PRI A EaNEA Y [Ny roLEy o

Apsaamg) gEpang A Bondmm] Wyl o osaunsrdagy i

0 B ] A DL e
JUESRG Y B [

MmN N A PRTEELD

UG DUNNE SET BOp PR BT U SAT] SR D[R T
Apprizangos ydnoiny wusmhoyaaap g 1) 47 amns
frppunphuos v swosasdar © yEgosim, w2 01 pagapan
VSR CEIPEATRTREINAN W0 PO [OUI Y [FRAFTOENE] s
~HDL Sl 0 CA[IS00 SR S OER ML K DEEIEAT WU
YOS IANIDLD WT FMUD AW SRS [Ermen podongiee
QRN FIEED AT A Pl @ ads farmu e posd
~onpm aqdnmur o seonemdod aEsiad g swasisoo
@D [0 nopnpeAD M U peapnEar w0 mnp per wlon
anonpuaesd i padoasap [P s Spaou e pemey podonpee
peonponlaxan e [eaues el polfoprg  pmmEqy

oy paf mady v scaor dado o pogapged st [ s, QEnT {seomey g, o
Q0T P L padacoyy o [ ASMAgR] Q[ PRRATH {STOT SAqUBALK [ - P

0 MRS ] UMY - WA-LIREZ T - _PEPEA DS
« PPN EINIEY - U] Y SR - ERDL IR0 . FAEINI 03SPElg

sdoad asnoyuaald m swAsAs [oapmed jsad [EdEejorg oym
swsTHET 10010 Jo uoneainu apy 103 sanunaoddo smap

TELO RIOR TOINLO0 T 10T
R 8]



E 133HS 10w

UOfIEUPLIFSRE 3000 yEnomgl Apank smoonds SmEd 01 3ge
e Asyl puE |7 23 4} saeo ydopruos wosy pelseyon p Agrucy
e sEogydounnue  Jwsfoped-pyde jo epucs 34

SN LT ARID IR EECLDIUR A PRIIE) L 20URR VDY ARG T aundy

SPATPEY P Sf) LY
AR WD T WP 30w e peilepsp
AmsofRer | 1P Siamay) saeds

o 33 1500 SAED © SISAERED
;1 woy sews saoydopuor @l eimeedws pue
AYp ANy jo SUOIBUOT 3)GEM OnE} k2 pun sndun) 3 joaseyd
alhydosdes 341 o UCIIE U PUE 13851 JO Y188 P Safpog [ey diy
Jo sysepdojoad se Apog s PEsu 3yl v siuny jo wawdofEnap
sagrl wWweE wey Sunwed gEe peremeds Ag wewnds
Jo uoERAUad VoA EURLIEE PUE HNIND 1SS F 4] U Sods o
FWIFYPE 3IE WO [EFun) 40 saseyd | sppydooa o
UM SEEDGIIE W SIESJU| PUE SI000UOW UD S0Uas
woyqols pjde 1eaym 341 Rurse) Ag paonposd 3g wed sniung
SA) Y ST ERUEE SR 050 RIS, 5 SPITE | 05lue
01 TEeds uEdEOQYd oWolES 3NIIEYS 150W S J0 SUD

sopoozjda pasned-sajejoyydowojug
Joj syuepd Jayueq asn o) MoH

I PERT BT e
Lpea pagsage suspe e s, - muer Syueg T am iy

‘sl sasn oyuaal e E YR spryde
10 £ conds S5NED 0] BNI0U) UESEIC Y dOWo] S J0 SN0 E
* syonssal sadods Huslopedowolue T pasN 3G O5E pnoD
spiyde [e3030 3wes 3y {1 2nfy) {s100p Jo) suopaflonp e
1ey] sdous 0] 1eam ou Fod pue suopaplooouow o] Jypads
ate spiyde wesd 3y 18yl T wsIsAE Syl Jo SEEIUENDE S|
‘dou @1 yrELE 1Ey) Spide Jo spiolseled 0] 50y SNEUIRYE
I 3AEE 1EYL Tpyde (B2 WA RUEND SNouD pHA100 CUOWE
Jo @M @ wesq sey sdous asnoyuasu® w)  waisds
papdde Aapim v uonendod Awsus [BiEU  podosyue
WRWENE puE 3AFTI00 0] PREN AELW 36T 4341718} OF TOUIUST
[EXdoig w padojdwa swsERD Eoysosq 0 [EDRdD
PUE JWSWdORAED JUSWTIGEISE PIE 0 pasn pue SiEsd
Auew Jane parelnsan AEpm uBeq SEY poyaw B uagod
B YI0F “Rualf pacy 8o Bunhires o saion ey yim palsgu
sued Bunquisip g doo 3l w0 pIEER ME SEDyIEY
sop sun Bupeas Supsel-fucy ‘poyaw Jueld sEuEg 3yl v

£ walshs yuerd Jayueq e 5| IBYM

‘spueid myueq Supsn

Aq dosz sy clur spyde pagaayul Jo wnoou) Bupnposiu Aq ssnoonds Buonpu) A1 o1 3q pod fRuny aseg Busn v yecsdde
saauy “ougm ) eyl Busmord u paisuno s s P Syl usa g sey suale jonuas (exdaing se Buny asayl Busmn o poig
Bu pqwims Jo (e B e amoy suaBoy e dowolua prde B paps0del Uaaq aney sapads ueaeloylyd owowa |o Buny OF Ueg) o
)i 2ads 1504 S0 0W DTIE BUE PUE SBUNLELadE] MOj 1B 3138 e 3iow ale 318 ds Salwoyoeng Cds wnirywonsT ds ouanosg)
sajeastodiy Japio ag) o) uBuoEg 1By ueg uossiwsuer. Jop Aupruny gy Jo spouad BUoys ambed Huny uelcqydewo e
amezaq sasnoyuaarE ur spwyde Buyorucy 10} TAIEMPUED 155G 31 40 S0 3G pnod day | senpoad (oo exio)ong [EpUsuRucy
s padofEap usan 3ney J5pI0 9y 4o saneds Syl 1o 3uou 1ng ‘Dpocnds et 3RIE) 3NED 01 UMOUY 2B 43| CRUESAE03E0ITE
Ul OF[E PUE SWESAE00S EImEY Ul spyde o ualouled ol 3y pAEREU0Y e ey wdowow] Bpo o) Bulfuoag Bung

suone|ndod piyde ui sonnoozida
pasnel-sajesoyiydowoluy 4o} syuejd aaxjueq jo asn

Yileay jueid

asnoyuaaigoig




Symposium on Organic Greenhouse Horticulture,
11-14 April 2016, Izmir, Turkey
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