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L]

B, adina e effects

(5 0A1 8 e aan Ly 5 85 1990 s il Ay Ly o Sl e padl gl @
<3 »» Nosema (Nosema locustae) and Vairimorpha: : ) &) o PNV

A £l 5 AaiaY) A ¢ a5 AaiaY) A4S s

. spruce budworm kil jsa 3353 Nosema fumiferanae g s aalgy
sl 4l e laY L g ol i Nosema locustae gl aales o
J—d e Jsbih L ie Jeld ,ils @3 NOLO Bait® and Grasshopper Attack®.

L) sl kY ) sal

G ¥y Aal) Sisan e gald 6 — 3 2xy Gigal) Jeanyy ) aillad cday Gaay 0

Foreign
NC BC  GC protein

el e
NC and GC - control baculoviruses

Fig. 1. Analysis of proteins in insect
cells infected with NC, GC and a
recombinant baculovirus control (BC)
Spodoptera frigiperda Sf9 cells were
harvested at 60 h post infection, lysed in
50 mM Tris-HCI pH 8.0, 150 mM EDTA,
0.5% NP-40, and insoluble fraction was
removed by centrifugation at 30.000g for
15 min. Soluble proteins were separated
in 11% SDS-PAGE and stained with

Coomassie blue.

: LAkl

Bacillus thuringiensis

[SPSK NPT W PP RISV S (G EEENA IR FENPIRR
O 3—Ssa Ay mall LDAN Gm e ol e

2 OSa JS (B335 50 5S¢ B pal Ak g T Ll iy Sae dsed el shg saa)
o) sell g elall g il g 5 e Lpaadlaind (San s L)
o) 50 Al e a8 sl s Bl o claatiad

bacterial Lo S o gen dia Ao gliall e g 6 Hgedn A LSS Jleaind 4l g A ARG

o yial) ) g (s J (e toxin
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Crystal protein (cry) genes

NE PRt PRE PG PPN IRV PRC PR RUP B I VERE VRPN WEN RUR. P B
crystal protein (cry) 4—uagsull < sl s (e s (14) oo 51 Caa gy pariis
Ay ks o Lealiil (e Slad genes

lear—ui (Saa g insecticidal (Cry) proteins giiall idig ) el Ay Guall Gaadsy, @
selae day ) )
Lepidoptera-specific (I) iaia¥) di s & yia o daadie clia —
Lepidoptera- and daiaYldd & i S8 e, 8 o diacadio il —

Diptera-specific (I1)

Coleoptera-specific (I1I) iaia¥) ae @ jda Jo daadio cilia —
Diptera-specific (IV) genes axia¥) a4l & jia o aadte clia —

<l pdall La yaal) U i<yl g o

BT/ san Diego : Colorado potato beetles °

BT/ israelensis: Mosquito larvae, black fly

BT/ kurstake bait: European corn borers *

BT/Berliner-kurstake : Cabbage looper, cabbageworm, diamondback moth, -

tomato horn-worm, tomato fruit worm, grape leaf roller, & gypsy moth
Bacillus sphaericus (strain 2362)

Culex, Psorophora and Anopholes : a3 ) G gl S8y aia AN auS Jaad ¢
Aedes ounll daill g1 6) e il 410
2 sl S8 T ¥l (hn LS (3 S mpad) By U8 e ol LSS g+
Lol il G ) e e ja Bl A SISE ¢ pual) Cisad )
Bt 5-endotoxins and mode of action
(.\_uj\ u;uj‘)_ikﬂ“)gubjd‘;‘\ Lﬁdjquw‘:\m)@\ﬂaﬁﬁjuw\ﬁbﬂ\ uLQJJJ! °
Agaagl) Ll LA el ) dan5e 4ne Jeldl & (e 5 toXin crystal
ol 5 ket Bl e iy pdal) e gl Btk audl pasl 0
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Bt crystalline toxin

Application Methods
A et slanly pan
VectoLex CG (Bacillus sphaericus Serotype H5a5b ~ *
Aol gel sgd) 3 355 oAl d s elal g Aleldl 5ol e Apglall el £ e
ca ) Gl ) il
el Axy ) e sad 50 JAleld 5 A Bacillus sphaericus @ ss3 sl Claiia
B
Bacillus thuringiensis var. tenebrionis
LY A e iy da e ja .adie Bt variety tenebrionis j—casiuall o< ¢
.coleopteran
Ml S5 @l 55 Colorado potato beetle 5ol j sl S ualay cligid <ld j aa Jaiss °
.elm leaf beetle _lajall 35 elutid
ales diph ¢
Algmia 53505 il U8 e alia < g1 5 iy e Jadl g LS —
Aaplally 450 2y V5 i) (358 Al A 0 ey —

Trident :s )il au¥l »
Bacillus thuringiensis var. san diego
<Ol S5 cild 55 Colorado potato beetle s 5l sS (uhlay cludin <l ) aa Jas ®

.elm leaf beetle o all 3,5 sluiia
talec RA.U.L-. ®

- 14 -



Al srie 53505 il U8 e adin oy S o) 5 A8 ae Jlal) 58 LS -
gl 45550 de Y s dunadid) (368 AV Aadd g0 oSy —
M-One : il o) e

Mycogen Corporation, 5501 Oberlin Drive, San Diego, J# i« jesas gy *
CA 92121

o1 yand) JoALl) A pod duda saall | gl

(Banerjee & J—8 o) yaall Jaal) A gl A paall L yS gaa) g Jnadi a0
Dangar, 1995)
4Bl LU Pseudomonas aeruginosa (Schroeter) Migula : g ¢l Juatin) 3 ¢

Kerala auxigll Y )< dalaia Luu.\la 4las 3l (o« (Pseudomonadacae)
Lotie il Ciga ) 5055 gl s LS 038 o) (s oiall sl uamy
S el sy o L amy el uang g o130 ga U S paings
il yladl)
750 N sa aa g allad L;Lusm Ao )Seall Ay gl AndlSa) pualic iy STl jladll e
Syl e aally lifi A Al il il Leas) s <l el A peall il kil (e g s
leia g bl 3 Ll dpalandy)
Metarhizium flavoviride Gams & Rozsypal
datiue e 3wl Metarhizium flavoviride Gams & Rozsypal kil Jai o3
(Thomas et al., 1995) ixiaY)
ARV am ey )l pe by
tste 8okl Tadall Joal o) Y dgbiall ddlall i 8 Jasiyy @
Schistocerca gregaria (Forskdl s aall o 2l °
Acrididae 4Lile (4 Zonocerus variegates (ilial) biaig o
Gl pdall Aali b ) seays Aaial) Laet & yda uway M. anisopliae (31 g 5iaas ¢
DA g (0 e b ale 5 85 ¥ g gty 3l a1 ) i b e 3
o) yanll
Beauveria bassiana
Deuteromycotina a8 a3 Hyphomycetes 43 ) o
allad) ela ) LA A Beauveria bassiana kil (e SYwdie b
sl Gy ¥ g Aol sLall 5 90 Metarhizium and Beauveria Gpss) & ik
conidia L s8I Al yie &) gl iy uninl)
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A el 5 Us s el (B BaS e s B. brogniarti Al g 5isa s
s Beauveria bassiana (Balsamo) Vuillemin ( —adll < o laa s 1 o
g U —le S il W Metarhizium anisopliae (Metchnikoff) Sorokin
e s
L pdall e el el g B g e canay ¢ kdll Jee Jlae 0
ity a5y dall s jad el Camcn A a3 5o ¢ dlad e i) say o
Leise ann Lae 3 pdad) s Ja saiys laad)
Zygomycetes: Entomophthorales
i) sV (e 23 4 2a 555 Enfomophaga s 35 ) o3 iy 0
Entomophaga grylli -
Entomophaga macleodii —

Entomophaga calopteni —
E. praxibuli -

NI PR PR T S PN PPN 3 ISPV

)V el Ay et cilaiie igm Y e

g < pdall (e Adlia £ o el adl) G

Entomorphthora exitialis: Spotted alfalfa aphid °

European corn borer Beauveria bassiana: Colorado potato beetle,

Hirsutella thompsonii: Citrus rust mites *
Spicaria rileyi: Corn earworm, tomato fruit worm, cotton bollworm *

el daddioeal) @l ladl)
Beauveria bassiana
il g Gl 5 QA Lgia iy piall 3 sl e gl 5 (530 ALy il Lladll 138 aal gy @
L e g Aaial) 288 g j Aagiins
col yaall il dpu o) aa dlle ducal yal 3 die Y e
Nomuraea rileyi
s A s ORl Hsa 3353 Jie Anial) Al a G da cuary Lseall Jsb 8 2l o
g paall o) 3aY) e pdxm Al cli )l 8 s
: Vericillium lecanii
e 3okl Lillay 1 (& dala 1 o) (il 885 daiaY) dglitie O pda s Jesiey
s Vertelec® (5 lad mite ad ¢ (il 5 A8 Bal) 5 4 8l &) pdall 5 oLl LLAN 5 el
.Mekotal
Lagenidium giganteum
cu sl Gaial (e dae B 0l Alle Al el AL 3 g el A Gy 0
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Hirsutella thompsonii
Mycar® s jlaill 4aiic y Claeall faa ala Capay @
Paecilomyces spp
e 4l LAl g s ) el (pas s JSY) )55 daial) Al ) pda Capay
a5 sl
Aschersonia aleyrodis
A ) Cindy A ) Ghba) b el Gl ey @
3 il JleeY) (any
ol panl) Gl g A8 i yal ) pall B paal) il il sl raddl «
el anll Sl A 3 il i paall il ladl) (e Al Y el daa el (5 gl asE) «
Joals ol sie aleliy ) 8 JSEa il afl a jemaie L g3 e @l «
daaall ¢ s
dadlkd Jasll e 488 300 g Beauveria bassiana b dahiaa) dded) 3k 4deld anat «
dageall J31 o) peall il L g b
-B.bassiana &) yiall (i yeall Hhaill Mass production K1) zUy)  «
b o)l Jtl) A g 5y AadlSad Jd) e Ls, Bobassiana il Josiul il «
. Jasdl
Ol e 5l Aol CUSH mis e Bbassiana il @sle 5585 U il «
. Jaall ¢l yeal

o B. bassiana  ia y—adl Jhill o) 5 eall QAT G g 8 s gy Sans) A
Gy b e S ¢ e oLl g Lna g o 0 e Y gl A § ) S b LU
hdl) Gl o) peall Jaail) A pon Aladll ey
it 1o silar) ) (Lo 5SSV 5  )SAl) LDl 5 jln L o il o) 5 (55 208 gilasdl
a5 ) A el Y1 Gy sie 5 (Rl G Sa) o) sl s () sall Tasilasis 53l
Crliell Al o) 581 L s 4 5 8 L)) s (g6 S
Steinernematidae and Heterorhabditidae)
Al s A YD s gl AaBSA) G cpaliladl il o) 5 aadis

Steinernematidae 4lle Neosteinernema 5 Steinernema — Jluiall ain

& sal s g 5 (S. feltiae, S. carpocapsae) Steinernema swia) iy le g (35) = -

Neosteinernema (il

-17 -



AVl Ldsag Gy Je f% Steinernema carpocapsae 13 gilanl o aa gl e
b pdad edS e

Heterorhabditidae 4\e Heterorhabditis i) g *

H. megidis, H. indica, H. ) Heterorhabditis _i—a) x—is E\J_'J (10) a5
inquirenda Jle s ¢ (bacteriophora

A il 52 s giall el aia Al gl AnESA o) 52 ety Uy Jlad e Lgnsan 5

el e sanaia Bllia i ) b a5 ) @ el

Jiu—=3 Nematodes mutually associated with bacteria : Lo SSul) aa )3 gilaydl) (dlas

ey Lale oLl sy Abaall & ptall al el (e 58 Ly 1asibanl) slaals LSl 028

. Steinernema (s V2 5adll xe Xenorhabdus b 5Ss Jiulat @

Heterorhabditis _xis 12 5esll xa Photorhabdus L3S e @

a5 5l il A o)) AnSAl) o 52 i e L (Plamy Ly 50 13 gilagill na )

Alnall Ay Al Apla (AS jate (58 Photorhabdus 5 Xenorhabdus Gpwiad DS ¢
-Enterobacteriaceae alilall £ 48 s e Sluac o ) som 58 Y

. Steinernema g ie g &) 5 Lt Xenorhabdus osad gy *

s—a sl 5 ¢ 555 Heterorhabditis g 3\e \ g) 5 &G Photorhabdus s iy *

ig 5 Gt dwed ) audy P luminescens

tokladl) & Saa
ol g Loy skl Ledle alie (3185 delu (48) 5 sl 320 DA Jiladl 5 8a) Jis5 —
o ddlid) LAY blas ad o 4 e
L3 3 aS WS Jaxtiy A28 jlan L) Jilal) goes s —
cem A L e Lgiead o gilepll Ly S0 Zliag —
LS salaal) Jilall i gy aias Jilall Cipsad 3 AY Lginelue lldy —
1 gilanilly gl ) A pdiad) cldY)
Al G pial)l Gl st e
White grub, Japanese Beetle, Northern Masked & European Chafer, .

Oriental Beetle, June Beetle, Billbug, Cutworms, Armyworms, Black
Vine Weevils, Strawberry Root Weevils, Fungus Gnats, Mole Crickets,

. and Fly Maggots Carrot Weevils
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Mass Production : -l zldy)
el e sl Al dan ) 3Ll el da peal o silenl) Ay 5 Al ggad) (e 0
Ll Yl Gl Y 4y al 23
w8 WS WY a2l G mellonella pedd) 350 & yia Jeais ¢
sl el f el anal palaS Joall e d3ay Jaxtiodi

Application methods : (guhil) 3k

o A V) 3L Al ) 5l sl el s el slasSl el (3 5 5eal Aand e (55
sl Gl bl il Adadd g o ¢l g 330 0 5858 4]

=5 A lieY N 5 e s 1068 kPa ) Juay dakan Gpia pall ) sk Jea @
J—lil Y 5l e Jaliall g 35 Dy 5085 100 ) eind lad Juay ) 3L )
Jagledl) o)yl

. drip, microjet, sprinkler and furrow irrigation Jie 5 )l daladl Aol gy (555 °

Ge ol jlaall sl Jada 5yl 1 slesll Blee s ddaud g Aglall <) pdal) AESE e
N3 silanl Blaay dasdie daiin) ddaud 5 culacil)

S g 1 sl
o—  Reddy Praecocilenchus ferruginophorus Rao & g ¢l jadii 5 ¢
gl 3 el jesll sl 4 g & yda (e (Entaphelenchidae) ble
Alaal) Al Gl 3 Aad) alual) 5 elaa) pdnl) luadl 3 agledl) a0
ubiaal) ) COLIS b aal) Casaty an ) Gl
ol e 8 A0 13 gilasl YD Caald
Heterorhabditis indica, H. bacteriophora —
Steeinernema riboravis, S. abbasia —

o sl AR ) LYY aia dlle Al ) 5 ake il N
Dl A LS ) 2a ) AdlSe b el i jedd) Dlaal 13 gilesl) Caardinl S8
il saeld Joa 4 Al 8 e jeal)
Black vine beetle, Otiorhynchus sulcatus )3 gl cuind) ds g 2 12 gilasll) Jlaniins

(F): Curculionidae, J. Econ. Entomol. 92: 651-657
Heterorhabditis marelatus Liu & Berry g 513 glaill Cilaa’ind

oo il Al 3) g 4 ) 3 4 bl g8 e 5yl (Rhabditida : Heterorhabditidae)
Pl LSy o) sudl il A gu il yy N Julid 5
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Glls il IS0 o) gud) cuial) A g i 23 mid ) 13 gilentd) Jglaa Aaitn) Gaidast o
(%47) bl ) das (0.7 = Sl I @l sae Jaeg)

il Ay (1.8 = il JSI il axe) (5Y suSa il aley cillaiadl culblally 5 i
%67 Lladl

%75 dbeaddl il dais (1.9 = @il IS il ase) J i<l s laa

P PO

—) Bl 4 5 733 & Heterorhabditis  marelatus 1> slenl) (e 3 S dacl s
Janall (5 5Sa il L cilase ) 2 1L & e 13 el aaiall i) L lentad
3 el

LAl Adiad 4yl

la gy s Heterorhabditis bacteriophora 135l sy ey Sa) 4 W) Cileat 4
izl s Heterorhabditis marelatus

Ay (0.1 bl Ledana ) Jal&I gl 5 8 3l dac 48 H. marelatus Vs silay s
(%9) ad) oLl

Gl Ay 0.45 = @l i sae) 1,3k 0 o5 H. bacteriophora Vs sias L
(%34 ad

H. & sl i ,ie H. bacteriophora <aiS iy 53 e lehalis canel 1 glag 4 i
SV Al LY DA marelatus

oitall Ja b (8 e 0 DS o6y 8 B 58 a0 ol

1 adal) Jlae¥) Lany

co) saad) Jial) das gad B el agiland) Y e ians Alelil (g gal) il Aadia -
- Alenall Cag el ciad @ pdall Fa peal 1o gilegll Sl Ay 5 -
8 i il e iad JAT i gad Zal) ) pall A el 1o gilenlly 8K -
gl JAT Bl g s el 8

Ao e s 8aal 3 G U 8 oni G glasS o e g il ias ssiga il alaal
.t)ﬂ\uuéso,o)ﬁ\ 2 il
gy 8 53 T e 3 s (sl il 0558 L e il il 56 2t o
a—axill Clge 8 Ae e e ol paall Jodill Angu B pdal o)) se @)

tsag .Yl 5 SA aaa e Jexis caggregation pheromone

« Ferrugineol [(4S,5S]-4-methyl-5-nonanol)]
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(Oehlschlager et al. 1995b, Perez et al. 1995a,b) aad —

8,9, or 10 carbon, methyl-branched, (&Y Jsasl) Jsliy) de gane (o osST @
secondary alcohols
o pdall o3 o Jelaill y sl Zad e 3l d sall s3a g o

—aiia G st a3l Jaadl) A gl Jilell Clige S Dlige 8l o Jaall o) 0
s> sl 5 (5 sl il yal)
¢ Lt alan Ll it Lo % A8 (any Leills 4 slaS o o0 Kairomones <l ga S
@Y e Bl b llee oL Canst Cun i ga € Y ge Jd) (e Fniall 55l ied
Cial 3yl oda gagi AL dad jadiy Jadil) Gide 5 Candl e Jidall (S cllilee
AR e Al jaas e o) el Jaaal A s
tAlariciall 3 3¢aY)
J J—ail GC-columns and GC-temperature programs s > eal Jasi i *
«semiochemicals
GC-mass spectrometry (GC-MS) in both electron impact (EI; 70 Jaxiiy ¢
nuclear magnetic <lla_<;.eV) and chemical ionization (CI) modes

s staS) S Al a8 Jeatiun resonance (NMR) spectroscopy

R. ferrugineus s) ) JA3 4wl Lethal traps baited 4Ll slaal
host Jilal Jaaall i ge S 5 aggregation pheromones auasill il ga i Lgd Jaainds
.palm kairomones
” ethyl acetate, ethyl propionate, ethyl butyrate, and Jie Ja3 < i 5sa3 @
.ethyl isobutyrate (Gries et al. 1994a) (Hallett et al. 1993a,b)
£ sl Qi gl (o e w5 ) Al Hilas (o Jl Gupe plof ian o
S U (e daiial) apeatll G e s ae Adalial &85
t—s Sl cuad as carbaryl, carbofuran, lannate <lawall 4 gud) & jda B33 o
Jhadl g8 b ¢y siball Jglae
— ¢l = pineapple, S. palmetto, molasses ¢ Sugarcane alasi ) 4 25 ¢
LA o gad 38 a il limal
tlgil gina g 51 yaad) JoAdl) dus gous B S i
A o) Y e A ge il sapadl calln e

-21 -



Ll D e AL lsd ) e it 4 5 an (SEWDL Jha -
Banadl o sl ol ks cudin o 5 el selual (al) el Jland) aly —
LS e Uaall A0 mdand) 8 (gl (S cufly —
(o st odad 4-3) sanadd) Y anally ) seras 5ok Jadl s (e pdad il —
kil oty Cumy clesapad) 8 pny —
tabaall alaal
S dnlas dabis 292 99 Large bucket traps asall pS Jlaull ¢
AL g da g pa Y e g
& oa V) e Al g ia f Gl e W) s sanad) Jea dusadl ARl o
Bapadl a5
tlgad gy ylaally Lliad) Jga clliadla
A il 3 i s g Jhl 4als e dale s e g ol 5 pli ) o dladl pag -
daadll g s e ey Lenn s S5 2 50 o el cilaidl) 55 Cua
Banadd Jaly ela) 3 ity ¥ Cuag sladll il o sall iy —
& sl IS Banadl Jals (Jad gan adad ) o133 Jay -
sanad dals s (Olal sl ) LA JS el Giliay -
Leise o B 2y (8315 A e padl) Bl e g gl JS ) pdal) pend -
rALalsial) Aadlsal) gali s (o 4 ga il Abaall aladia) i) gh
A e ) e A A PIA A gl gl de ge o
g pdiad) A8V o3ed duanall WK yaat e
AadlSd) il cul o
ALSY ol piall lasldaia AldSid) dadlSd) cillee 8 Jaxi -
g dsadl) 4B sl sla Jshas slall 5550 Jsh e gudl paine 3aa3 ¢
cJadl i ge S 5 Ampentl il se il
Aglia) Zala ae USa JSI alas (6) Jare Jexiads o
el USa JS1 4 9w 94 aua & R palmarum ge 4 0 4 e

5] anll Al Ao guad 4y gon Anbleall Lpsa Aidat S 55k g nglad
A ga il A o)) alead) o Leboi it dua Y1 A se KD A ga il aladdl A «
vl yendl Jaail Fas pus 5 pudiad Ldla Jidil L e Adaa Gl g S LadlAiu) A8 «
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0= B. bassiana sl il ¢ jead) Jaadl) A s s pda duyslip dblaa) i «
Giob oo XSy ¢ lgle elaill g lgna ) il wie SUYI Cy sl Jaall ¢ ) Se (8 L8
kil Gleay o) peadl Al A s Abadd i) 3

Jial) L gl AL 5yl An8lSa bl pdall A peal) Aydaall dagiledl Jadind 48 «
il sacls Joa Ly il b gl jeal)
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SAD T Aadlea el B L sas el 3 cland
to) paal) ALY A gu

The red palm weevil, or Indian palm weevil Rhynchophorus
e Jadn ASld A8) 4 S8 Cua Melanesia LDl s Ll sia 4w sl ke siidferrugineus
. 2ig)

Hlase Lo sls a1 G580 Jall (e saad il e

1985 saniall Gy el il Lyl

1987 403 gl Ay jal) ASLaall @

1990 o)y e

1992 Al pan iy e

1994 il -

- 1999 il jud 5 cpland &l 33 5 dyadlell dga Y1 ASledl)  *

Jadll o) al §f Alad) Qi Jilud sy elld 5 28V o3¢d ay yudl i) A QL)) aalas

A e Al Aol Bl ) dbad) Gl e b

| The World|

I8 idor lov son 20 20 st Lucl u:- 180"

HD

T8 . “ F mmm
‘ \i hhﬂh* u),u
7

aoa M i =

".

G
a;

e '|

S Adwiomanss’ /-
F-.' ar,.' =

o e A riu' 60T

Ay el A Sheal ¢ (o yad) ASlea cadlel) T ) ASLeal caaniall g jall i LYI Alpy @
O od Losean CysSl Ay ¢ Gl A gy Ay pall jiae 4y ) sean Olae dahals A )
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Ll el (il cla gy cigh) ¢S ¢ sl (LY (5 cLonssi g caaduy!
REBNNIPLY
Pl ) da e gAY g e
Rhynchophorus bilineatus — *
R.cruentatus. .
R. palmarum .
R. papuanus .
R. phoenicis .
R. schach .
R. vulneratus .
Db A S Gl AN a
Al 7 g el Yy &l e
. s madl) saill Lalis dilaie dualiy g aliil) (SLJ e
b laad) " Al Al 3 A e 50 s ledl 5 Gl e (clalad)) diladl & A oS
-3l g Akl s Al (63 Jaall Bl lis dealee 3l e
3lad) 3 g0
Jii 5 Ja ) Fapie 5 s iy Y Ayl Gl e U 52 any gl Gy
Ll ddle o daaa¥) o dia )8 Al Lead o) 3all dal i sdam Cua Ll ol
el Jala
Al T Lgd o S5 aal el (s ) leel dased Ll cladlg) day L 280 a0 o
(e Anauss
Loss (55) Jamsiall s Lass (78-36) s il sai Uy
= 5) U Lgdsh duay JSAI Ay gliay 440 46 50 Wl (S el p0e (N A Jsam o
o (37 2.5) oo lpmse s an (5.5
Baal s ALIS 5 i e 535 e pand o siadl s Lagy (20-12) 5e olaall s
e (3.5 -2.5)
el (372) pe 5 uiadl Gty ) pa @35 5e e ST ) 2 gm0 e
o gl ) g bl
. Date palm il Juas e
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.Coconut palm il jsa Jis °

Oil palm <y 3l Jaas »

-Ornamental palm A, Jasl e

. Sugar palm Sull s e

. Sago palm salu Juas ¢

- Royal palm Sk Jasll ¢

- Wild date (toddy) palm s <l Juas ¢
. Palmyra palm |yl Jias e

. Nigbong palm BEGI
. Sedang palm BECIN
. Talipot palm BECE

P Aglaal) BT o Gt 4ds o Ala) o2l sl
R %NS N P PPENIEPEPE R [PWENpRE B F PRET- XSO
Gy S5 Al aal Al g ia e A S Aad o3 sl i e S haa Jlu dsay o
idhie 8 Jpd ol o Al oY) A dhie 84 e Ay Apdd 5L d g
N (PN T
NN ISP SN PREPN P PAE N PRE
gila Jsa (clalal) Jiludll gay Apalill dadl) b} Alla 35 jleall S Gl g 0
P g S L IR P I B A P
ool ) Aihaie g gl Bl 3 ALY ange die AR S sl AlaY) s .
Ay s Y s e galdil aag 320 daae 5 e e AR muais 5 jleall
Al sy e
o) iy iy el ey e e AlA) Al die
Ll 3 AL 5 i) A8 ja 5 AL J3ly i g  Cipaplan o
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: Oligidic Diets For Culture of Rhynchophorus : 4u gl

Gl Rhynchophorus ferrugineus (Olivier) ¢l -l Joaill 4 _sgu )
.coconut palms gl s (3lw gt (e adad e (Rananavare et al. 1975)
s e Jia Jarioy sugarcane il S oL Rahalkar et al. (1972) L
nutrient agar (5533l ;- a¥) sale aa Sl il e @l g A gl i 8 2
s gl iy s A3

Leaa ) il 43 ol Sl ALK dail) Jasios

Sie huy Jo @li iy 5 40l (Rahalkar e al. 1978, 1985) il el
(sa—us (e JIS 5 sugarcane bagasse (fiber) Sull casd (i) J& sy elua
Al 3 ey Clipalill 5 Galaall 5 55 Suall 53 jaen 5 2l H

el a iy oSl el sl Sl casd Gl L 5 e s Jaxian
propionic <l gn sl (aals

A ak e cana it 100 ann o Sy g gl (50 qan .l 5
S () L skl (mjad g e A 50 29°C 5 ) e da e Ladatp Ak ) (il
e pl Lgna s Allia (il Aadad e e fidtins 500 pna lgla B S35 i e
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:Diet Preparation Ll juaad

bacto-agar (Difco s —&0 ¥ = L 250 10— Al bl o<y e
. Laboratories, Detroit, MI),

ele idiue 1892 ¢

gl e 14 L)y Clilid s 0
vitamins A (5000 1.U.), E (30 I.U.), C (60 mg), B1 (1.5 mg), B2 (1.7 mg),
B6 (2 mg), B12 (6 ug), D (400 1.U.), and K1 (25 pg), folic acid (400 pg),
niacinamide (20 mg), biotin (30 pg), pantothenic acid (10 mg), calcium
(162 mg), phosphorus (125 mg), iodine (150 pg), iron (18 mg),
magnesium (100 mg), copper (2 mg), zinc (15 mg), manganese (2.5 mg),
potassium (40 mg), chloride (36.3 mg), chromium (25 pg), molybdenum

(25 pg), selenium (25 pg), nickel (5 pg), tin (10 pg), silicon (10 pug), and
vanadium (10 pg).

: Jie preservatives dkilall o goll ) ddLaYL e
m-para-hydroxybenzoate [14% solution in 95% ethyl alcohol (25 ml)],

sorbic acid [12.5% solution in 95% ethyl alcohol (37.5 ml) in preliminary
tests or 6.28 g sorbic acid potassium salt in refined diets],

. 4M potassium hydroxide a sl 2S5 08 Jolaay ©

il A8 bl juaad

bl IS Uaud 53 ele (xS Jidiin 500 a linalill Y gua iy o ol A8S Lalas o
by il afay . 5357 4aaa il e pa 8 G Lhals ey ol gall Gl (iR
Ao sie da 0 120 4a o e 54885 20 324 autoclaved

vl il ae A5l Glialidll o gos dme el Tadad) 3y Levie

L3 s dals S 8 s g dangl cuay

LA 8 ddaud g3 Bgan) 5 48y Jai g Ja sl A28 e B jis Jead (A3 Jas gl 0y Lexie o
NP

A sl sl e 2acled A AdaeY) daud g ol &YV ais

Goa Gl Jadis Al @8l et s A8and Lla V) Gasdi delu 24 any o

Bt 5 Asie da 0329 5 a day o duala Jals @i ) e 30000 Lla V) (uaas o
photoperiod of 13:11 (L:D). M idclu 11 ¢ smdclu 13 Jaig disn

s 53 Lk blu Y asas
Ay e linais Y S W2 12,5+
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. Rahalkar et al. (1978, 1985) for culture of R. ferrugineus : jaadl
s Agilal) cluldl
Lt (3.13) b s P dllgiondd) L) ke (%100 <l ol s
(%70) ALY ol yiall ¢ g5 A Jef o
Loss 65 — 48.5 ALISH i jiall 7 5 35 L0 skisa gz d 5 o
Cultural Control : is/ 3} dadl<al)
tJie V) ) gt 8 ae b of Sae Agliall Jualall dead Jleel (e 22e
D5y ol Vel dall g sad A dualall Wy el U3 gTillage : & sl e
Aol Jle S il ¢ seaall 3y 3ai (Al Jledy)
e e s bl pal f el e 4k daud gMulching oY) ddaas e
eyl jial e (e palddl (m @ Burning Jealal UWa G s o
Sl s e Jralall e Lailas claa JexiResistant varieties e slid) Giluayl e
) paal el e
oo bl (mky Jualal) 2l e 443 L Tolerant varieties : ilaid) Ciluayl e
oal ) @ pdal dealea
ezl axdl ) gl dalise Jualas del ) 05 Crop rotation :igel )3l s sal o
Slo it ) Aald 5 gea) b ye) i i gl pdiall g JleaY) dailSa 44k
( dalsd Uay
L¢l<al Altering planting or harvest dates : s_aal &, ) oy il e
c ) e med
Jsas g dhalall 5aliys ) in (il 5 il ) el e selis ) el 50 JleeY) e

JAay)

Host plant resistance to insects < jéall da gliall il
1) el dm i e gl ACAS Bl e lae ) Jany ¢
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da ) dsan 050 Loy dealy e Ol pdall L00 CBlal) (e Jeat -
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ol s dildll Juad S
AV e s A3 e ) 5l o) A die &gl ¢ el e die oy -
VY Canal  cplall Gl 5 el
i se iy Al LlLaY) mmse o (anl0) glisbs Claals Cliadl Jadl) iy —
(%10 355) wad s G ad by dikie Joa | i 30 = 20 J sk dioaa
Ga s of bodall sl Jl & pdal) lanadl gasly @6 (10-5) saad Jiladl) et —
AP
S Al ) i) S sed) Jslae Al (5 5 (mu85) el Ayl il —
Al g 3a dala
2y Aleadl il @ pad 8372 Janay (O s o) psial) i b pal Bl g -
ALY & G el s e Leile oSan 5 S cadlly
Jdl) f a1 ) ax e slel po pe A1 e aldill 48 a5 Cladll Jiadl A3 -
(533l | Y i Ao el il Lsa s
ALLY e ludidl) dadlca
:Jadii s Biological Control : 4 sl sl dadlSdl -
Milky spore disease o el cuadl  —
insect-parasitic nematodes < jiall Ao dlakial) o glenll -

s Beauveria bassiana : J—w fungal pathogens : dua yll <lyhdl  —
Metarrhiizium
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ohel jedda gy el &y el o el el Jasy of Jd 5 au g
Lo SIS sl ¢t Jleainly

Jlexiuly 4 8Y) 4 ~8lSa el 8 Jaaiudi 5 preventative controls 446 ) dxilSa) .2
2ol ) A sl e A2l ey b 23 5 imidacloprid, and thiamethoxam. <
Gl Jsmn 2 e e aelid Alaal) oda o canall Jlaey JandU (Calll 5 Canadd
NRIRCN

-

FAL o) pand) Bl A o 48] Aalea dga 3 allis
Integrated Pest Management for date palm in the Gulf States
p el i ] Aadlea Aoy alall y ghail g Cua
Pk Lo p s el dpale diad ) Jaad) 2Ly
Aalidl el s 4 pdall Jiail) cldY Giay elae) .1
Al Lgiaa] 5 ld) Ll e Jeld el ey bl .2
sla B Jsn 3 e ol g dadaial) & U A gl sl) AadlSall sa0n Aadl i) oy .3
L el
A e Ui Ugainty il Sl A @lli g dm o) gl AadlSa) jalic aes .4
gzl &) yial)
Ll ity 50 Ld Al el S e LS
o sl sal) A€ Al dlaie) 5 < el (el lacY) Al sl 0 05 .6
D Gl o 5 el JlasY AUl o L)
. field sanitation Jaall 4dUsy -]
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Beauveria bassiana il & il dg il
£ yand) Judil Ao g dida Apal aY) Alllad lo 5 fisal) Jal gadl g

@ jiall dca yaal 48800 dall LAY (e de gane Jf @ piall dia yaall ey yhadll e
Ot 3508 oy Gl laolach i g Lt Cangy 4y pdal) ldY) Aadl<e 8 Lgaladind 5 3l
O ESIL8 Allad g dlapisy Sl gy Jisd) 8 e8] (e Sl Bl 5 gl (o J sl o
Jae) Wgew oS LaS a5 Baanie ducliva Gl o don adl jay seii ikl ) 5
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sodally ydadll g g u5a e Ab ey Adady Al Aadl<al) 6 il ladl) aladiiad Callal,
oy L i o Saall Bl gl g Aaagiod) 5 pdal) Ty 8505l Al (o plall 5 diagia
laaal g hl ey 4y p8all 3 yudall o 8 Claaads duntel) AUSY (5 giie Sy dlal) Claa
AnilSa) et sane Jal ge Alelaall g g Alabaal) 48y e ety cla i 44y la

: Beauveria bassiana LUiawls U 8 51 kil

il oyl ) o) 85 e I Lol oy i el il yhadl) s
g J & Bombyx mori sl laal Sails \:u\_\ 5 L = B. bassiana il s ladic yic
Ol G o ing Sy ) QD Lyl ey lalig L g Wiy b5 i) L 53
5Ly 8 Mascardino g el e s Lalial Jal sadl daulic aae o 4l 5ok 8 Jla
1835 i A Al 43 12 5 50l 5 Agostino bassi allal els of I L 3 & Muscardin
doal) AASY oY ale Jimas I o3 IS5 il il (gsan) dnnd (el of 85 1836 —
Balsamo  allall o8 AL ¢l gics Uy 2y o ol 3 Js il il 3 L je asey (530 2280
Oallall A8 o ) 138 aunsl Qs Botrytis  Bassiana sless yhil a5 1839 daw b
slar—is 1911 = 1910 8w 3 48n 2ty 4 gl on 4ul )y Vuillemin s Beauverie
o) a3y s Fungi imperfecti il §f 3, sl <y yhadll d o\isa y Beauveria bassiana
e Sy Beauveria bassiana (Balsamo) Vuillemin s—a 5 yhill JaSI alall anY)
Ay g il 50 g ABLIS) 1S 5Ll elalal) o lad

R s S Sl J S8 al e o Adlad) a0 pdy JLEN) e jladl
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«Carpocapsa pomonella 7\ ;& Jis « Ostrinia nubilalis o5 S a0 Gl s
Leptinotarsa (53 sS¥) Gubl_ladl cL_wiid Pieris brassicae s SV i Sl 5350
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5okl o adll B3 Jfe gy diall LSV ey dia aeladtia) die Alle Gge cud g
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i L8 5 gy S i) e bl & Gelechia hippophaelle &) 4.3) 4 <8
s Gl < aatial) Y ) 3 3,5V bl ) o (e iU g Ly of dawy & Lymantria
Hypera a8 G5l G sad ALK ) ) 6 LS ol pliall (e 22w o) Y (5 53l il
Oxycarenus il 3 )3 3 44 jaall A dediial &l ) sal) g ALK &) yial) g brunniepenis
i &y dal s el Gl Ala) e Adle 5,8 3 sa g ¢ pae Bl 3 hyalinipennis
a1y« Pectinophora sphthorimaea sHeliothis sSpodoptera s Agroti sy
o—e Perezet et al <1999 Lglje Al ¢l (i gl sY) (mmy dla) e dle 5,08 L) YDl
G olaa) 5l el JS J8 s bl ) ol 5 LS & Myzus persicae paa) F 53l
Spodoptera & s¥) dakald i Jig 5 Cuat ikl & A Al e A Je & WS cJanal)

.(Lezama-Gutierrez et al., 2001) 5,3 e 3 phall CldY) sl frugiperda

ol e a5 LS Al 6 i L ol e 558 Ly Rl 35S il cilas S i
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Use of Entomopathogenic Nematodes as one of the Biological
Control Components
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The life cycle of Steinernema starts with an egg, four juvenile stages, males and
females. The third stage infective juvenile (IJ) of the life cycle is adapted
physiologically and morphologically to live outside of the body of the host. The
1J is always enclosed inside the cuticle of the second stage juvenile, it has a non-
functional mouth, anus and a much reduced alimentary canal but well developed
head papillae and amphids which assist it in locating its host. The IJs are
attracted to chemical cues such as C0O2 and insect excretory products, which are
emitted from hosts. Once the IJs come in contact with a potential host they enter
through the natural openings, the mouth, anus or spiracles. In case of S.
carpocapsae the preferred route is via the spiracles, mouth and anus in case of S.
glaseri, mouth and spiracles in case of S. scapteriscac. However IJs of
Heterorhabditis can enter directly through the cuticle using the dorsal tooth
located in the head region.

Entomopathogenic nematodes can be divided into two groups according to the
way by which they become attracted to their host:

1. Ambushers The 1Js of these nematodes wait for their host to move close
before they enter: these nematodes are more or less "lazy". The ambusher
nematodes show a characteristic nictating behaviour in which the IJs stand
upright by lifting 2/3 of their bodies into the air and using the caudal region as a
foot. Examples of nematodes, which show this behaviour, are S. carpocapsae and
S. scapteriscae.

2. Cruisers These are the nematodes which respond positively to chemical cues
emitted from their hosts and they move actively to their hosts. Example of this
group is S. glaseri.

Once the 1Js enter the host they move to the haemocoel where they open their
mouth and anus and release the symbiotic bacteria which they carry within their
guts. The bacteria start to proliferate and reproduce inside the host. As a result of
the bacterial development septicemic death of the host occurs. The bacteria have
also been shown to produce a series of other chemicals, mainly indol derivatives
which inhibit the development of other microflora within the insect body. The
bacteria also suppress the immune system of the insect host. The nematode feeds
on the bacterial cells as well the decomposed parts of the insect body to develop
into the fourth stage juveniles and adults. The nematodes complete several
generations inside the host body until the contents of the cadaver are completely
consumed by the developing nematodes, when development ceases and the third
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stage juveniles start leaving the cadaver of the insect (see Fig 1 & 2).

One of the major differences between Steinernema and Heterorhabditis is that the
Us of Heterorhabditis develop only in the first generation to adult hermaphrodite
females and in the second generation develop to amphimictic adults (Le. separate
males and females). In the case of Steinernema Us of all generations develop into
amphimictic adults. Members of the first generation adults in both genera are
larger than the second

generation ones. The size of the host influences the number of generations of
nematodes as well as the size of the developing nematodes.

After mating inside the host, female nematode lay eggs through the vulva to
hatch within the insect host body to the subsequent stages. However due to
nutritional signals nematode eggs may hatch inside the body of the female and
destroy, this phenomenon is known as Endotokia mardicidia. Depending on the
species of nematode, size of the host and other environmental conditions, the
number of generations produced in the host will be determined. When the body
of the host 1s depleted of nutrient, the third stage IJs leave. the insect cadaver to
search for new hosts.
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Fig. 1: Course of life cycle of the Genus Steinernema
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Fig. 2: Course of life Cycle of the Genus Heterorhabditis
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The Symbiotic Bacteria

Steinernema spp are symbiotically associated with specific bacteria which are
always carried monoxenically within the intervesticular gland of the nematode
gut. This bacterium was first noticed by Bovien, in 1937 during his studies in the
description of5. bibionis = (5. feltiae). The bacterium associated with
entomopathogenic nematode was originally identified as Achromobactor
nematophilus. Later more research studies conducted by several scientists have
explained the relation of the symbiosis between the nematode and the bacteria.
The genus Steinernema is associated with Xenorhabdus spp, while
Heterorhabditis is associated with closely related species Photorhabdus
luminescens. (see table 1 for different bacterial symbiotic associations between
different nematode species). Photorhabdus bacterium differs from Xenorhabdus
bacterium in several phenotypic as well as biochemical characters such as
positive bioluminescence and catalyse activity. Also, poor DNA relatedness has
been found to exist between the two genera. And detailed comparisons of 16S
rRNA sequences for the two genera did not distinguish them, other biological
differences between the two genera such as the production bacteriocin but in
different ways in terms of ultrastructure and physiological events. Also, the
difference between the two genera was demonstrated by their interaction with
nematodes; P. luminesces does not support the development of any Steinernema
species in vitro but may support cultures of non-host Heterorhabditis spp.
Similarly Xenorhabdus spp do not support the development of any
Heterorhabditis spp in vitro but may support cultures of non-5teinernema spp.

The relation between the nematode and the bacteria is mutualistic and symbiotic.
The 1Js carry the bacteria within their gut, the function of the symbiotic bacteria
is to provide a good environment and food for the nematodes to reproduce and
develop. Both genera of Xenorhabdus and Photorhabdus were placed in the
family Enterobacteriaceae. Also both Xenorhabdus and Photorhabdus are gram-
negative rods, non-sporulating, oxidase negative with both respiratory and
fermintative metabolism.

Phase shift of bacteria is a well described phenomena in microbiology however,
the definition of phase variation in both Xenorhabdus and Photorhabdus, states
that the existence of primary and secondary form variants with morphological
and functional dimorphism. Several methods are used to distinguish between
phase one and phase two for example both phases have distinctly different
colony morphologies however both variants do not show any difference in
pathogenicity to the host G. mellonella.

Other differences between the two bacterial phases can be summarized as the
follows:

(1) Phase one produces ranges of antibiotics while the secondary form does not
produce antibiotics.
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(2) Phase one adsorbs certain dyes and develops large intracellular inclusions,
whereas phase two does not adsorb dyes, and forms insufficient intracellular
inclusions.

(3) Phase one is supposed to be superior to phase two in its ability to support
nematode propagation in vitro.

The Pathogencity of the Symbiotic Bacteria

Death of the insect after infection with the nematode and the release of the
symbiont is due to the ability of the symbiont to tolerate the hormonal
antimicrobial system of the insect. It is also due to the ability of the bacteria to
multiply within the haemolymph resulting in an increase in the haemocytes
which release the toxic lipopolyasacharides (LPS) causing what is known as
septicaemia to the insect. The bacteria also produce antibiotics capable of
inhibiting the growth of many different bacteria and fungi which helps to
maintain an environment more favourable to the multiplication of the bacteria
and nematode.
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Table 1: Symbiotic Bacteria associated with different species of .EPNS:

Species Bacterial symbiont
Stelnernema kraussei Xenorhabdus bovlenii
S. glaserl X. polnarii

S. feltiae X. bovienll

S. affinis X. bovlenii

S. carpocapsae X. nematophllus

S. anomall Xenorhabdus sp.

S. intermedia X. bovienll

S. rara Xenorhabdus sp.

S. kushldai Xenorhabdus japonlcus
S. scapterisci Xenorhabdus sp.

S. ritteri Xenorhabdus sp.

S. neocurtlllae Xenorhabdus sp.

S. rlobravae Xenorhabdus sp.

S. longlcaudum Xenorhabdus sp.

S. serratum Xenorhabdus sp.

S. cubana Xenorhabdus sp.

S. blcornutum Xenorhabdus sp.
Heterorhabditis bacteriophora Photorhabdus luminescens
H. zealandica P. IOminescens

H. megidis P. luminescens

H. indicus P. luminescens

H. brevicaudis P. lumlnescens

H. argentinensis P. luminescens

H. hawaliensis P. luminescens

H. hepialus P. luminescens

H. marelatus P. lumlnescens
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Factors Affecting the Efficacy of Entomopathogenic
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Factors Affecting the Efficacy of Entomopathogenic Nematodes
) pdall Al yaal) 12 giledl) Adad o 3 sl Jal gl

(a) Behaviour: In spite of tile fact that entompathogenic nematodes can parasite
a wide range of hosts in the laboratory, certain nematode species or isolates will
control specific insect in the field better than others. The behavioural differences
of different species can affect efficacy, for example some nematodes that actively
move vertically in the soil such as S. glaseri are usually more effective against
the larvae of scarabaeid insects probably because they are better able to reach
their hosts. The mole cricket Scapteriscus spp are more susceptible to S.
carpocapsae because S. carpocapsae juveniles do not migrate from the site of
application where they were applied while the mole crickets tend to remain
nearer to the surface of turfgrass.

(b) Host susceptibility: Host susceptibility is mainly determined by the ability of
the nematode to penetrate the insect host. Entomopathogenic nematodes are
considered to have a range of host insect. Some species of Steinernema e.g. S.
carpocapsae juveniles infect 250 insect species from over 75 families in 11
orders.

The most susceptible hosts to nematodes are the ones that can easily be
penetrated by them. However the occurrence of a variety of species of
entomoapthogenic nematodes even in one location implies an evolutionary
development resulting in distinct character of every species including the
development of specific nematode-host associations. The susceptibility of
different insects to Xenorhabdus depends on the ability of the host defence
mechanism to limit the bacterial proliferation within the host. The LDs, values
for the bacteria range between 50 - 500 cells.

(c) Moisture: Moisture is the most important abiotic factor limiting the survival
and the movement of the nematodes in the soil. The survival of steinernematid
nematodes is considered to be higher in relatively dry soil provided the rate of
drying is slow. Rapid desiccation is fatal to many steinernematids and
heterorhabditids. Nematode activity and efficacy are severely restricted when
moisture levels are insufficient for nematode movement and persistence and
excessive moisture levels can also inhibit nematode infectivity by immobilising
the nematode due to the forces of surface tension. Also, high soil moisture can
remove the oxygen from the soil and may influence the survival of 1Js.

(d) Soil type: Several factors, which affect the nematode in soils, are porosity,
aeration, water content, temperature and chemistry of the soil. Soil texture and
pore size determined by the size of the soil particles, which can greatly affect
nematode movement, host finding strategy and ability to survive. Horizontal and
vertical nematode dispersal, pathogenicity and survival decrease as the overall
proportion of silt and clay increases. The ability of S. glaseri and S. carpocapsae
to infect hosts decreased as the
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content of clay increased. Nematode survival in most soils is not affected by pH
in the range 4-8 although survival and pathogenicity of S. glaseri and S.
carpocapsae were greatly decreased at pH 10 and high concentrations of
ammonia.

e) Temperature: Temperature has a profound effect on all aspects of the biology
of entomopathogenic nematodes, such as development, respiration, survival,
dispersal and host finding ability. Climatic conditions and the geographic origin
of the nematode affect survival if adequate water is available. S. carpocapsae, a
temperate species of entomopathogenic nematode, can survive better in sandy
loam soil and at a range of temperature between 5-15°C than at 35°C, whereas S.
glaseri

a subtropical nematode can survive better at 35°C. .. The survival of
entomopathogenic nematodes seems to be affected by the degree of activity and
the amount of the stored food reserves within the nematode body. Some species
of Heterorhabditis and S. feltiae survive better at lower temperatures and this
may be due to the fact that these nematodes are less active at lower temperatures
and a longer period is needed for them to deplete their food reserves. Studies
have shown that. nematodes applied when soil temperatures were less than 16°C
were less effective against white grubs than when similar applications were made
to soils at 21-30°C. Application of the nematodes to fields at temperatures lower
than 12-14°C will always fail to control insects, the failure in control may be due
to the effect of the temperature on the nematodes themselves or on the symbiotic
bacteria or due to both factors.

f. Ultraviolet light: The entomopathogenic nematodes are extremely vulnerable
to ultraviolet radiation because they are very sensitive to direct sunlight. Due to
this, application of nematodes should be done in late afternoon or early in the
evenings, The severity of the effect of the ultra violet light may vary according to
nematode species, for example the IJs of some species of entomopathogenic
nematodes are extremely sensitive and they become inactivated by exposure
levels that do not affect S. carpocapsae.
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Production, formulation and storage of Entomopathogenic
Nematodes:
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Entomopathogenic nematodes have been produced for 68 years by
a variety of means; e.g. insect infection or on artificial media by axenic or
monoxenic culture, in solid and liquid phase fermentation. For small-scale
production and for laboratory uses, IJs are commonly cultured using G.
mellonella, but this method is too expensive for mass production.

For small-scale production, the method of choice in the USA, Europe and China
is still solid phase culture, developed by Bedding in the early. The original patent
involved soaking an inert carrier (shredded foam) in
a protein-rich medium (e.g., soy peptone, yeast extract, or offal). This substrate
was then put into plastic bags, autoclaved, and inoculated with the symbiont
bacteria. After a few days, the nematodes were inoculated. When nematode
multiplication ceased, the IJs were washed out of the foam, and stored in air-
bubbled water. This method has since been modified by many of the commercial
manufacturers. Solid phase culturing has the advantage that it can be used to
culture most nematode species. Furthermore, the capital costs are low and the
technique is not technically demanding. However, liquid culture is preferred for
large-scale production. The production outputs can be as high as 100,000 Ijs/ml
from 15,000-80,000 litre fermenters Currently, five Steinernema species (S.
carpocapsae, S. feltiae, S. scapterisci, S. riobravae and S. glaseri) and two
Heterorhabditis species (H. bacteriophora and H. megidis) are produced
commercially. However, the mass production of heterorhabditid species has not
been successful in the USA, and as a consequence steinernematid species have
dominated on the commercial market. In contrast, the liquid culture of
heterorhabditid species in Europe has not been a problem, although formulation
and storage methods are still not ideal. The reason for this odd occurrence is
likely to reside in the culturing technique used in.. the USA and Europe, but since
production methods are commercial secrets further inferences are not possible.

Nematode processing for formulation is necessary for two reasons: to extend
shelf life and to allow transport, delivery and application. The average shelf life
of steinernematid nematodes is 3-6 months, which compared with 2 years for
chemical pesticides makes marketing nematodes difficult. The problem lies in the
fact that the quality of IJs produced on artificial media is compromi~ed; for
example, lipid contents are lower compared with insect-reared nematodes.
Furthermore, the Us can utilize their lipid energy reserves rapidly.. Infective
juveniles have been formulated with. a number of different materials, including
clay, gel-forming polyacrylamides, pOlyether-polyurethane sponge, vermiculite
and peat. Most of the above formulations were designed to restrict the movement
of the Us and hopefully their utilization of energy reserves, they also required
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cold storage to keep the nematodes viable. However, restricting movement was

not sufficient to reduce the utilization. The breakthrough came with the
development of a water-dispersible granular formulation. This formulation
allowed the Us to enter into a partial anhydrobiotic state extending nematode
survival and shelf life for up to 6 months. The added advantage was that this
could be achieved at room temperature, eliminating the need for cold storage.

Commercialisation of Entomopathogenic Nematodes:

Large-scale commercial yields of entomopathogenic nematodes require
economies of scale in other words decreasing costs with an increasing scale of
operation. Without economies of scale, commercial production of
entomopathogenic nematodes will remain a cottage industry. The mass
production of entomopathogenic nematodes has evolved from the first large scale
in vitro liquid fermentation production method. Bioinsecticide companies
produce entomopathogenic nematodes monoxenically using the solid-bed process
developed by Robin Bedding in 1981, or by liquid fermentation method adopted
by many companies. In the solid bed process high labour costs limit the
economies of scale, whereas in liquid fermentation highly efficient production of
many steinernematids species has been achieved. However there are some
hiccups in production of heterorhabditids due to the instability of Photorhabdus
bacteria in the fermenters.

Formulation of entomopathogenic nematodes plays an important role in the
process of the commercialising these nematodes. Firstly they have to be
immobilised to prevent loss of glycogen and lipid reserves. Immobilisation can
be accomplished by maintaining the nematodes in aqueous suspension at low
temperatures (between 5-15°C), but this approach is not commercially desirable.

Nematode immobilisation can be achieved by storing them in polyacrylimide and
alginate gels or by partial desiccation in clay. Shelf storage of formulated
steinernematids such as S. carpocapsae can be achieved for up to 5 months at
room temperature or up to 12 months under refrigeration. Heterorhabditids,
whether formulated or not do not have a long shelf life and always suffer high
mortality during storage. Entomopathogenic nematodes unlike other insect
pathogens have been exempted from registration in the USA by the
environmental protection agency.

Effect of Entomopathogenic Nematodes on Non-target Organisms:

Data about the impact on the impact of EPNS on non-target insects have been
obtained from research of laboratory bioassays and at optimal conditions they
may be considered lethal to any insects they encounter in soil especially when
applied at high concentrations in the field. However under field conditions many
non target insects escape nematode infection, however the effect of
entomopathogenic nematodes on predatory insects was that adult stages of most
predators is minimum and these adults are less susceptible than immature stages.
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Also S. carpocapsae was found not to infect earthworms but these nematodes
were able to develop in damaged bodies of earthworms. Terrestrial isopods were
found to be susceptible to entomopathogenic nematodes. It is generally regarded
that in nature, entomopathogenic nematodes have a restricted host range, and

behave as opportunistic organisms rather than broad-spectrum bio-insecticides.

Essential Laboratory Protocols Needed For Practical Work with
Entomopathogenic Nematodes

1. Culture of The Wax Moth Galleria mellonella:

Late instar larvae of G. mellonella are used wide to for production and
maintenance of cultures of EPNS as they are highly susceptible to nematode
infection and also they can be reared easily in the lab. The artificial diet on which
G. mellonella larvae are reared consists of the following ingredients:

(a) 200 gm of oat meal

(b) 50 gm of Brewers yeast.
(c) 80 ml of pure honey.

(d) 70 ml of glycerol.

Mix all ingredients thoroughly and introduce the formed paste to a glass
container with fine perforations in the lid. Introduce about 20-30 g of freshly laid
eggs of G. mellonella to the container and covered with the food paste. Keep the
containers at 28 + 2°C (70% RH) and for 5-6 weeks. Pick late instar larvae by
hand and use

for EPNS research experiments. For egg production keep about 15 last instar
larvae inside one of the containers to pupate and develop into adults. The adult
moths always lay their eggs on the top of the plastic boxes or on the edges of the
lid. Collect the egg carefully and avoid squashing the eggs.

2. Invitro production of Entomopathogenic Nematodes in semi-soild
medium:

Prepare the following Ingredients modified from Bedding Method for each genus
as follows:

Genus Steinernema
Kidney of beef 70g

Beef fat 109
Nutrient Agar S5g
Water 20ml
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Genus Heterorhabditis
Kidney of beef 60g

Beef fat 20g
Nutrient Agar S5g
Water 20ml

Blend all ingredients in blender till homogeneous mixture is achieved. Pour 10 -
20 ml of the mixture into flat autoclavable glass trays. Autoclave the trays and
leave to cool for room temp. Add 2ml of 1 day old culture of symbiotic bacteria
cone. = 107/ml and incubate for day at 28°C. Inoculate each try with 1000
surface sterilised 1J. Incubate at 28°C for 1-2 weeks. Harvest the emerging 1Js
from the

media using washing and decanting.
3. Mass production of Entomopathogenic Nematodes in Liquid Culture:
a. Media constituents (For 500 litre fermenter add the following:

6.25Kg of 1.25% w/v Spray-dried egg yolk

12.5 kg 2.30% w/v Yeast extract

1.15 gm 0.23% w/v sodium chloride (plain noniodized)
30litre of 6.0% v/v Corn oil

First Mix Yolk dried powder to the oil together. Then mix yeast extract and the
salt in the water and add this mix to the oil yolk powder mix. Autoclave the
mixture at 121°C for 30 min.

Let the mixture cool down to 25°C.

b. Bacterial inoculation: Bacteria should be isolated from the haemolymph of
Galleria mellonella larvae infected with Specific nematode isolate and smeared
on NBTA agar plate. Prepare starter culture of 10 ml in sterile Falcon tube and
use the starter culture to inoculate 1000 ml flask of Nutrient Broth. Incubate at
28°C in a shaking incubator (at 150rpm).

Check the purity of the bacteria by:
1. Smear on N BT A plates
2. Microscopic examinations.

Once that is done transfer the bacterial inoculums to fermenter through the
inoculum's port.

Leave to grow in the media within the fermenter for 2 days.

Check the bacterial growth and bacterial phase and the intensity of the growth
after 2 days. It is always better to determine the nematode viability at this stage.

Inoculate 20 litre off Bacterial culture conc 3X10’ cells to 500 litre fermenter.
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c. Nematode inoculation: Surface-sterilised infective juvenile in sterile water
and 1% formalin solution for hr, wash with sterile water and let the nematode to
settle over night in the sterile water over night under the laminar air flow cabinet.

Temperature at time of nematode inoculation should be 26-28°C.

The volume of the nematode inoculum should be in the range of 5-10% of the
culture volume.

e.g for 500 litre culture add 25 litre of Juveniles concentration of 2X106.
Nematode are also pumped through the inoculum port.

d. Culturing Conditions within the fermenter: Initial pH 6.9-9.0, pH rise
during the fermentation process.

Keep the air flow between 300litre /min

Keep Temperature between 25-28°C.

e. Nematode Harvesting: Centrifuge at 3000 for 3-5 min.
3. Isolation of the Symbiotic Bacteria:

Symbiotic bacteria will be isolated from the haemolymph of Galleria mellonella
larvae infected with Specific nematode 24hr earlier by smearing on NBTA agar
plate.

Pick one colony to be used in preparing 10 ml starter culture of in sterile Falcon
tube and use the starter culture to inoculate 1000 ml flask of Nutrient Broth.
Incubate at 289C in a shaking incubator (at 150rpm).

Check the purity of the bacteria by:
1. Examining the colony morphology
2. Smearing on NBTA plates
3. Microscopic examinations
4. Preparation of NBTA (Nutrient Bromothymol Agar) Plates:
37¢g of Nutrient Agar
1000ml of H20
25mg of Bromothymol Blue Powder
4 ml of filtrated 1% Triphenyl-tetrazolium Chloride solution

Autoclave at 121°C for 30 min allow to cool to 60°C then pour inside sterile
plastic

Petri-plates (Laminar Air flow Cabinet).
5. Preparation of Nutrient Broth:
30 9 of Nutrient Broth Powder
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1000 ml of distilled water

Autoclave at 121°C for 30 mln allow to cool to room temperature before
inoculation with symbiotic bacteria.

Dr Sami A. Elawad
Alhamrania UAE
December 2004
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