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gl ce JGa Jead) Ciudaal) Group 4s gaaall
Class | Viruses: Double stranded DNA Genomes

T4 Complex Bacteria Myoviridae

A Complex Bacteria Siphoviridae

T7 Complex Bacteria Papovaviridae

Polyomavirus,SV40 Naked icosahedral Animal Podoviridae
Adenovirus Naked icosahedral Animal Adenoviridae
Herpes simplex, Varicella-zoster Enveloped icosahedral Animal Herpesviridae

Smallpox, Vaccinia Complex Animal Poxviridae

Hepatitis B Enveloped icosahedral Animal Hepadnaviridae
Cauliflower mosaic Naked icosahedral Plant Caulimoviruses

Class Il Viruses:Single-stranded DNA Genomes

PX174 Bacteria Microviridae
Parvovirus, Adeno-associated virus Naked icosahedral Animal Parvoviridae
Maize streak Fused-pair icosahedral Plant Geminiviridae

Class I11 Viruses: Double-stranded RNA Genomes

Reovirus, Rotavirus

[ Naked icosahedral

[ Animal Reoviridae
Class IV Viruses:positive-satrandRNA Genomes
MS2,0R Naked icosahedral Bacteria Leviviridae
Poliovigus! Rhmov_lru_s, eRatEs Naked icosahedral Animal Picirnaviridae
A,Coxsackievirus
Sindbis Enveloped icosahedral Animal Togaviridae
Murine hepatitis Enveloped helical Animal Coronaviridae
Potato Y Naked Helical Plant Potyvirus
Turnip yellow mosaic Naked icosahedral Plant Tymovirus
Tobacco mosaic Naked helical Plant Tobamovirus
Cowpea mosaic Naked icosahedral Plant Comovirus

Class V Viruses:Negative-strand RNA Genomes

Rabies,Vasicular stomatitis

Enveloped helical Anim.&Pl. Rhabdoviridae
Mumps, Measles,Parainfluenza Enveloped helical Animal Paramyxoviridae
Ebola Enveloped helical Animal Filoviridae
Influenza A,B Enveloped helical Animal Orthomyxoviridae
Phlebovirus Enveloped helical Animal Bunyaviridae
Lassa Enveloped helical Animal Arenaviridae
ClassVI viruses:Retroviruses
Human immunodeficiency virus (HIV) | Enveloped icosahedral Animalz: Retroviridae
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:BACTERIOPHAGES LS cilagile  asilal) cilug b

L 4

:Microviridae dluxs

.Coliphage fX174 gsilt Jaciy Microvirus guis
Bdellomicrovirus _uis

.Bdellovibrio phage MAC1 g4l LMJ

ChlamydlamlcrOV|rus i

.Chlamydia phage 1 gl Jaaig

:Mycoviridae iluad
.Coliphage T4 gsill -aaig T4 -like phages (wis
:Podoviridae dluai
T7 -like phages (s
.Coliphage T7 g4l Jaaig
:Siphoviridae 4lixa
lambda-like Phages um
.Coliphage lambda g sl L
: Tectiviridae cdéms
Tectivirus _uis
.Enterobacteria phage PRD1 sgill Jaaig
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:Corticoviridae dluxd
Corticovirus  wis
.Alteromonas phage PM2 g 5ll Jaais

:Cystoviridae alas

Cystovirus s

.Pseudomonas phage f6 ¢ ll daais
:Inoviridae aluas

INOVIruS uis

.Coliphage fd ¢l Jaais
:Leviviridae dlias

Levivirus _uis

nterobacterla phage MS2 ¢sill Jaaig
Allolevivirus s

.Enterobacteria phage QR sl Jaaig
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BACTERIAL VIRUSES , BACTERIOPHAGES  adlall (wbile) clagils

4ilae Bacteriophages adhall clegile cliled)l alias) o<
ale 8 Twort Frederick s ¢y @Asm A LJJIA Lodic
Leyys Smallpox syall claas Gl dgle 55 (e 7 111915
(o> e hawg b gyl Caeliay ol skl ‘J\f—‘h—v&f— Gib
dalas ‘UJL\.\A ala L ML:&Opaque ("""A ujli L\Aj{)& ) gad ‘LAYJ
@4‘3) \Adu Clrans g cea.\u P E N | u\ Ay ‘dj\A.AJ‘ DJ\L‘ =,
& cadhall Lysis Mad e GAJM);J\ sall g2 309 Plaques
b aiis) (gl 1916 ale u_c«d Herelle Jayao st)d\ eJt,d\ ik
dL.l_\.QBaCIIIus dysentrae il Ll & 2gazll afilall del) ¢\.u\
g re 3B ol ale] aay (Asled Cilalie LUaT ddina) aflal) sa
O b dibae €05 aladtial siey daagiall Gladyall e Jalall
ST ad lgle Gl SSH ae ol G sl
.Bacteriophage il cilagils I Bacteria eaters ai) |
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aile Jgl Jye 1933 ale < Schlesinger  jaijls ¢ sl
cilgl  Max Delbrick &g pubn Sl caisly (WII
ils e 3891939 Ll A adflall agile & Mutations
u)ﬂ\ u\.u.u)a cﬂ:m uﬁ 6{3).155‘2” J.@;d\ u\.«l’.'\S\ Lgdb c(daj.\
\_\19] ﬂd\.ﬁlw us.u \.As u_abal.sd\ g.,e_uay uJ\ e).zu.d\
1942 oo 8 Glagilddl Chels L) o Salvador Luria
(s 83l e Slag)

adihadl g 5 I\/Iorrisj Safferman (uw)yses Ole il Caias)
) ol Caag WS (1963 Hle L;Cyanophages BER
chsll Juagill 5alla 1952 .o 8 Zinder 5 Lederberg
salall adilyall Slegile (s Jais Cus Genetic transduction
th Cileua Q)AY\ u_qu.\s L@AY My); 4\41; B 4_1.1”5\
NRTREN
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Sl alpeY dogaal) Al
BACTERIOPHAGES 7 W4 yiSull

2 Alfred Hershey 5 Chase (&4 m)d\j 5 cidl
o5l (el & cLal¥l 8 ddhl saldl ¢ 1952 ale
el Laeall) Nuclem Ol alg Nucleic acid
ey Al (T2) 29 agildl Labeling aslss assg (g sl
spla Ao llag) Escherchia coli dcsleall diaall adia
Ul (gosill meall P32 widl)l johusdll andiuly o Jass
b sl bl (B agasall Z Wl (gl S35 adial) iyl
Lgau\ Cae Leaill azy Cijelald mjljd\ at)all WA dula) el
u\s Loy calall ghanill, d,,u\ DNA Lia @m umg\

Ls'wj‘)"d‘ ﬁ.ﬁ'm UAAAJ‘ LSQ g.QGL«a.\j‘ 5ala ul.ﬂ 65\4]\.9
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Slill (alyay Ligaal) Aadl<all
LS clagile

1969 .l u—‘* Jasi 8yila 48ldys Delbruck &gl Jb a8
;}us L_\A.G.UA‘ u_d\ ‘ﬁ"")*j‘ u\.a.@_\h d\A.A uﬁ e.@A\A.\‘ qu_
w‘«‘u dyhy Gl dall Ll dapl  (adly
el d)y4llg Bl yuall
Cladie delial dega yilud Gilaa) b Lo cilegilall g
«Lactobacillus legila Laway Déiry iIndustry O\J\J\
Glegile bl Jladdl 8 degedl alegildl e XS
lysddl JB gy dgs wlilaS Staphylococcus
agildll) layiyly Jwatills Recombinant DNA vectors
.(T4 DNA ligase
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2\:1.419 CJA od.d uﬁ)&d‘ JAJL.\S\ o );J\ u\.c.@_da MJJ 36.4.443‘5
‘_,\MLM 48 y20 uS.A.ﬁ aa;j c\~\~. (an wj)uj\ 8 a\ AilaY) )AJLS\
e Leaill 44l r“é‘d a\_u\_mﬁ\ JJ\;J\ dxiiall a\}d\ e\mb L_,\;;\J\
B9 afi)ysll o.JLd\ LA Lga\ LS ¢3)0< jk_ WL < ?4‘“‘ sl JA‘Y\
u'j\ "\-“,195\ g_\).uujj g_m).daj\ danls ?@j d).; (e RIS cgenetlcs
LS .Genetic engineering opshig 4dlyell duaigl) ek_ s
UAJ.«Y\ @hj agd S MJA\}M gi&le g g_al..a.@_\ld\ Ay Gl
4_\.4}.1);5\ g_\\..ujJJ.d\ UA’U lgoas L.s—d‘ Lysogeny

u,a u_whb );l\ Slegilal Lalaidy) dieay) < el hall & J\M\
Jadl s ‘Lactobacnlus aihall Clegalay L) delia Jlas
Laglsull” Jlaw Ay ¢ agin sLasSStaphylococcus gl
. T4 DNA ligase a¢ils diu3all
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:NOMENCLATURE OF BACTERIOPHAGES oxil,=)| wlogilo éuomw

‘_"A ij.m \.@_\SJJ ‘?Lc ds.u RPREWY L_i\.A.@ALd‘ d\SM\ x
o) Basly duagin AL Sag paadilly doldly Syl
U‘ L;jj XY cu\.a@_d.d\ (R L_uu.c j\ J;j &9.\.1 a._\b.aa
Slugyd da o WS Llal pabel g ¥ clegilal
Slo aflall Gy decd ading o A (pally sy
Sl gl allally Al 5 LlaY) palel ol Carad) o
sy §IS 5Py T M auplSl g s cuhael i ccusadl
2 51 due Wl @ gl Hosep oS B bw ) lady

LML%_ASJ\4533
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BIOLOGICAL CONTROL 4 sl 4adlsal
il s8] 38y adlall clegile dnens

HK97 L5 P22

Viral Family  Siphoviridae Siphoviridae Podoviridae

Bacterial Host Escherichia Mycobacterium Salmonella

coli smegmatis enterica
B o HK97 - 0 % 20 %
— CD
sc| L5 0 % - 0 %
»n O
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adial) cilagilal Lalal) (ailadl)

:GENERAL CHARACTERISTICS OF BACTERIOPHAGES
Qagae Clugydll & LS L) dedly clagilall 32
ELMQLABJ ce.q)aj‘\.@_\ﬂ ***@J‘ u\.\.u]\dsg_ghyj
DJAJJ‘ 4\_1..6‘94);1\ M &94 B ).\S\Aj L_i\.a.@aldb ?"'U;J‘ ty\
(AW Glagilall oSy (Al ggn ilagiladl Jie INIPRS L\L\;\
i Olegs aagy (gl (cwgndll (o5l (aasdl (e
Lladl 4dall jewig Jlas ey Lytic dllaall cilegilal
desdl) anne o Temperate Asiea)) Glegild Gl gl

Aady dos Lladdl LI 55 s Avirulent
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BIOLOGICAL CONTROL 4 gall dsdlsall

u);sm L_,L,@A Laitlad
uw).\.\.&\!\ j\ Cyanobacterla claJ)J Jie dung @w

[PWEPLIN| o Rickettsia cilusss)yl 3\ Actmomycetes
Lfj\ a_\uw.mjj gTrue bactena M\ e.u)aj\ j\MycopIasma
j\ * Azotobacter }Shyj Y ,\ Salmonella ).ujdu\
e pawdill S LS CJ\ ... Streptomyces i giu il

sl s e il afhall e agile (i £sll Gy
e Lgﬂ\ ?ﬁiﬁ)ﬂ 5@_\1.4 alhan c«‘)bub LAl Rhylzoblum
ujs.\j \4‘:.\;\ MMT LSJ.L«AA Lsk‘ UMA.\M UJSJJ ‘c«\-\{gﬂ‘ j‘ 1..19.«45\ dﬁﬂ
js\S.d\ LSJ\A‘ s Restricted  lagasa (..@:d.qﬂ radl gadl
doagiys MN—UA j\ &5: UA JAS\ ?é'd'd\ e LAJJ.G Ll cMonovaIent

Polyvalentje \;M

Prof. Dr. Houda kawas 9/15/2011



:MORPHOLOGY AND STRUCTURE uSilly (<4l

u\hj (e OsSig Cap5|d Mls j\ Coat (9 gth
sl aalug Capsomeres clyeswlS ol daaglod)ga
a_\\..q.@_dd\ Lﬁ eu\ u\.A.@_\Ld‘ d\S.ua\ C_\my uﬁ @j)ﬂY\

Ll GabIL Saciall Tailed phage Jadell agilall sas

Prof. Dr. Houda kawas 9/15/2011



Prof. Dr. Houda kawas

TNV NANNOND 2 |

L L L EE C e L LRl

9/15/2011



T4 ppidodl sl

(c) Complex (T4 bacteriophage)

[ Protein coat
(capsid)
Nucleocapsid —
Nucleic acid
(DNA) Collar
Tail 5 Base plate

Tail spike

Tail fibers
(protein)
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um e aaRigi Lo Jollls Hexagonal Ludaw agild) () 05 :A dsgana — 1
dnglgdll duanll adls Clagile Jie o) Fibers s\, Contractile sheath
(150 9 149 M\)TG T4 jcoll T2
TSJ T1

g caee (ol QA Gy el eyl Jodllg Gl Wil agilell @l :C dsgana = 3
&JL\J\ Ujd j\ lal_d\ &ﬂllu

Jie 8 GilypagulS ha U*UM ujs.uj cd g M\J ?@_\ld\ Sl :D ‘\QJAAA— 4
8133 @X-174 .S) s E. coli duslsal Lrasll eu); Clagila

dlo GQ)M L_ib.m‘}uuls B uAJS\ UJS.\U cd.u Ujd LA.A“) Cl.d‘ dlm.\ E ‘\.DJAA.A - 5
.MS2 E. coli F2 4u4lgal Mﬂ\ il cilagile

dogleall dnanl) afiha cilagile Jis Filamentous J<ill aad :F dc a3 — 6
T 13Fde@:d.aE. coli

Lipids ¢saall e ssaiPleomorphic  J<all spaia Clugyid :G dsgana — 7

MV-L2 mmjsm e,@m Jie Al 7ol DNA Ly (geaill  (aaally
.06 6 Igseudomonas phaseolicola aglss
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. Particle iMad)
Family or Group Genera Type Member = Genome
Morphology Envelope
. e . . . | supercoiled ds
Corticoviridae Corticovirus PM2 isometric 5298 b DNA
. . ; . 3 segments ds
Cystoviridae Cystovirus 26 isometric 5290 g
RNA
o Inovirus coliphage fd . 1
Inoviridae : rod asage 1€ [circular ss DNA
Plectrovirus Acholeplasma phage
o Levivirus coliphage MS2 ) . 1 (+)strand
Leviviridae : : icosahedral 5290 S
Allolevirus coliphage Qbeta RNA
. o . o [Thermoprot h .
Lipothrixviridae Lipothrixvirus §moP 2 FURPR° rod 25250 linear ds DNA
Microvirus coliphage @X174
Microviridae Spirovirus Spiroplasma phages icosahedral asase & [circular ss DNA
Mac-1 phage
Myoviridae coliphage T4 tailed phage 35294 & | linear d/s DNA
. . . i Circular ds
Plasmaviridae Plasmavirus Acholeplasma phage pleiomorphic APEYY DNA
Podoviridae coliphage T7 tailed phage 52 p& | linear ds DNA
Siphoviridae lambda phage group | coliphage lambda tailed phage 35394 & | linear ds DNA
Sulpholobus shibat ircular d/
ulpholo _us shibatae SSV-1 lamon st iau g circular d/s
Virus DNA
Tectiviridae Tectivirus phage PRD1 icosahedral 25290 & linear d/s dna
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:CLASSIFICATION OF BACTERIAL VIRUSES 4sagiall cibug pudll Chiiual

doand] ujﬂ\ 4_\;15\ 349 viridae Lgm).\a m)dl_\ L@_\_\M
Phylum: ) (Domain: Bacteria) adls Cicaalls umjyj\
.(Cyanobacteria s Firmicutes Ji Proteobacterla

:Non-enveloped ddiall ye adfiladl Gl yd -1

Myo =) Myoviridae Ll dcasiia afihall il pd dliad
:(contractile

ot Aadl s2g) aim ) by il Gulialy adihal) ga Chuiadl
waag «Coliphage T4 sl Jaaig T4-like phages s
Mu-like (s P2-like phages (wiasP1-like phages
PhiH-like _«sy SPO1-like Phages _wisg phages
VITuses
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L,,J\ dd.\.u Al CJJ)A dsDNA Lo (599 ua.q;j‘ GL:.\; uyjﬂ\ ‘9.\.\Aj‘
¥, « Guanine + Cytosine %35 4w 336000 ntasiadl Jsh c@a\a
e Y 5-hydroxy-methyl cytosine s wmj\ ald AeilSh aag
Lipids gsaall agag cufyy als ‘Thymldlne Cdaadill

Al @l dduad ad)all Silag yd auds L 6yA Jlad e d)jally anlisl
DNA La (551l ucml\ Jasy Jiall laai a5 gns &MyTectlvmdae
ad AN ) Glagyd 4ty LA Al danlall lgie cabian (g
gyl Jlasindl) el 4l 3y <& & Herpesviridae
9 Joan ) DNA Lo (gg6ll el Cailiss Scaffolding proteins
ﬁu\d L_iLA.@_\LQjG .J.wu\ﬁ\ JJA.\} j}dlé-‘ L) 4\.2\.«44‘9.1 &JM‘ @)'L
m\sx\ Ll ‘Tf:mu Herpesvmdae Mj EARYPIN |

«(Binal symmetry Lu ).El_u) Jadg uu O uﬂ_u uju : JSall
c‘d.\j.b &JL\M 6} g).\.«.aﬁ c_m\;ﬁ.u 6) 4\_1.3.913 4\&.@.&4} MAA DJJJA M.L\A
Jsh) 4stlese Nucleocapsids cuﬂm Cildlly ATP dla il (bl
J gl d.u]\ ‘J—‘A}’L’ 80 - 65 @Lﬁj ).myblll -95 4l Mjl.b.m uj\
dpanl) aiha cilegile A8 G cfiasili 16 ey biesil 455 — 80
LA.\.\J JJLLM T2 ?@_\Le L.SA u.u)j\ Ujs-‘j 6T6j T4JT2 4\-135)5\ ijjﬂj\
4_1)4.444,45\ o6 Slagld) (e degans auis ISOMETC Jshall disluca P2
- plad) A FaaaY! & uﬂhﬂ (dﬁ;}\)
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UNASSIGNED VIRUSES 4iguidl e cilagildll

Chuaall agilal)
Aeromonas salomicida Aeromonas virus 31
Aeromonas salomicida Aeromonas virus 31

Bacillus megaterium Bacillus virus G/TD

Bacillus cereus Bacillus virus Bace-11
Bacillus megaterium Bacillus virus MP13
Acinetobacter calcoaceticus Acinetobacter virus E14
Virus infects Gluconobacter Gluconobacter virus Wer
Bacillus subtilis "Killer' virus defect particle
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:(Stylos=column =Tail) Styloviridae 4saghdll cilug udl) dduad

toaaiiall e Jughl) il ) cilagilal)
ngw uAJ \.@j c_al.A.@_\lq \.@J @.\.\j el CJJJA dsDNA Lo Lgiy e L,’J.c ng.m_a
SDI s fM lg Aisloil) Tdal) atiha agile o TSy Ti ol A 1Y agile 3LV
RL 3 XP-12 5 7-7-75 PT11 (e Jslaiall el cld cilagilally <24 5 N5 5 317
.R2

-(podo = foot) Podovviridae Z\.\Aéﬁ\ ‘_MJ Jﬁz.\\ Al

&A Leadl ‘Coll hage T7 @A\ Lo -Ilke P a eS s M\

1283 cl)29 d.m ‘JJLL:M ) <ald L_aLA@-\lc \.@-\Aj 4(1)204%_“-‘1143-'_3

(Tectus covered) Tectiviridae sUsiall cilug il dlucad

dSDNA L gesill Laeslly J5iasili 65 oykai Icosahedral — sgasll S yie agildl
b e slaall Sy Vertices oSN e Spikes Klgal (seaiy cdlulull Z93)e
Enterobacteria gl Jasig Tectivirus guis dluadll aii <Double capsid vl

‘Bam35 ?@m JM ‘e‘ M uu\ euﬁj\ G (53 (PRDI)phage PRDl
-, uh.m‘}[\ (Sl j);.d CJ}«.\S a_aba@_\ld\ AT emj CM

Tectivirus  o«ia a2 Enterobacteria enveloped bacteriophage agil L Tectivirus  Gais af agike
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:(Cortico = cortex-bark) Corticoviridae 4 ,aall cilug yall dlvad

Ssadg Al gaha dsDNA S9sdl aaally cﬂyUGO oykad Icosahedral osasll g e ?@_\LJ\
‘Multllayeredccapsm ik Bae e slarll s Vertices oIS e slaall 4. Spikes Slsal

Marine ~ilegile Jies <Alteromonas phage PM2 gl laaiy COrticOVIruS (win dliadll wivg
.pseudomonas

:(Ino = muscle ) Inoviridae dlasll cilug péll Aluad
4@).1\& Al J)QA SSDNA Uua LQJJAS\ ua.qajj c@.bAS j\ M.UL JSMJ\ 4\{3»4&: U}SJ u‘ LQ\ ul.q.@_\ij\
g.,c.\m.d\ sng SUan dhaan Yj My);j\ Al cLaal) d\)A (e uu@_\ld\ St «Helical 4\.1.15)1; 4\.&:\1\
760 Jshan Ifllamentous Ly daard =slagillll O o o) LMV-L1 type Lol sSalall (ag pd Jie ‘LA
~¢ile lixColiphage fd = g5l Liais (INOVIrUS (uin dliadl ping Jiegilif g 13iagili 1950 —
Vibrio cuwas 3l V6 ~galkf1 Coliphage 5 Coliphage M13

(mlcro = small) Microviridae 8yl cilug il dliad

SSDNA L (5e5il) Limaally ¢hymagenlS 12 <3 Tragili 27 sykailcosahedral sl Sode gl
Coliphage X174 ¢l laaisMicrovirus eis alvadl E\.u e dad ASeally gyl Aluld) 5y

Chlamydlamlcrowrus oasgBdellovibrio phage MA @A\ ijBdellomlcrowrus eing
.Chlamydia phage 1 ¢l Jaaig

:(Levi = Iight) LeV|V|r|dae daedl) g_mjyj\ iliad

sy Enterobacteria phage MSZ yﬁj\ ?@:M j.\j\ J_WJ Levivirus™ _wia alcadl

Enterobacterla phage QB asisall agildll ¢4l LasAllolevivirus
:Siphoviridae dliuad

.Coliphage lambda g ¢l lasislambda-like Phages (wis dlvadll ai
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:ENVELOPED BACTERIOPHAGES 4&lial| adijal) cibug s —2

:(Plasma=shaped)Plasmaviridae Al<iiall dluadl)
aaally iagils 120 —50  layhady 4oy ddlel cald JKEN 5yxie cilusg yall
MU\ L_\by)d\ J);q A g CLSJJ‘J AL.AL.J\ CJ ds- DNA Lm ngj-m

MV—LZ ?@"Ld‘ d.m cLyS()gen (M\MY\) u_u;j)ﬂ a_u.u.mS

(Cysto = segmented) Cystovmdae Bljaal) dluadll
a4 sack eSll  aag kystis Lol (o Cysto au¥) (5l
b, LS,Q}-‘S\ aandlg cJ.mj.mL\ 86 a ks t)m‘)” mjm Calaw gyl cBladder
ufdw\c_\as,o jdfuwbcg}aﬂ )Awuij\cjddeRNA
Polymerase &yely a3 siass Capsid wwlSs Envelope e alliy
‘_51:; ?G"Ld‘ UA.AAJ cu.\.\jj.\j‘ u..a J;b ‘LA.\ uA «Jb.ua\ jd GL.«.A\} ccomp|eX
= u.n\.a.u Uj—‘)d‘ C_u.a.d ua.m.ijlll a_\\&\)” ul:: dainaiia 4\.1.:;).1 \
?JJ"\ A.ELA} ?"A'@"j U{BJ-“‘M u‘ﬂ.c C_AJ.L\ éu\_\ ;,u..zmﬂ @Jt&j\ 3 \
E}d\ LaCystovirus  pan  dbadll " amy cLytic enzymediss

g9 ¥ dald  caars Pseudomonas phage 6
. S5l 53224 pseudoalcalingenes
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:ESCHERICHIA COLI VIRUSES 4uslgall dvasll adilys Cilug pé —3

Lolaial duglaall dumall afha clugyd Jon Glal) cay
Lo ) cilegaldl) clgln ) Glad¥) calS il TS
ds- Uy lgd (g9l mesll T degena lgiag cLiglgl) Ll
T73 T6 9 T53 T43 T33 TZJ T1 dlc DNA
SSDNA L (595!l aasll (555 (P25 P1 5 $80 (slés
saaall OsSs fd 5 FLs GX-174 agalddl 3 dlulud) 3
MS2; 2 clegiladl 3 Al 2)ee SSRNA L) (5943l

i Glegild el aagll 13 Jganll =iags .QB
. Aniglgall duasll
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. Phage attaches ~ Occasionally, a prophage exits
to host cell and : the bacterial chromosome,
Tope ! injects DNA. initiating a lytic‘cycle.

&=

Many cell divisions

' produce a colony of |
Bacterial bacteria infected thi
chromosome prophage |

LYTIC CYCLE ( &:3)) LYSOGENIC CYCLE @
Cell lyses, Phage DNA Bacterium reproduces normally
releasing phages. circularizes copying the prophage and
transmitting it to daughter cells
OR
Prophage
ks Z 1)
New phage DNA and Phage DNA integrates into
proteins are synthesized the bacterial chromosome,
and assembled into phages. becoming a prophage.
LYTIC-INFECTION 4ulas) dlay) — o NON-LYTIC INFECTION = i) & Llay)— |

cilagilally Ly ¢ gl
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E. coli outer membrane
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E. COLI uslgall dpumall dpmal) b T4 agilell Cielimi (a)se

Step 6: Release Step 1: Attachment
The bacterial cell @ The phage attach to
lyses and releases £ @ specific receptors on
many infective phage. 1?“‘& = the cell wall of E. coli.

Step 2: Penetration

Following attachment, phage DNA
is injected into the bacterial cell,
leaving the phage coat outside.

R
'z,,@ / Bacterial DNA

Step 5: Assembly Step 3: Transcription

Phage components are Phage DNA is transcribed,
assembled into producing phage mRNA, which
mature virions. is translated to phage proteins.

Step 4: Replication of Phage
DNA and Synthesis of Proteins
Phage coat proteins, other protein
components, and DNA are produced
separately. Host DNA degraded.

N Phage-induced
proteins

Empty DNA inside
head head
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MYCOVIRUSES cilihadll il

:Barnaviridag aloas

.Mushroom bacilliform virus gl laig Barnavirus  wis

:Hypoviridae dluxs

.Cryphonectria hypovirus 1-EP713 g4l laaig Hypovirus uis

:Partitiviridae aluxé

Gaeumannomyces graminis virus  ggill laaig Partitivirus - wis
.019/6A
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.Rhizidiomyces virus gsill lasis Rhizidiovirus (s
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.Saccharomyces cerevisiae virus L-A sl LaigTotivirus  wis
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Lpatie g Eluad ) Lugial g ccnlpod ol 5 Lsbed g peally el iy (e suael llia

nm i (haaall) kil 9 el
25  Agaricus bisporus Agaricus bisporus virus 1
40-42 Aspergillus foetidus Aspergillus foetidus virus F
40  Allomyces arbuscula Allomyces arbuscula virus
30 Colletotrichum lindemuthianum Colletotrichum lindemuthianum virus
29  Gaeumannomyces graminis Gaeumannomyces graminis virus 45/101-C
48  Helminthosporium maydis Helminthosporium maydis virus
39 Lentinus edodes Lentinus edodes virus
32  Perconia circinata Periconia circinata virus

Alld) zgaia ASRNA ) (S55ill anally duguiall pue ciliyhadl) cilig b (yany
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S S ASPERGILLUS FLAVUS Jbi ;i;-;f'a

ﬁg\guu yhill Cilisg 8 alaiiod Lpaal L) Sla ¥ Ju

D3 Asperglllus flavus ).LNS uu).Ld\ ))-*-4\ (e
12 52 YES Ly e c\.c_J)J\ 2y NRRLS940 4Bl

L

NRRL5940 4w Asperglllus flavus _had daséia
Juyh33 QJEQHM&AMJM
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BIOLOGICAL CONTROL 4 gall asdlsall

alkally Llay) b e ) dnlall cliayeddl Hypovirulence degd (pagi dgan
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THE FIRST POSSIBLE USE OF BIOLOGICAL CONTROL

WAS SOMEWHAT ANCIENT AND MOST LIKELY

ACCIDENTAL

AZTEC AND MAYA CULTURES

e

JSWWA:

MESOAMERICA: PP. 110-114
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THE AZTEC PEOPLE WERE A
HUNTER-GATHERER ~ PEOPLE,
LATE COMERS TO THE REGION
IN CENTRAL MEXICO THAT
SERVED HOST TO OTHER
DEVELOPED  CIVILIZATIONS. -
ACCORDING TO LEGEND, THEY ¢ e % _
WOULD FIND THEIR NEW = *( S o
HOME WHERE AND EAGLE:; ;@4‘" ..f »
HOLDING A SNAKE WOULD BE " Ve
PERCHED ON A CACTUS ON AN ESsZ5 - %
ISLAND, THUS THEY SETTLED .ar"::i A7 S
IN AN MARSHY AREA NOW ‘&4 UV ©
KNOWN As MEXICO CITY, séf' . AR e
WHERE RUINS CAN BE FQUND. = <.

',\'. aats

L 4. ¥ u' .': ;“ ¢ ".; -""1“;
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CHINAMPAS — “FLOATING GARDENS” CONSTRUCTED OF
WATTLES OR REEDS TIED TOGETHER AND LAYERED WITH

MUD, LAKE SEDIMENT, AND AQUATIC WEEDS,

‘CHINAMPAS’ FLOATING
GARDENS IN MARSHES
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THE RICHNESS OF THE CHINAMPAS
ENCOURAGED ANTAGONISTIC ORGANISMS

20 Eventually the chinampas became anchored
by plant roots

0 Grew plants in seed beds and transplanted
to chinampas

2 Soll contained many different biological
control agents in equilibrium such as
Trichoderma, Pseudomonas, and
antagonistic Fusarium
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VILE CONCOCTIONS

o Nectria galligena — a fungus,
European Apple Canker

o Austen, 1657 - treat fresh
pruning wounds with cow
lung and urine to prevent
apple canker

Prof. Dr. Houda kawas

Wounds are prime
sites for infectious
agents such as fung;
and bacteria
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VILE CONCOCTIONS FOR TREE WOUNDS

o Forsyth, 1791 - fresh cow dung, lime, wood ashes,
and sand

- Le Barryais, 1785 - fresh mud

o Weidlich, 1979 — soil on Cryptonectria parasitica
(Chestnut Blight) cankers, Trichoderma sp.?

- MacDonald et al., 1979 - soil applied to American
chestnut caused Endothia parasitica cankers to
heal - Trichoderma sp.?

Prof. Dr. Houda kawas 10/29/2023
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WHAT 15 BIOLOGICAL CONTROL? <alail) (il digaal) da8lS4)
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Induced aaiwadl 4aslaadly Supperppressive soil s\l Lé_‘z.\j\ﬂj Hypovirulence 4ua .l
. resistance

Grall Ldly Ll 8 did gieall GWEKH () ABDall agd agall ey dae gt Ligal) Aa8lSa) ) s & >
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g yra e dn Y () Bad
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Sigiall cilaiiall lagaae iy Jeadl o8 Antagonists alaaill e Glall clie e ae ) ey >
Production of <ilalcas gl eanls Formulations aea ynokis lagase claiidl s3a g
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sl Control measures dasl<e calaubs Ligal) dadlall Integratlon Jalsillg action
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WHAT IS BIOLOGICAL CONTROL?

Pest suppression with biological
agents operating In a background of
Integrated control that does not
depend on  host  resistance,
sterilization of the target pathogen,
or modification of pest behavior



1S BIOLOGICAL CONTROL BIOTECHNOLOGY?

Biotechnology Is a set of tools that utilize living
things (and more recently, derivatives of living
things) to solve problems or to produce products.

Of course 1t 1s!
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BIOLOGICAL CONTROL INVOLVES

Destruction of the propagative
units or biomass of the
pathogen.

= Prevention of Inoculum

formation.

- Weakening or displacement of

the pathogen iIn infested
residue.

Reduction of wvigor or
virulence of the pathogen by
agents such as mycoviruses or
hypovirulence determinants.

Prof. Dr. Houda kawas
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WHERE DO YOU FIND BC AGENTS?

. Suppressive soils A dey 5 ) Aan\Sl) ol
- Old world candl) allal)
- New world cad) allel

- Plant pathogens Akl gl
. PRV

= By accident 1
Aol agall Ae

= On plan_t materials Fia el Jalgall e
- On “sick” pathogens ) ) dasyall
and pests *
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IT°S AMATTER OF SURVIVAL...

v Most of the antibiotics discovered since
Fleming’s discovery of penicillin are from
soll saprophytic microorganisms

v Meanwhile........

v Pythium debaryanum - pine seedling
damping-off, Hartley, 1921

v Streptomyces scabies — potato scab, grass
clippings reduced disease, Millard and
Taylor, 1927
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40 gal) 4adlK4)
BIOLOGICAL CONTROL

« Sanford and Broadfoot, 1931 -
first used “Biological Control” in
plant pathology

= 40 bacteria, 24 fungi

= Organisms or culture filtrates
In sterile soil

« Found organisms more
effective against
Gaeumannomyces graminis
var. tritici

Prof. Dr. Houda kawas

Suppressive  soils  are
locations or sites where a
disease decreases
gradually over time under
continuous cropping with
the same crop.
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SUPPRESSIVE SOILS ) sl de 5 jall o 5l

« Reinking and Manns, 1933

Central America soils

Fusarium oxysporum f. sp. cubense - Panama disease of banana
Pathogen isolated from sandy soil but not from clay soils
Sandy soil plantings last 10 years (conducive)

Clay soil planting last 20 years (suppressive)

HOW DO SUPPRESSIVE SOILS WORK?

« Gerlagh, 1968
« 4 successive crops in soil increased suppression of Gaeumannomyces
graminis var. tritici

Steaming destroys antagonists

R. James Cook, David Weller, Linda Thomashow
USDA/ARS, WSU
Pseudomonas fluorescens, P. aureofaciens
2-fluoroglucinol
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WHAT KINDS OF THINGS FUNCTION AS BIOLOGICAL CONTROL AGENTS?

«» Microorganisms
+ Bacteria

Macroorganisms

Insects
+»Fungi Man
<+ Nematodes Animals

< Viruses
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< Antibiosis — the BC agent

BIOLOGICAL CONTROL MECHANISMS

» Competition — the BC agent dale (oS Cus L) <
more efficiently  utilizes _ el s ‘UJ-‘*J‘ il
space and nutrients. A Ssally SIS alasnal
dALG Cqu c_u; alail) o
produces one or more bﬂﬁ\i{jffzj 1‘_2;?}&5‘
deleterious compounds. X \j i€l e il
«» Parasitism — the BC agent ;—\éjj ;:15 Cazgll axdin N
utilizes the target for food or
. el aymn dianall daglaadl «
for reproduction. 0 el Aigeal) Aal<dl
+ Induced resistance —the BC  |ilall ejuﬁ Ch‘*‘”j dle e
agent indirectly stimulates . A yaall
the plant to be resistant.
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HOW ARE BIOLOGICAL AGENTS APPLIED?

<+ lmportation 3 iy o
+ Augmentation s gl
Mass production and periodic release 3 )
g;zlforggstion) is the most common clacY LsJ'D LM\‘:‘
= Conservation of Aaaulall

Natural Enemies
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4 gall dadl<all Calaa|
7 BIOLOGICAL CONTROL TARGETS

+» Agents that cause plant disease
«» Agents that cause plant damage

PLANT DISEASES VS PLANT DAMAGE: WHAT’S THE DIFFERENCE?

> Plant disease Is the abnormal physiological response of the
plant to a chronic association with a primary causal agent.

> Plant damage is destruction of tissue due to an acute
assoclation with an agent.

+~\Weeds Any plant that is growing where it is not wanted.
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KENNETH BAKER AND R. JAMES COOK, THE NATURE AND PRACTICE
OF BIOLOGICAL CONTROL OF PLANT PATHOGENS

HOW DO WE CONTROL PLANT DISEASE?

0 Crop Rotation - lower inoculum density

2 Adding Amendments - antagonist stimulation
0 Alter pH

0 Tillage - modify soil structure or aeration

0 Planting date selection

0 Apply organic amendments

2 Irrigation practices

2 Trap plants

2 Adding antagonists

Prof. Dr. Houda kawas 10/29/2023



FUNGAL WEED KILLERS

x First pathogen isolated for weed control,
Colletotrichum gloeosporioides, 1971.
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B 8

s
| S

' ,I: . ;y‘-

8 ‘*' 2 f
i £ '
kg O '% e iﬁ :

ngler vine on a Cyprus tree.

Puccinia chondrillina - rust fungus The weed became a major pest of citrus
groves in Florida.
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CHESTNUT BLIGHT \ Y

Castanea dentata
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s Castanea dentata

= Highly popular tree in the Eastern US, 40% of
tree stands

= Chestnuts roasting on an open fire and turkey
dressing

= \Wood highly resistant to rot: fencing, posts,
building materials

= In 1904, first disease report near the Bronx Zoo

= In 50 years, reduced to a few trees
= Seven moth species became extinct
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= Cryphonectria (Endothia) parasitica
Enters wounds, grows in and under bark
Kills cambium in infected twigs, branches, and trunks
DOoes not enter crown
Reduced chestnut trees to a multiple stemmed shrub

= Asexual (pycnidium, pcyniospores) and sexual (perithecium,
ascospores) spores are produced
Dispersed by wind, rain, insects.
Tracked up to 30 miles

No resistance in American chestnu e
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THE PLANT QUARANTINE ACT OF 1912 WAS TOO LATE

= Most likely introduced from nursery stock of Japanese chestnut (Castanea
crenata) that was widely planted and grafted with other chestnut species (1876)

By 1889, nearly 10,000 Japanese chestnut trees were being imported
By 1904, found in the Bronx Zoo

By 1906, widespread

By 1908, out of control

= A low virulence isolate of C. parasitica found in Italy
by Biraghi in European chestnut in 1850

= Also found and described as hypovirulent by Grente
around 1965 and ascribed it to a transmissible
determinant

= Van Elfen, James and Day, 1975

Environment influences canker sizes with both hypovirulent and virulent strains
Demonstrated transmission with auxotrophic mutants
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1978-1983, DODDS, VAN ALFEN, DAY

= Hypovirulent strains of C. parasitica have
dsRNA while virulent strains do not

= Three classes based on fragment banding patterns
Type 11 American
'ype | and Il European

= Inoculation with hypovirulent strains successful
In Europe but not US

= Van Alfen, transmissible hypovirulence that may
be determined by one or more dsRNA pieces

Prof. Dr. Houda kawas 10/29/2023



GENETICS TO THE RESCUE

= \Vegetative compatibility
Anastomosis required for transfer of the virus
However, anastomosis requires compatible mating
type

= Chol and Nuss, 1992
Full length infection cDNA clone
Transgenic strains
100% efficiency of transfer
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“If you want milk with little blue dots,
you’ll have it, as long as you’re willing

to pay for it.” Richard Cotta, CEO of
California Dairies Inc.,
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Table 1. Types of interspecies antagonisms leading to biological control of plant pathogens.

Type Mechanism

Examples

Direct antagonism Hyperparasitism/predation

Lytic/some nonlytic mycoviruses
Ampelomyces quisqualis
Lysobacter enzymogenes
Pasteuria penetrans
Trichoderma virens

Mixed-path antagonism  Antibiotics

2,4-diacetylphloroglucinol
Phenazines
Cyeclic lipopeptides

Lytic enzymes

Chitinases
Glucanases
Proteases

Unregulated waste products

Ammonia
Carbon dioxide
Hydrogen cyanide

Physical/chemical interference

Blockage of soil pores
Germination signals consumption
Molecular cross-talk confused

Indirect antagonism Competition

Exudates/leachates consumption
Siderophore scavenging
Physical niche occupation

Induction of host resistance

Contact with fungal cell walls

Detection of pathogen-associated,
molecular patterns

Phytohormone-mediated induction
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Table 2. Some of antibiotics produced by BCAs

Antibiotic Source Target pathogen _ Disease Reference
2, 4-diacetyl- Pseudomonas Pythium spp. Damping off Shanahan et al.
phloroglucinol  fluorescens F113 (1992),
Agrocin 84 Agrobacterium Agrobacterium Crown gall Kerr (1980)
radiobacter tumefaciens
Bacillomycin D Bacillus subtilis Aspergillus flavus ~ Aflatoxin Moyne et al.
AU195 contamination  (2001)
Bacillomyecin, Bacillus Fusarium Wilt Koumoutsi et al.
fengycin amyloliquefaciens  oxysporum (2004)
FZB42
Xanthobacein A Lysobacter sp. Aphanomyces Damping off Islam et al.
strain SB-K88 cochlioides (2005)
Gliotoxin Trichoderma Rhizoctonia solani  Root rots Wilhite et al.
virens (2001)
Herbicolin Pantoea Erwinia amylovora  Fire blight Sandra et al.
agglomerans C9-1 (2001)
Tturin A B. subtilis QST713 Botrytis cinerea Damping off Paulitz and
and R. solani Belanger (2001),
Kloepper et al.
(2004)
Mycosubtilin B. subtilis Pythium Damping off Leclere et al.
BBG100 aphanidermatum (2005)
Phenazines P. fluorescens Gaeumannomyces  Take-all Thomashow et
2-79 and 30-84 graminis var. tritici al. (1990)
Pyoluteorin, P. fluorescens P{-5  Pythium ultimum Damping off Howell and
pyrroluitnn and R. solani Stipanovic
(1980)
Pyrrolnitrin, Burkholderia R. solani and Damping off Homma et al.
pseudane cepacia Pyricularia oryzae  and rice blast (1989)
Zwittermicin A Bacillus cereuis Phytophthora Damping off Smith et al.
UWwWS85s medicaginis and (1993)

P. aphanidermatum
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Table 2. Some of antibiotics produced by BCAs

Antibiotic

Source

Target pathogen

Disease

Reference

2, 4-diacetyl-
phloroglucinol

Agrocin 84

Bacillomycin D

Bacillomycin,
fengycin

Xanthobaccin A

Gliotoxin
Herbicolin

Tturin A

Mycosubtilin
Phenazines

Pyoluteorin,
pyrrolnitrin

Pyrrolnitrin,
pseudane

Zwwittermicin A

Pseudormonas
STuorescenns F113

Agrobacteritr
radiobacter

Bacillus subtilis
AU195

Bacillus
amyiloliguefaciens
FZB42

Lysobacter sp.
strain SB-K88

Trichoderma
viremns

Panroea
agglomerans C9-1

B. subtilis QSTT713

B. subtilis
BBG100

P. fluorescens
2-79 and 30-84

P. fluorescens Pf-5

Burkholderia
cepcacia

Bacillus cereus
UWRSS

Pythium spp.

Agrobacteriumn
tumefaciens

Aspergillis flavis

Fusaritm
OXVSPOFUITE

Aphanomyces
cochlioides

Rhizoctonia solari
Erwinia amyliovora

Botrytis cinerea
and R. solarni

Pythizern
apharnidermatimn
Gaeumannomyces
Eraminis var. (vifici
Pythivrn wltirnum
and R. solani

R. solani and
Pyricularia orvzae
Phytophthora
medicaginis and
P. aphaniderrmatim

Damping off
Crown gall
Aflatoxin
contamination
Wilt
Damping off
Root rots

Fire blight

Damping off

Damping off
Take-all

Damping off

Damping off
and rice blast

Damping off

Shanahan et al.
(1992),

Kerr (1980)

Moyne et al.
(2001)

Koumoutsi et al.

(2004)

Islam et al.
(2005)

Wilhite et al.
(2001)

Sandra et al.
(2001)

Paulitz and
Belanger (2001),
Kloepper et al.
(2004)

Leclere et al.
(2005)

Thomashow et
al. (1990)
Howell and
Stipanovic
(1980)
Homma et al.
(1989)

Smith et al.
(1993)
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Table 1 Examples of plant growth stimulating phytohormones produced by PGPR

Phytohormones

PGPR

References

Gibherzllin

IAA

Cytokinin

ACC deaminase

Acetobacter diazotropicus
Herbospirillum seropedicae
Bacillus lichenifirmis
Bacillus pumilus

Bacillus cerens MI-1
Bacillus macroides C1-29
Bacillus pumilus CI-69
Agrobacterium sp.
Alcaligenes piechaudii
Comamaonas acidovorans
Azospirillum brasilense
Aeromonas veronii
Enterobacter cloacae
Enterobacter sp.
Comamaonas acidovorans RC41
Paernibacillus polymyxa RCDS
Bacillus RC23

Bacillus simplex RC19
Bacillus RCO3

Bacillus megaterium BT
Paenibacillus polvmyxa
Paeudomonas fuorescens

Pzeudomonas putida

Pseudomonas cepacia

Enterobacter cloacae
FPaeudomonas brassicacearum Am3
Variovorax paradoxus 5C-2
Pzeudomeonas putida Biovar B
FPaeudomonas putida N2 1
Pzeudomonas aeruginosa Ni9
Serratia proteamaculans M35

Bastian et al. (1998)

Gutierrez-Manero et al. (2001)

Joo et al. (200d)

Barazani and Friedman ( 1999)

Kaushik et al. (20000

Mehnaz et al. (2001)
Mirza et al. (2001)

Erturk et al. (2008)

Timmusk et al. { 1999)
de Salamone et al. (2001)
Bent et al. (2001)

Mayak et al. (1999)
Cattelan et al. (1999)
Saleh and Glick (2001)
Belimov et al. (2007)
Belimov et al. (2009)
Rodriguez et al. (2008)

Zahir et al. (2009)
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Table 2 Examples of suppression of bacterial diseases by PGPR in different plant species

Phytopathogens Species PGPR References
Paeudomonas Cucumber Pseudomonas putida 8B9B-27 Liu et al. (1995)
syringae pv. Serratia marcescens 9166
lachrymans
Pzendomonas Soy bean  Psendomonas sp. May et al. (1996)
Syringae pv. Erwinia herbicola
glwinea
Xanthomonas Sugar cane Pentoena dispersa Zhang and Birch
albilineans (1997)
Erwinia amylovora  Apple Erwinia herbicola ©9- Pusey (1997)
Freudomonas fluprescens ASDH
Single-strain treatments and three-way  Raupach and
mixture of Bacillus pumilus INRT, Kloepper (1998,
Curtobacterinm flaccumjaciens 2000
ME1 and Bacillus subrilis GBO3
Ralstonia Tomato Bacillus subtilis B2G Lemessa and Zeller
solanacearim (2007T)
Pzeudomonas sp. (APF1)
Acinerobacter sp. (Xa6) Kue et al. (2009)
Enterohacter sp. (Xv3)
Clavibacter Azospirillum brasilense Sp7 Romero et al.
michiganensis (2003)
subsp.
michiganensis
Xanthomonas zaospirillum sp. (BNM-65)
campestris pv.
vesicatoria
Ralstonia Eucalyptus Pseudomonas fluorescens WCS417r Ran et al. (2005)
solanacearum FPseudomonas putida WCS358r
Potato Bacillus subrilis PFMRI Alive et al. (2008}
Paernibacillus macerans BS-DFS and
PF9
Xanrhomonas Cotton Bacillus cerens MT5-5, MT5-6, L2-1 Ishida et al. (2008)
axonopodis pv. Achromebacter xylpsoxidans 1L.2-2,
malvacearum Brevibacterium sp. MT5-11




Table 3 Examples of suppression of fungal discases by PGPE. in different plant species

Phytopathogens Species PGPR References
Rhizoctonia solani Cwclamen  Serratia marcescens B2 Someva et al.
scleroria (20000
Fuzarium oxysporum . sp.
cyclaminis
Fusarium axysporinm Soybean Pseudomonas PMZ2 Zaidi (2003)
Bradvrhizobium japonicum
Sclerospora graminicola  Pearl millet  Bacillus pumilus INRT and SE34  Raj et al. (2003b)

Cronartium qguercuum f.sp. Loblolly
Jusiforme pine
Eucalyptus

Puccinia psidii

Didvmella brvoniae

FPythivm wltimum, Pythinm  Sesame
(in vitro)

debaryanum,
Rhizoctonia solani,
Fusarium oxysporum,
Phytophthora capsici,
Botmrytis cinerea,
Bomytis allii,
Cladosporium fulvim,
Aspergillus sp.

Exabasidium vexans Tea

Fusarium spp.
Didvmella brvoniae
Myrothecium spp.

Fuzarium oxysporum f. sp. Tomato

lycopersici
FPhytopthora capsici
FPhytopthora capsici

lycapersici

Rhiizoctonia solani Wheat

Muskmelon

Watermelon

Eed pepper
Chili pepper
Fuzarium oxysporum L sp. Tomato

Bacillus subrilis GBO3

FPrendomaonas fluorescens UOM
SAR 14

Bacillus pumilus SE34 and T4

Preudomonas aeruginosa FL2
FPaeudomonas sp. MF4
Pseudomonas fluorescens

FPaenibacillus polvmyxa EGR]

Psendomonas fluorescens PE1

Bacillus subtilis GBO-3 and
Brevibacillus breviz IPC-11
Bacillus pumilus SE34 and T4
Paenibacillus lentimorbus
GBR 158
Bacillus subrilis B33 and E13
Faenibacillus polymyxa GBR-462
Azospirillum brasilense
Bacillus subiilis

zotobacter sp. WPR-51

Raj et al. (2004}

Enehak and
Carey (2004)

Teixeira et al.
(20057

Sudisha et al.
(2006)

Eyu et al. (2006)

Saravanakumar
et al. (2007)

Lokesh et al.
(2007

Son et al. (2008)

Lee etal. (2008b)

Kim et al. (2009}

Abo-Elyousr and
Mohamed
(2009)

Fatima et al.
(2000




Tahle 4 Reported PGPE. show antagonistic effects against nematodes

Mematodes Species PGPR References
Meloidogyne Lettuce and  Psendomonas sp. W34 Hoffmann-Hergarten
incoghita tomato Bacillus cereus 518 et al. (1998}
Gilobodera Potato Agrobacterium radiobacter G12A Hackenberg et al. (1999
pallida Rhizobiwm edi G112 Reitz et al. (2000)
Meloidaogyne Tomato and  Bacillus cereus, B. subtilis, Jonathan et al. (20000)
incoghita banana FPaeudomonas flucrescens,
Psendomonas chlororaphis
Buriholderia cepacia
Bell pepper  Burkholderia cepacia Be-2 Meveret al. (2001)
Burkholderia cepacia Be-F
Meloidogyne Tomato Psendomonas aeruginesa [E-65(4+)  Siddiqui and Shaukat
Javanica Psendomonas fluorescens CHAD (2002)
Siddiqui and Shaukat
(2003)
Pseudomonas aeruginosa strain Siddiqui and Shaukat
TNSK2 ([ 2004)
Pseudomonas fluorescens CHAD
Globodera Potato Psendomonas orvzihabitans Andreoglou et al. (2003
rostochiensis
Meloidogyne Lentil FPareudomonas putida, Siddiqui et al. (2007)
Javanica F. alcaligenes, Paenibacillus
polvmyxa, Bacillus pumilus
Meloidogyne Tomato and  Prendomonas fuorescens CHAD Siddiqui et al. (2005)
incoghita sy bean
Tomato Rhizobiwm edi G12 Reimann et al. (2008)
Bacillus amyloliquefaciens FZB42  Buwkett-Cadena et al.
(2008)
Chickpea Psendomonas alcaligenes Akhtar and Siddigui
Bacillus pumilus (2008)
Meloidogyne Chickpea Pseudomonas putida 3604 Siddigui and Akhtar
Javanica Psendomonas alcaligenes 493 (2009 a)
Meloidogyne Tomato Bacillus subtilis, Paenibacillus Siddigui and Akhtar
incognita polymyxa (2009}
Burkholderia cepacia
Chickpea Pseudomonas putida Alkhtar and Siddigui

Pseudomonas alcaligenes

(2009)
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Cagilall ()9 e 51 el g5 lltg sane Jaamlae i agilanll uloyhadll il 1) udly cigumall dgall e
g5 Abasaiall lagilanlly =ailly Heterodera schachtii gsi saigdll (& dlagaiall lagilasl) A8l L5l 4 aadal
Ll ) Jaall e ae Lanbeal) 2Bl am Ul (ge dadaie (3ol pe e slewd) dila) S (H. avenae
cuy sl IsothiocyanatescSleall 3sagl @lly 35a15 <G, rostochiensis Ualladl & dliagaiall lagilas dadl<dl
Cylindrocarpon destructans s Verticillium chlamydosporium Jie cibhi glsil sae i LS . Jyal)
oké Jias (H. avenaey Heterodera schachtii lagles & (=l e Acremonium  strictus s
25 Lae Globodera rostochiensis lagilas (4 Gaull paS 3 idng <Blassall 1) Phialophora heterodera
sl S5 Meloidogyne spp. 1asbes! &y ls pand) e &k el ubial s3e Jalatiy «mnl) dugem i Y
bty Hhadll loa 3545 Cua Paecilomyces lilacinus s Dactylella oviparasiticus Ji G. pallid 1agiles b
iag H. avenae lagilas an JAe Nematophora gynophila  hé Jakaig cawllly 8€ll cp laadl (gg3as
Wi a9y oS0y Al & Audliall L Jagilesl] il sa ol Lagasy Aasdall 3 lagiledl) S5 (e 2ay JalaS
a5 LS . (Kerry,1980;1981) (sasilasll adinall L (e 23 43 Auliall (o iy Lppliall bkl Jie Jralas
D.cinophaga s Dactylella lobata s Arthrobotrys oligospora Jis 4aa3) xileaadl jsa <l yladl) &‘Jj LAy
waad) ) il My g @) 2 lagilegl) e Jalan 8 Gilha (S lagileall bl cua D.ellipsospora
Sy o) LY g ysdall S lagilas e Bacillus penetrans die hasilasl) e Jalas  LysSll lsil e



stal) B agiles ) e Lslall Byonll sdad slsgll 8 el wiy z Y 5ol s AsdlSdl #las ) (s
L5 38/l 00 Joney Jaxiads 535 IS5 e (lasy B, penetrans Jakid) e 4glally Meloidogyne spp.
(6-J523) Lgaadl Clanal (e 2aed) Sllag (Brown, et al., 1985)

agiladl) g lgil (an dadl<e b Aidaal) duhadl) dygaal) (ans Slanall 6.0 92>

Adagiieall 1agilanil] JUSa [ deal) Ghdl) (Goall al)
Meloidogyne spp. 2.5 Arthrobotrys irregularis
Rotylenchulus similis 1.4 A. musiformis
A. robusta
Heterodera avenae 2.5 Datctylaria candida

Trichothecium cytosporium
A. dactyloides

M. i i 2 Y
e 0 Dactylella ellipospora

H. schachtii ;
. D. thaumasia

Globodera rostochiensis 13.6 N .'
D. doedycoides

H. avenae

Ditylenchus myceliophaga 2./¢ 140 A. robusta

M. incognita 22/£ 140 A. irregularis

.(Dasgupta,1998) rall*

o b Cise A ae sole Ll 3 dadally ol A yedll Jalgall Ligaall ehac¥) e Jilgd) 22ad) 120 G5
ol Gl Glinybe vie iy Sy e Jaeas oSy saad) elae¥) Qe 8 i dayedll Jalgad) Clading Jlac
Ciladine ALS (i Cargs Loabaws iy ilSia Bac aa Ledalig L0l L Lgudaty Dogual) elacY) Ll Gy sae
g Seall Ligaall ALK 8 (gond) il 8aL) ) Lgalans Caang il 8 Aiapeal) Jalsal

b Bagngall AL LIl Ll Alsanal) dimpadd) dalsall dlaid T ey Allad AaplaS Ciglall Galay
Sge)3l Gllead) & Casshailly joenll 8 elly S5 a8 dnlall Ligd)

S olee e ol I8 e alill Aausy Gl U5 pie ol diayaall Jalgall Buajdl) cilaasgl) o olill (36$
G5 38 Aflegl) ela) S Al 8 dslal) L) 8 A pedl) Jalgall # L) (K85 aieg cbill Gialyel (ge maell Jls
pda X ghidly cdayedll Jalgal) o sl B pgasill i gu il 8 adlis dls a8l 3 ocddels i
Chaninne B (o Loyhadll A paall Lalgall e (2 Grand) gy (g Jagilagill LY e of 2l o W) aie (1 gl
Aelyy (4 ¢lal S of Al USi8 pie (K Cam (grumdll goanall o oliaill el panin (3 Aol Llad) e
Al b as g Gl (< i Lgal) S Al sasad) Jualadl

U S Gagaall Z Gl <8 ey clall sl e 53sasall iajaall Qolgall dgaall AailSall cinni LS

o Verticillium s Tilletiopsis_s Cladosporium s Ampelomyces <l yladll 5 g Taalls (dall bl



Jaks a5 Hyperparasites Jalall LS adall bl jhad e olaadll & Thrips tabaci gusl spis cyial)
(Falk, et al.,1995;1996) Liwi o<l £1o:¥) J<is (s WS laall jadiy oa)lall psabindl) e

dapd de GOSNV gl aall Ahall dalledl ol aueial) dandss Lyl dalgalls s5asall L3l dallase (Sas
doaes dlanlys o) dalind ) ddlaS cOlabaall () aibailly Jdisall dsagym dallaall IS cdids 30 55 260 Ba
Agean) dald AEA aan) Ailialy 28N clal) Aaclsy dgaall gyl

lyhdl Gabel Y% on Hypovirulent dsubll & degdll 5 dahall daidie VD glay
oo OSRNA dladadl Cielias Ly (gosill (manll €T ol aalsy (gs0e a5ag (gt (Ellison,1982; Sneh,1998)
Ciang g dadaley) b ) (355 dapdl) ADLA) bl de gl Jaji DLl ld Hladl) Liaa 6 (i eal) Jalal
Costanho and ) Rhizoctonia solani ki Jie clyhill glsil (e wasll <t dSRNA dyhill by il
Y o ) S ey @iy ¢(2007¢2ens alsf) Cryphonectria parasitica ,ké i (Butler,1978
e Loaal) ik ol sy b olaee o Cagpaall (a0 (5sbinal (o lld g dugll b B jac gl degill La i
AaalS s YAl (s A

35 Aspergillus flavus ki€ cilbyladll )l (e aall 6 cililadl) il yi aladin) sl ) cilasy) @)lal
lags 12 820 YES dans e de)y3l 20 NRRL5940 Dl Hlaill dasiia (para 1iagili 33 Layhad Cilasun Cadag
capadl kil jax N Gaeumannomyces graminis var. tritici jhad & bkl Sl by (5922]) el a8,
Karnal bunt sl jlé & cilagyill eda Caang WS daphll (4 daild Gug il bl Llaly Ll
Helminthosporium victoriae Jie cbyhdll cilug yé Ll ) il WS «(Buck,1984; Buck, et al.,1981)
Penicillium (.5 45 (PbV) Penicillium brevicompactum virus _wsxés (HVV-145S) virus 145S

LSl Glagile 5 Lol cilugyd e aall Hlgdl el ) X (Pe-fV) cyaneo-fulvum virus
g5t OYSw dald Cuuang «Pseudomonas phage f6 ¢ oill Jie dgal) Al palic (Y (Bacteriophage)
-(2007¢=lsis a) P. pseudoalcalingenes
:Biological protection of plant surfaces 4sbill zghull 4iguald) 4384l @

ey A Bal) (8 e g LSy bl JUa] s bl bl 8 dgual) 281K clilas) aal s )
03¢ dules (paliy alls (gganll Alsinall adlsall Jgn o (b abmill Qs by ansill agh sl 8 -l Ui
Gl dsanl) A<l L dlee il ) oladV1 138 8 Jaal) (505 cdimpad) Jalgall (pa Y iland (s p3lsal
i dsas Gads bl jealics bl Biladl G Dl dels @lld Cllayy Y gyl jailly 4deall el

pellyy alpeY) e daully Slal) Jilal) mdace e sl



ol JieS Ly S5 Al (pall (iayal ganll An8IS) () o3 B dardiocall Aalal) sfgall LGy (1
Jaswall cpally Agrobacterium radiobacter pv. Tumefaciens LyiS (o yall cassg - (olaill giddl e
@35 Y oSy AT CYL b Bagage ClaaPllly € 1a Pl Gain dgnge LES) b pull gl ayll Glaa] e
zwl @lyse 2Dl Jesy (K84) A. radiobacter pv. radiobacter die ¥l ey eyl Eigas )
sda a8y (LSl (e Auyd YO Bae e cliadl <t Jdll (Agricin84) Bacteriocin (s sSill
Gl sied) e csalal) Lall dgiy L)y Aaeal) (K1026) Dl s jlag 40 dudigh alasiuly 2D
Jsadll dlalae (3 (K84) (g i) daiia ADlu cweadialy -(Kerr,1972;1980;1989; Thomson;1987)
alie (& g o g - 0%4 Blha daps die Alish 55l dils 5390 IS e 385 O (Sag cJiall g 50l
Laballyl Lalpaally Dosepall Aigall clibiadl zUY ALE clal pabeY Lsall dadlKdl § sl
alasiudy Lgaal) bl awlsy Lebaes 2ty of cpallad) AT (Kag o Jilall ol Hodall mhacs jesial Agressivness
L)yl dnigl)
bl L) sVl sllsaldlly eV3llly LusSl od Alelas Jio ¢ sl Alebas Zsganl) Andl€all Caoriid LS
Hubbard, et) Lv_)d.a dstia doyhad Ualyls Pseudomonas Lo e LB Chaetomium globosum
cblall 44, ) coly Pseudomonas cepacia LyiSs (e ddeas Dl duad) jsd calage LS «(al., 1982
Db e e Lyl sdnid) b€l e aaall dliag (Fusarium oxysporum f. sp. cepae Jsdll (e o
Pseudomona 5 Bacillus subtilis LiS Al allall Jgo ol (8 4GS caeadiudy Trichderma
5aL3) Laysht g Gadaill (3ylag clpanall IS8 D) e Aylaill elan) (e 2all Lels <&l fluorescens
LSl alasiuls alaaa¥) uli a9 clgloht Byl awaly Ojaally Jaadl (8 Lgigan 3738 Ay Lgijan Lelata 430l<)
L daid Gy Aol 3 Asanall ) (e Ligaal) A8 5 jeaie€ (g)3al) Jumal) i jodall dllae b
Y Sy il daglaally yguall claliaal) 7y ol2ally G o Gl e aled) alies (e Bl a5
5aLy (M g galasind oY ellly bl dba] dlia (5 ol s Lgaladiuls (oags eclill g (2 as Lgalana
cueug -(Schippers, et al.,1987;Sticher, et al.,1997; Van Loon, et al., 1998 ; Weller,1988) » Y|
(PGPR) Plant growth promoting rhizobacteria clull seil Zcajyaall (55300 Jaaall Ly LSl el
Jalsall alana (udls ellily dadyis ol jeda Hlasiul 46 o) Al Lys<d) e Rhizobacteria glhas Jas s
el e ST sas Ligin Aa8lSa ) (a5 bl (s (53l Tamal) Lo dsag of (M el LS cdiasaal
Aadiel N sl a4 ((Jubina and Girija,1998) Pseudomona fluorescens Lyi<is Trichderma ki

s 4ledl P, alcaligenes s Pseudomona putida s Pseudomona fluorescens (s)ia) dasall Lyl



Xanthomonas axonopodis pv. cajl Lgall dadl€all Lady chaldl gaiy clay) Guesdl il
.(Mondal,et al.,1999) Ljlgall daslaall (asynty ¢y uing malvacearum

b Alsel) elal) Ay Uganall Zimyadll dalgall 3sms Cagpeall G 15Ty Gkl goanall Ll (2
i ey clilly dmpanl) gy dmpanl) dalsall (e AG lling Alil) oha¥) mhave o sLal) 853 dale 2l
waadl ) sl By cdiapaall Jalgad) aa A2l elall G bl g Ao Sl ) 538 8 J5Y) gl
e Al Aaall) (nye 05 Gus bl el e A28 clal) dsag lede Ll ) bl byl e
gast @llyg A5kl ~shadl o 32820 clall £55 gas duatiie Luwsy Erwinia amylovora galaYls o\l
LS Gl (i sl dadlSe #las Sy cliniaa) doslially Jakaill Lajiy dagead) cilaliaally (gedlil)
Thomson, et) Streptomycin Jie digall clalaadl (5) dadi ae lae Pseudomona fluorescens
Gliocladium ki asa s Botrytis cinerea 5l e ol paad) (aye i) duws cucaisssl WS ¢(al., 1992
idlad Y1999 ole i Tripathi s Agarwal JLals «(Sutton, et al., 1997) %90 Ay slaill dais roseum
e AadlK) ciaas X Trichoderma viride hd ¢l Glea iy pasall Jseane o golo)l (ol dn8Sa
- Ronilan @lylill s (10 %0.2 ae yhadl)

Ol ) a5 ) dayadll Jalsall Ao eliaidl) ciglae alane culS tabuaal) s Ll jgadi aia (3
SN 25 5 oSl sl 65 o oSad) e s Al Aleladlly AL Ssal) Alalsy Slanl) e L
Baad) el g 58 agiall b aliaall sy Gl digeal) An8Salls alaal) oy Sy Ll (3a5 B (ymis
Glaaeall 3 dhdll ) aladiud e i€ (ghadlly (il sbaail) aladin) Lals g ad) cY G
phaialy Al paall (e da8K) Bacillus subtilis alaaiul Jie cllyg 581l Galally @hally # Ul
i iy dayen alse ydal Ligual) 081K (Sasg (RNIZODUS g 3y ie s34l Enterobacter cloacae
«(Singh and Deverall,1984) dsall cilaliad) &) ddaulss Bacillus subtilis LyiS laa clcasall L
3 QS (Penicillium spp. @lcasall L e i8S Vi oS Trichoderma viride ki guls o) WS
el e %80 Ao oladll ) Pseudomonas cepacia LS (slea sbasdl aey geadll JLE e
oalayls 7l L Alabee cadf WS e Ll e B (el 6l sels (59 Penicillium digitatum easd)
LS Alelaall cafy cala )l Gl Giapag 3y ) Gl piage e slmdll ) Pseudomonas cepacia LS
Janisiewicz and Roitman, 1988;) il ol L&l Jlas =i ) Sporobolomyces roseus

-(Janisiewicz, et al.,1994
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Liaeaal) Lojlgal) daslaall sl Ainiusall daglally Cross protection ddlaiall Lilesl) Jie cilallacas sae a0

(SAR) Systemic acquires resistence 4jleal) Ll dagladly (ISR) Induced systemic resistence
LAl Pla clall cagyla 4820 g (LAR) Localized acquired resistence i gell 4ol daslaally
Ljles Lagladl (458 ((KUC,1981;1985;1995) daglaall bl Az jmal) cilalgal) of ALl ddl<al) 5 digal)
laaiigs Al 8)adll 3l )Ly Cae L Allal) sda 85 (LAR) dlalaall aiga b duinse 25 5l (SAR) clal) &
JaSin o il daslad) o) L(LiU, et al., 1995;Van Loon, et al., 1998; Wei, et al., 1996) lall
e sl dupd e JIKE o lad ddadlsy ledaiat (Say 2 A0lS Laglie @l Juadi & i Basage OS5 Al daglial
(rauca dusyd duayan Jalse ddaulgrg cduzapaadll Jalgall (e ddblgiadl e YL Jie cdiayaall Jalgadl (4o dinyee
O (Kag @il nall LyaSll Blailly saills ans Jalugl ol & Cagyla A Basage ) 05S5 Cus gyl
SLSHally COMPOSt CacgrasSll i dsguanll saacd 4l clialitos dila) Jie Loyls lindas daulsy (sl
Ll Pel¥l e wall B Esedl desliadl CVls e wel) Glan 8y digiaall ey Digianll dihes
Laall LSy dlaudsy Eiatieall dojlgall doglaal e dlla 6l Jaws ol (SIs ((Hammerschimdt and Kuc. 1995)
Lyladll dmpeall dalgall (10 pudly il olas Quantitative 4ueS dles SAR dagliall (ragig cdalall Clamg & 5)3])
LS (e 89B-27 aDlus dlaudyy daslaal) Hlall ol 3 cliniad lagilailly clpiall Loaje s daug yudlly 40,5800
s by @i Jgadlly asnfsdll Jsadlly (5K (3)9Y) &l (ayay 55:SI5Y) s olas PSeudomonas putida
Diabrotica undecimpunctata ikaidl jLall elusid 5y3a9 (CMV) Cucumber mosaic virus Hball elulyse
Slesll Jsdll (e olad Serratia marcescens ¢« 99-166 aDlul dawls LAl o dagliall chan) LS
Colletotrichum orbiculare ki cuwdl 395N =y Fusarium oxysporum f.sp. cucumerinum
Pseudomonas syringae pv. LS cameall HLall 3hsY ol gzl Gars (CMV) Sladl clulise (g s
Diabrotica dkawll HLall clwady Acalymma vittatum dhbadl jlall clwad 8das Lachrymans
Ll Sy cluall 4 uasill dglie dayhs daslaall st -(Van Loon, et al.,1998) undecimpunctata
Aaslaal) 3 o Alleaiall djlead) 85 L padd) Jalsell coplad ) Balimall alesa¥) 2 ) ) byl (ppemat 35 L Adlis
gyl oS5 N gap o) bl o cllled) o SST ol aaly e daslia) et SAR Djleall Luasdl)
sl ef)j Llis e Lignin cealll (oS dasiing (PR) Pathgenesis related proteins ducal YL dda yll
LS (e degiia dlael ) il (et degdall b culal) (DMl 3 35 e b ) Lage peroxidase
alse sae olad ISR 5 SAR dagliall (anad (Sasy ¢dylial) dgdall Sl culal) daglia sk seasss o285 4381)

by e gl (g Gininne Jale anlss Baley L yan



Gl 4 aa <& Cross protection ddlaid) &leal)l of Cross immunity ddlaid) deliall ciye
Bl N Gl (e Adrime o) Aepd e A J5d viad L Aatiall AnBISA) ulas ians (e Baaly (A9l il
Aol Jilse e sl Gugull VLA (Sary sk Guguill Aoy YL alad Jilall 8 daslial) s o S
sl S Slacayill anly caane Jilal L jen e Lgasds Lagliall Finionn DL L aane Jilad daglie iyt o) dibida
Gopall idigall Calanall (s A il Lbiaal) )l A8e 5 Aalleaiall Llaal) AN ClasDL e duisally @l
comg ol Cae L ey by (B Gugull iy ) Calanal) £33 aiar JoY)

Citrus tristesa Virus clucaesl) i (g pi sl ilacaeall joad (g olad ddlaiall dileal) sale Jasifig
AndlSe Londl i) aung (Saly Stem pitting Gladl s (e dlaall o sl Gaelal) Qi) s ol e (CTV)
Gonsalves and ) GA) dug i Ll Bac b il Gl ((Costa and Muller,1980) 4akll o3¢y ()l
(CTV) clacasall i 5 gyl dbacae iDLl (e dadlaiall dylaall ol 234 ((Gransey,1989; Dunez, 1987
Al Adamall danag yull) ADL (585 O iy - digl) (8 g ill eyl YD e Bl ) Gaalall padl) e
8 olad Adleaiall dylaall ~las Y il 85 . (Powell et al.,1992;1997) ciliasal) Calicals glsil 48lS i
Cucumber mosaic virus _Lall clulise (agd auli daulss daseal) (gg0al) Gk e Ualladl 3 Lljaall 4350
.satellite

Ralstonia cuswall (©aS0 Jsodll ape slad diatall deglaall o ddlaiall Lleaad) Flas A al WS
3l g S e Ayl g Aiayen e CiYjas Alssall (goaall daulgs sl Jilse ¢lesl s2e 8 Solanacearum
Chen and Echand,1984i; McLaughlin and ) Wiall Jsa Lihs dlelas gl Lyl e ddblgie e oYL
bl e gal Gyh dauls g (sl 7€ Ol Bhall LyaKll (e dauls WIS 6 d4ld, . (Secueira, 1988
Dl ol dain Moko disease sSse (army @i Joadll Gy Go el clils &5y Nl
Anuratha ) be s LS z Y1 awad s @l Cige dus i ) sols Pseudomonas fluorescens i<
-(and Gnanamanickam,1990

LLa) e Al -l (e Lyhadl) (alyeY) olad Finicnal) daglaall of ddliaiall dplaadl o AEGY) (e 22all Gllia
sl (55221l cllyy Gaeumannomyces graminis tritici hé vl Take-all qeall MU el (o e
Gl Jaid Alalas Sy clieY) jeda e Jaly 53 Phialophora graminicola i (e duyé je <¥ia
Cuaal Jodll e Gigas e lexeas Verticillium nigrescens jhad <Dl didall e Gmess Jd g Ladll
Jorge, et) syl daslae (e 3 Verticillium hds Fusarium ha geaell <55 Verticillium dahliae
dauls Fusarium oxysporum f.sp. lycopersici cusall Jsadll (i el 8y9a0) il daglia canas W ¢(al., 1992

Gigaa N dls o(Fuchs, et al.,1997) Fusarium oxysporum ki o (FO-47) dcajee s ADla (gooe



Gl 2 lels 7 DS SAR doglee caam Gua LAl & oS0Vl Jadl bl dglae Leslie
Lwglly AyaSilly Aphadll @bVl e € 2e olad ellyy Colletotrichum orbiculare  hbi
Luyd y ) dbaae <Y (gsaal) cal QU ((Hammerschmidt and Kuc,1995;Schneider, et al.,1996)
asulisd Jod (e Llay) (e phill @ls Ll J) Fusarium oxysporum f.sp. vasinfectum hé (1
sacs Fusarium oxysporum f.sp. ciceris hé c¥ie sac aeall Jod (sl aje 35 ¢(Hillock,1986)
Db Cunall jaa¥) gdad) Jsid aye 89 - (Hervas, et al.,1995) c¥ial) L 4l dasy Gyt Aljay 5l
.(Martyn, et al.,1991) clall daglan ) dupd ye ADlw (gyaall <l Fusarium oxysporum f.sp. niveum
ety Akl e Agdall B (Sas Aayadd) alsall (g A EDle 3 Eiaeall dasliall dRlad) AV 8
L) 8 sl g3 e By i el o Gabl n ST ol anls) Bl gl G Gl ey
gl Shaliadl) g lly Gl QIS (Hsadly Hsiall HLEN (3)0Y) Sl plad) b mpal) aidd jilaslls LyaSdls
zageal) Jalsall Jlag

slad Caeadiind Ll LS Fiacieal) dagladll & 41l Pseudomonas dalas il sl Ly aladiul ()
Aashaal) (53l Janall L€l i) s s WS cdaguall labiaall 3] 85 (5padll £ panall o diajadd) Jalgal
A oadl olat Bae il (g ce@lally Gl o daglie Cantens jedall mhan o gl Ll bl sl e
a5 o oSa (PGPR) plant growth- promoting rhizobacteria <lall seil dajaall (550l Jaaall Ly o
Slise ey olad SN 3 LS Gabel (6 seta canal) Gsn Liasaall dalsall (po apaell alas lall g Alen
Crnal) Adlgl dnall) (apal el galdl] daglie SIS (AT alyaly Z U ie cues S Pythium sl glsify ,Lal)
Raupach, ) Pseudomonas (53l dasall LS5 danlss Peudomonas savastonoi pv. Phaseolicola Lyss
olad ellgaldll 8 Liaiiadll djlgall daglaall s M85 (et al.,1994; Schippers,1988;Van Loon, et al., 1998
De ) Pseudomonas aerugenosa i< (e 7TNSK2 Al dalaall 2ais Botrytis cinerea salo)ll oaall i
s bl b dagliall cillygal myaaS Salicylic acid wilaiall Gaes i WS ((Meyer and Hofte,1997
cCilatall Gaes (@l lasal) LS i WS cdica el dalsad) ae gaaall 25 Ladie dads ol L) eacy

rAdnd) Jadady ol alatl) JUaab bl Gl aaY dugad) dadlSal) oo LAY (e - &

&t hlie sz & Walladl Cuay :Streptomyces scabies cuuwal) Ualal) ‘,a gladl coall pax -1
Ll Al et (g el L) dacs 235 aalsll Jyeanall del)) pay (Jtaall L) il dals Al
Bacillus subtilis LS dalialy (55l sbiail) aasiing ecliall (<8 A Adiall dacd) (gginas dull dushy duaiy
Green  ehuadll saeny) dila) ddlal) Lyl Juadi ) Streptomyces dcayeall LydSill adaly dila) adlse b
-Bacillus subtilis LS gaty macss Liguall Job (o Sllsaill 2 manuring



2l eg ciiayan Jalse Bac alad sacly cuilSy Ualladl (ahel dugaal) dadl<al) Jlae b dfing 350a iy g
Al CSHa gl Tagana Clatiiall o3a igig 8 ydgiall Calatially Tagana iy Jead) old slaill (e a1 cilia
JalSilly (gpaall sl Jee Ayl o Gla) S5 sl ) alladl) liaSl dilaly oY) AdSy claliae £l
A 1UIS (Al dan Clgasis latie A58 aag Sliivs Galiions (gAY AaBSA julae e Duganl) AailSA) Gl
New leaf line s 71w 3 55,0 MONsanto Inc. sl ge 4S8 cuilSy ¢ al e daslia olas Ly 55m Uallay
Wladl Y g5 Potato leaf roll virus UsUad) (aysl calial) (g pl daglia calia¥ Ll IS5 of potato
e sabionti il Jodl) b 2o glan olas Ll g 8)5ma Caliual Conil LS ¢ 359yl Clanall olat Alaea 25 Potato virus Y
by elilys laes clatial dllgid) Ji 3 Cligean CBY Cus dalia ye Glia) sda e (Sl esalbiall dadllly
«Trichoderma harzianum _ksé s ThEN-42 &) aladiuly Uallaill jaga3 ) 1998 ale 4 4Bla)g Lorito
Alternaria 3Sul) dadlll (aye daidl 5yesadl Glilall s Endochitinase jliaSoxl ag) caall 18 jadug
il asgie (5 ol oSas Rhizoctonia solani LigSyy, calls Botrytis cinereacssle)ll oialls solani
Colasaal) alasied culgal Tlatg L9 Al diayee lils] Taie Anatagonistic organisms dolas ¥ @S e clis
Ljlgad) daslaally Jalally udlinlly slaail) aladinly Helaill dals ST Loeal Ligaal) Aadl<all muaion Cilasaal) daslaeg
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Abstract



Recording and Biology of Lixus cardui Olivier (Coleoptera:
Curculionidae) a bioagent for Illyrian thistle, Onopordum illyricum L.
in Syria

Ghassan Saman Ibrahim @

The investigation was carried out to study the biology of Lixus cardui( Coleoptera:
Curculionidae) the bioagent of scotch thistle, Onopordum illyricum in the area of its
spread in Syria. Laboratory works done at the Biological Control Studies and
Research Center, faculty of Agriculture, Damascus University during 2008-2010.

The scotch thistle, Onopordum illyricum is one of the very spiny plants that occupied
the field edges and road sides and around the service rooms and farm buildings, also it
invades the rangelands and fields of winter crops. The species L. cardui was recorded
for the first time in Syria. Results showed a high level of synchronization between the
bioagent and the weed phonological stages. Adults appeared in early spring at the
time of forming the first true leaves of the plant and to feed on them and at the time of
stem elongation females started to bore the elongated stem to lay eggs inside the
holes, however many bores were found in each stem. Many larvae were found to feed
inside stem and that cause a heavy reduction in the plant growth and number of
flowering heads.

Larval stage lasted for 42.4 + 4.33 days and pupal stage for 10.2 + 1.2 days and
reached to adult stage inside the bored stem were they overwinter till next spring.
Host specificity test proved that the bioagent was very specific to the weed, O.
illyricum and the adult never fed or laid eggs on the tested plants.

1- Assistant Professor, Dept. Plant Protection, Damascus University.
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