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) J 98 Jole Olgae 49 Pseudomonas fluorescens NZ105 cudguil (8 55k Dlho (pusd 9 (o Lol
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ST oBils Ol Dlihoss 5 e oy M ale 5 55l pske 0aSails (S 30lE 05 T liils (g 575 (g mtils =Y 5
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S35 Solen Tl Olpl 5 Olgm w53 Sl o o sege 31 S (Lycopersicon esculentum) S5 e &
oy Sl ias 3l (SO il e 58S 53 0lE ol St dnw !5 5\ Verticillum dahliae fele L X par S o b s
S 5 el Gy ol el 1 O el bl oS sl (slags ST Sl oolinel ALE lasolen o pole 5
5 WGBS 51 o)l sad 1l st pl 8l ol 5 S e (Solows i) S8 Jile Olsiear 350 Lobadil slags ST
55 el a5 (Slaplbl 51 sl Slaglhtr b pla] AP Ol 5 5les 53 51 5 08 ool K per £ ¢l
King's oS Lasma (555 1 S ysh 41080, a5 bl 5 oS a0 go3T plowil b it (g3lulitr (S 5 0 e
baler (hd ¢ flite S8 (b0 sa5T plonil (b il sl ke i 6 Pseudomonas 4l ¥+ sluas amedium B
Olsie 4 P. fluorescens NZ1054 1o .t & 15 oSS (gla oy p 5550 418 Lyl 5 55 V. dahliae J x5 5m Uiy
S8 Ll s golew Sud 2l A3 AD 5 g by S5l e e YV L cus SET fule op 5 e
SallS 50T =k 38 5 olelis 5,50 16S IDNA S5 asb o515 5 olacdgw b i) dhawstr 5 s Slsus]
Flis ks Jsb iy gl caly s 5 @y i 0 il (ss) Gla ol ls gme SRl B g 5 S e i sls Ol
53558 BB Jole gl oI35l sac plie G5 A5 (Sla S 515 OLES L gy (et ol 0ld &5 5 4
Ly e P. fluorescens NZ105 wluo g J 58 Oly )3 (b s Ll slacd plae 5 8T

wiy gl 86 s phe L5 5, Verticillum dahliae « S5 e 8t sls” SWo 319

e Jgama (nss> (K par S .(FAO, 2019) 5,15 1 3
b ke s (S o, olen 5 Sl 5538 55 IS
Gl sl sums 1SS Verticillium dahliae Jole
(Murid & Haji <l 01, 53 Kjpef Mg
g e b iy, 048G Mansour, 2017)
9 ()Li.a (:QJ‘ )‘ oslaul AL;.> )‘ 6_)[.«.:.1 U‘i‘ o pde
35 Sl odd a3l |yl @ Lty S Ssieds
ol b b e eslial pglie o) I Al sl Lyl 2

400
Lycopersicon  ale ol L (SKjper S oS
Solanaceae o3l sl 4 Glaze WSS Ga\.f esculentum
Cpemn W3 gl 53 Dl i o e 5SS
Ao 35S G5sUS it ame s g a5 Lo S
sladle (b olal 53 (S par 8 5 Ol st L
93 055 Ogehen i g b Ol ol il 213l
Sler > Sper S odee OB U5 o oKl
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ok ol oSt 5 5 0555 8 sl cadyy b
(Singh et al., 1999; Bhattacharyya & Jha, <.l
Coabl Gl S 3l eslitel oges s 2012)
Sopde 3 Fam Slabss 3l (S Olsse (K per S
sy $33dme GBS gy (S35 ol
s SL sadles L Amaresan et al. (2012) .s,ls
Cbals dmdly K S gy s sl
Sl glels 1) W) ol CbB L cd il ¢ ST
Sl alas= 95 g Bacillus > 4 Glase bialis ol i
JAS 4 5B baalas ol Clel LWs g Serratia s
Fusarium oxysporum 6 i 5 2,6 sls Sl
Pythium 4 Sclerotinia rolfsii Colletotrichum capsici
Sl d3esl 25 ke A5 QU5 impan L3 5 SP.
dalas U calie b s cding s 1) Olawd 5 sl
dzailg (S8 by s Cdsul sl STy
bl [y oy Wl B b sl (6T (slaaler
Sl ald= 95 5 Pseudomonas > 4 Gleie o5 sl
.45 5 Acinetobacter 4 Stenotrophomonas s ,..>
&> V. dahliae 2,6 5 ks J 58 e baalis ool
Wy el Saul doul Gt Wy oUls
s e e 5T (2B ds Ll e phe
(Safdarpour &  Wss Ojsyde il 5 LS
Coonl 9 545 3,l4s 4 4> ¢ L Khodakaramian, 2019)
5 @beld (bl 4 pllil p pbn pl Calibue sla
1 5 oS (55, 5 Td sl (Sl o i ge e

el L Slie JulS ey w3 S (S
ol Cslasl s 51 Pseudomonas fluorescens NZ105

.bﬁé:j&ﬁ

22 SB35 § 3l
6)'éj 4903

5 LY s (Sper 5 sladiy 5l )15 24 pes
22 W48 Jl ksl 5 Ll Jswad (b 5o 45,50 10
Vool paisai (b o el L1 5 Ol slaokal
23Sl 5L e 455 2wk L ST 6y

O I3y ge ki ad S cladle Jgb s oJl>
Colibri 0z S5 jpar S pli)) Sl ok > Zunslie
Rekanovic et al., ) <l oas 3,8 Rio Grande,
68 pl obs Lss Ly s V. dahliae «lis> (2007
Sorn b Ssp s o5 SOl b ol o
Oliveira et al., ) ol S5 3em 8 pl)l 53 (ko3
5 et psm 435 B pan Sl p blas (2010
3 pyom S pan 53 S Slen 53 Canslie oy g
Gy a5l eslinad (0T ases S s g Sl
SleliS Slge g JAS L5 s o5 o Kl
(Martin & Bull, <l o § a1y oL SL g 2,6

2002; Naraghi et al., 2006; Naraghi et al., 2008;
JiS 55 Sl sla SL Prabhat et al., 2013)

Sl S Ry 55 OBLE 5 Chlis 5 AlE sla 8l
S Sl dnn Coanl Fb- okij 8 5 0kij Jelse
4 o OIS me s BIEH el Sl
St s ns b a0b (plSL clacie
ool S opl el (Wang et al., 2015) L 4i o o
Gy slasS Wy gl e s S LS
Wlge e ahlp 6L L Al 5o 5 il
Chslwe 5gkey Jolse 5 25 Lld o 1) Ol s
sl b S ol add aslis 6%“:5&‘ Sas
(Induced ~ Systemic ¢Sz  GWI Cujslis
A slisese 4 awls  (Resistance, ISR)
(Vallinoetal., cwl (ET) A5l 5 UA) dowl &S5 ol
2009)
s ST ol sl odkd atlid (glaalSa s )
ACC (sl 5T WSl Al Jozl W5 Sl Olg e
5 O5af8 Cal (S s i sl Dol GliaTs
(Vallino et al., 2009) 5 ; ol ALE sl S ley J 25
Ay ek )L s Sdpdl oL STL gl e
2 Lzl Burkholderia s Bacillus « o1y o (PGP) ol
033 5 dob GRIB el r s LB oba & 55
MSA2 wlis (omar 5 Lo iy 5 15157 oS ot

= s Jatropha curcas al:f 4%, ;| Enterobacter
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Lol b )5 9 e geade 4353 YO sbes 5 L 5 dahliae
2 0505 ol ks S LS 0555 S
4 b s il 51 S5 gy b ol DS - b G
Gl Slalse clp el sy o g
wiy Sl Shsib doys 5 ds ol yls pdlasl
PIS[(Ri~ Jge 3 5l eslizal L PD 8 ley 7,6 o sobcs
dals 3 48 plas b 1 RLOT ;3 45 R) / Ry] x 100
S sl e )3 o8, plas b 4, R2 5

(Munif et al., 2012) 1s acwloes c ol

Sl sl s loiT
Pseudomonas gl (s 3L Olgd (23!
Sl tylph 55 Silow J 55 50

O spmilon g il o Vo b O 35 S5 per 555
cble s « Pseudomonas i ald> id a
e 4 59 old o e gt g Sl gy 4 VM cfu/ml
(Atugala Lus «lS sles pow 51> 5 a22eT Cola YF
salas Jll ) |8 celn YF & Deshappriya, 2015)
O gl s €03 7w &S5 (Gl SLOIAE & cos Lo
548 Bl s 2 55 sl VXV Coman b 26
(Nejad et s Jaze OIS @ ous jles Glalis ums
wr S odi Sl OlE W, 51 e S, FO al., 2000)
ee bt b oley DS Aoy wan a (S
3 o Olez 5 odle Ll sl olsa slaphl 5 alb
JfS Olgen s aeales Hlad 2 (6l Solen J 287 015
55 & [(D1=D2) / D1] X 100 Jge 3 51 eslizal b (s ko
Aoy D2 5 ea T dals 53 (golew Sds desys D1 0T
(Jabnoun et al., Wi awlbes Glad Hs Golew Sl
LSS gy ol Sl b L6 s LT 1 2009)
sloosls (65LT 425 5 planil (amalS Ve ol 1SS 2)
SAS ij3le 5 3l eslizul b el zal)ly (6,8 o500 51 Juol
b oSl dmglie 5 uilisls 425 anglie 5 b plnil 9.1
Loy ¢Sl eadBE oSSl 03T I eslizal

RER U

Ao 5 S le cady, i Ol 4oy e b S
b Sl )5 6 5e & Ol e 4 olS

V. dahliae § jlow zs6 b4 la>
VD-Co-P-G- 45" L V. dahliae Lo 7,6
w5558 (SelS Dlidos e 0SS I 22
S Los 4 4Bl Sypo 4 (6 Sladn, L
sy OS5 Py & B Al e LdS Jizs PDA

e gl el

Pseudomonas i (SWCwdgl (S ilulu>
5 RS 0303 gizad OT L aids Vo Sdets b gas
Loy 50 Fr Ode 4 UVO JSUT L Gsieds
ATINP P PG SRR IR W g
s phred Oy e ke ST Lk 4w il ¥ S
5 HAs Oy i OT ol g i Ol 5 g gl
S Lo S35 G il S Ay o X0
Ai esls S Lbie Sl o (KB) o di«:f
61K, b glealas (Atugala & Deshappriya, 2015)
Ol Pseudomonas i slad 8 Ol gie 4 ooy
ST Ol A 5) placdse 05T Ll s
9 ) e L g S degy 03 da0 63 5507
i 53 (055 o8 S (55, Loaleo G5 b

s ey S

S L L V. dahliae § jlow o 9 w)yy
olKis Lo 3T Ll yés 38 Pseudomonas cudgusf

Gl J 28 0 Ol5 el 1y adsl gl S50

Vo 8 sl £ )6 wde Pseudomonas o Cote S 5l
bl o8 O s0a PDA i Ls (g, dahliae
B S R e
2 b e 26 Wy J s 05y, 10 5, sl
33783 G CiS b sl oS
0313 )3 85l 6 S (5055 e ool (PDA) BT
V. 5l 7B sl Aalh (5 LaSE e L2
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s dw Do 4 F b RIS 5 e L UUS ool
aass c..l Sde @ ot Bl o L esls gs'.’.L‘J"'“ éf}.:u
a5 YO (gles y3 aids j3 3 Werr Co o b ladigal
4 VL 5B 5 s S Vet s Sk Sl e sk
a3 =Y gles ps oy Jame Op e sds S S
! (Elboutahiri et al., 2009) Li (s 14g&S v somdes

(5 e ST i I 16S IDNA o iS5
CGGGATCCAGAGTTTGATCCTGGTCAGAAC
(5 3 GAACGCT-3)
CGGGATCCTACGGCTACCTTGTTACGACTTC

.(Kumar et al., 2016) . oslazl ACCCC-3)

W ol = 3 PCR ol 25Tl bl
MClz ¢ 25 Sen YIOAX 3L sl lsn b 2ds S
(ids See /0 ANTPS iz S ) (¥ L V/0)
s S ST e sS85 Sd gl ST
¥ (Y5 e Y/0) Tag DNA polymeraseﬁ;T
DNA 5 25 S VOV 05 e OT s Seo
4l LPCR 2875 s ags ds Son ¥ s ] el
aB3 93 S 4w gebi 4353 AF los Jols 5l >
AF j3 4 > 8 gPCR 4 > Y0 5 adyl i july ol 5
Sode 4y o gamnden a5 OF Al 0 o 4y o g 4 55
B e BT e SEA AN EN A
Ad el agds Yo e a4 gl a5 VY Gles s
b 51 lo s (2STs dgmammn o 5l ads Sn e
SLeSale 53 5 bl 50T &) Sl s Ko oS
DNA ladder SMO 323 )y S &5 5 7Y 5,87 J5
@ds Yo 5l w5 &L (Thermo Scientific)
(Gel  picie s STs J5 oKws w5 555
&3 5 S 5 sdali Uvitec/DM 500) Document
im0 nk < b 4 POR STy Jpame i

(Kumar et al., 2016) L& osliw 3

bug peo Scdpbe Wy bl ey
Pseudomonas g 41>

Wep e Ogail

AL Scdl 5o bowynl e o)
S SL L edd Giabe glles I plasT
Sppe 4 el m el Gale dals 5 sl
L Ol O Skl ey DU gl Sola
Olos plonil 1 oy Clitne ALE Solalad ¢ j5he nl 51
Sl Sl Gl Cand 3 add oyl ol
o35 L3 (KB) & &S S Lses (53, «Zobgll
asl wiy gl L oluls o gilulie I . Lud
Gl Gl ST L T anlin 5 Slabad sl b1 s
055 Cod gl ol Siale Jaldh 4 b gy 0 Solabad o

o i alllae 3 50 Slas ST

oS ady p cudsnl S aL b

I a b ol 26 Lsds Sl sd ol
ol o ,Lil u:ﬁJ L};Uﬂ.ﬁ) okl g‘)‘*’.l“ PR LgLAL;J;fl{
‘}}‘) fo J‘ o A C.&l; Las éu’@:‘*‘ 0> 09 (YL BL
Ghiy sl arls (K ar S edd Hlas 0l as,
059 5 G 5 adoy FO5s ale Jsb cals,; dob Joli
Gl AE L ekl led 4k, 5 Gy oSS
dals 5 (55l 05) oIl Al 4 =i Pseudomonas
5 on S Lls s 26 Sl 4 a7

.(Bhattacharyya & Jha, 2012) i (g ,ls poilasl

Pseudomonas y g0 Cudgil 4lus 9 ol
Skl S S glls bkl e
5 At 5SS s oled s sla by, 5 Pseudomonas

(Kumar et al., 2016) 3 o3lizs! 16S IDNA

yoals (Slo wxiy s 19 plxil g DNA | il
S g CiS bow g5, Pseudomonas § s afde-

Cass S J5s dypl a S s esls css” LET

Jloj o2 &G (NAOH) 3 ds a0+ (g5l 05 2

Sy i bl us)s o SDS FAPR O

SA G OT o aiss 0 Sde gl bk ses Sy
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SobT Julos g 4 320
Jels 5 s s B 8 s 1SS e s 6 6l
Suog 8 A planil SAS 9.1 153l 5 3l eslizal L Laosls
¢SS Jlaz| e o oI Oge3T Sl eslizal b ayles
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Pl
Pseudomonas ud gl (ss 557b (S jlwlve
SIS, g ol 55 5 SIS Sla0 g T plnil b
51 King's medium B ciS bow g9y 5 Ciwy s
wlds id Cute Sy ols Pseudomonas «lu- Yo sluss
Ul b oalls 5 Las gdey & uir A o
L;bgs"")f S ‘hbrlf Jaa._\f;» BL V. dahliae JJZS):.:

OV g s § 415 S

33 Pseudomonas SBWIA>  wigF T
ol o 3T
Pseudomonas (slawli> Saiylsib 31 s p b
wSie 4l zu V. dahliae Sl zo6 ke
oo YV 5KLe L Pseudomonas sp. NZ 2011
o e /% 5KLe L Pseudomonas sp. NZ 2201
o e YV 5SLe L Pseudomonas sp. NZ 2202
5 e VWV 5 SLe L Pseudomonas sp. NZ 1102
e e ks V/F S5l L Pseudomonas sp. NZ 1101
o Lol jan 350 g cpl iz el sl 1) (Sls5L
oA b e e ¥V &k L P, fluorescens NZ105
V. dahliae J =5 50 oUls ob3o sl ¢ S U050 dlls

. - o . = -
B S5 ey g 2y 5n SIS Lyl 5 s

Lol yd 50 Golow J 55 50 otie S la i
Slabls”

g 28 s Dl Ol Wbl a s mb

5 sl 7,6 ol ene Pseudomonas b sl (slacs STl

5 (S oloe zB) o307 dals L aylia 55 V. dahliae

Gsl= ¢Sais gy, Pseudomonas ;ge alis S
Sy e 4 SMA (Simmon citrate agar) ciS Lowe
YO slos )5 el FA S 4 S8 1SS 4w s (514
ol bl s Oolad Al LS5 s (6,10gSS o gmmakes 4 53
L bl el 5y, SIS e 4 S WS,
(Gull & Hafeez, 2012)

Sk T 0185k Slacwgilio wlgi gesT
ST 50 39 L6
cble L Pseudomonas ;se alds O seilw s

PDA S Lo (ool slacSais o5, VXV cfu/ml
gk y3 YA Gled 3 sy aw Dde 4y CAS
biS Lase mlow (slaaS ;IS s LS (6,106
3 2 9S4 el Oy 4z K 5 0l )
LIS I - P I PR PRSP TICL 3. SR
g8 3y 10 LS asl o gl s &S cadds
dals Ol g 4 $Sas O 5 $Sa a oy 5 Sl
V0 Sl g PD) (S ,055L des s Oljs 5 i 03ls oS
Lé ;S o3I PI=[(Ri-R2) / R1] X 100 J 4 5 b 3,
.(Raut & Hamde, 2016)

7B wo B Wb g BgeiT

Sy aler Opdbese B8 0pT G
Yoo Jdas e 5 4 alie Cble L Pseudomonas
T 55 S ladkams 655 235 o 5 Ads S
Sde 4y 5 8 i (NGA) S5 do)s 53 5ol
GG s 4355 YO (glos 5 b (gm0 Celu YF
g Z8 5335 10 S 1 K &G o i
Ll s 55 i esls 13 PDA ciS bow buwy o
o2 s S sl g6 5 S S GlaeSats (g
Sl e @Bl Ll 1 eslizal by dids esls 13
NN PV A S PUT D RN S PR W INCL -+
(Raut & s s, Se3ll 6 s, 51 P (Saiylsjl
Hamde, 2016)
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Jles Uy Pseudomonas cubsl clawlis L Ml sl ol (5l g8 ) Wl sl
m\sgrixﬁé;f\{jvjbnugwéjuf@m{j Sols 3 g basles w55 Loy diicla..»ﬁ So3 san
Y Jsus) S Az 33 AO L P. fluorescens NZ105¢ ;S°6 4l

Ol 1y Golew Sodd Ao ys alS o i 03 JT dals &
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Table 1. Phenotypic characters of six selected Pseudomonas isolates

Gram Hypersensitivity Arginine Oxidae Fluorescent

Isolates Levan staining reaction dihydrolase test pigment Potato rot

Pseudomonas - - - - - N _
sp. NZ 1101

Pseudomonas + - - + " . _
sp. NZ 2201

Pseudomonas + - - + + + -
sp. NZ 2011

Pseudomonas - — - - _ . _
sp. NZ 1102

Pseudomonas - — - - _ . _
sp. NZ 2202

P. fluorescens + - - + ¥ N _

NZ 105

V. 5l g8 boks (35 ale sods sles s a5 ol wsy Bl s B jen N O T N
V. 5l gob 4 3T wals 5 (©) WJlo dald L b awlis ;5 (B) P. fluorescens NZ105 St 5 dahliae
(A)dahliae

Fig. 1. Significant reduction of wilt symptom and increasing the growth of the tomato plants in seed treatments
with V. dahliae and P. fluorescens NZ105 (B) compared to non-inoculated control (C) and inoculated control
with V. dahliae (A)

oy 5 6 g S 5 505 Slho wbly 4 e k] Aby g Pseudomonas cudgl (slds w57 ,;l:”
Sl gne OV Lajled (s 5ls OL w5 5 4ty Jsb ol

P. NZI05 wlix .5)ls 5525 do)s &5 o o



) YEo o Sl S 0,kowd care W ¢ S 320LS 45 dlannt 5 50

Sy 70555 ak 5 O5s ety dsb s gl ady, ol Bl 5 i Oly 5 Ole cpl s fluorescens

.(YJ}J.::):ﬁ)\:)?ﬁ d{&a-ujj cdﬁdg.iﬁ-dj) ..L..':'v) dhu&u )L)u.bu

oS sy Sl et ls 5 gashad s (S e ol J S Ao ys (55, Pseudomonas &b sl glaalle 3G -Y Jsir

e A
Table 2. The effect of endophytic Pseudomonas isolates on Verticillium wilt disease control and tomato plant
growth parameters under greenhouse conditions

Treatment Disease severity Disease Seedling wet Seedling dry Seedling Rootwet Rootdry Root
(%) Control weight (g) weight (g) height weight weight (g) length
(%) (cm) () (cm)
Inoculated control 94+0.28a - 19.15+0.08 4.67+£0.05¢ 13.8 6.11+ 1.98+0. 4.83
h 3+0.05e 0.06 g 05¢g +0.05 f
Non-inoculated 0.00 £ 0.00 - 58.50+ 0.28 25.50+ 0.28 28.5 33.50 15.50+ 19.2
control g b b 0+0.28 +0.28b 0.28b 5+0.14 b
b
Pseudomonas sp. 55.50 +0.28 44.5 49.71+0.05 18.20+0.28 24.0 31.66 12.62+ 16.5
NZ 1101 + pathogen b c c 0+0.05¢c +0.06 ¢ 0.05¢c 0+0.28
c
Pseudomonas sp. 32.50 +0.28 67.50 27.40+0.05 8.65+0.11 e 14.6 12.48 4.27+0. 6.66
NZ 2201 + pathogen d d 6 +0.05 +0.01d Ole +0.02 e
d
Pseudomonas sp. 31.50 +0.28 68.50 25.40 +0.05 8.59+0.05 e 141 454+ 6.83
NZ 2011 + pathogen e f 6+0.02 11.15+0.0 0.02e +0.0le
de 8e
Pseudomonas sp. 54.50 +0.28 45.50 25.79+0.05 9.06+0.04 d 14.0 11.48 5.06x0. 7.33
NZ 1102 + pathogen c e 0+0.28 +0.01e 04d +0.05d
e
Pseudomonas sp. 35.50 +0.28 64.5 22.20+0.11 7.20£0.11f 10.6 9.85+ 3.62+0. 6.66
NZ 2202 + pathogen d g 2+0.06 f 0.08 f 05f +0.02e
P. fluorescens NZ 15.00 +0.28 85 70.08+0.005 30.72+0.57 35.6 42.31 17.23+ 255
105+ pathogen f a a 6+0.57a  +0.005a 0.57a 0+0.57 a

Values followed by the same letter are not statistically different (P < 0.01) according to Duncan’s multiple range test.

JK8) de pums e Jus YV L P. fluorescensNZ105 B3y coi § PCR 36T wlw! pPseudomonas
Y 16Sr DNA G5 4t

4l 16S IDNA 05 ool oo gl il
P. fluorescens NZ105 ey (g555an 789 L Couie
oL > MNBLA0AT v iws ojles L 5 gluks

A Jlg o5 NCBI GenBank (glaesls

BB Jshe ol odlsjl lacdpbe W5 - I

/_ @9 Shdgle wsi 20l8 (e

P. fluorescens NZ105 4l dawgd

(A) wals 4 &wi (B) P. fluorescens NZ1054 1 3599 ogi

Fig 2. Production of extracellular metabolites and P. NZ105 4lir by £t j.\;,bj\{ Al Ol e

inhibition of V. dahliae growth by P. fluorescens

NZ105 (B) compare to control (A). LS e e ks VY fluorescens

78 wo 1S s gbo My
As, aals e P. fluorescens NZ105 4l

(¥ JS8) A5 TFA Ol 0 8 slas 508 p sk

JB Jokw o oiylo il Shwgilio w g
ST 4o 398
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Munif et ) Ws g Loy AD 5 s )3 AP oy M Ol e
.@al., 2012

Carse Solew SR gDl gy 3500 Glaaslur
oSt O ki ol iy sl bl s gae S5
Sy g adyy 0oy ady) dsb iy g8l al; 5 4y
(Thomas s 75 5 ples @l b Gl opl s Lda
Gebod gl pomen .l ke & Upreti, 2015)
L 5 Nejad & Johnson (2000) b L ,5b-
5155 o8 45 4, « Bhattacharyya & Jha (2012)
G 53 LAl Slgen 3y okd plwl (K par S
Lo)3 M V. dahliae S (6 6ol wMe el ol
e 3 AF F. oxysporum i iU s ke e el
S eslizal e 3daie sla i)l S s odd pdlel
B. sba S Lug i Ll 55 s sl S
Ll o0 392 90 Solew ol ade P. fluorescens 4 subtilis
s Bacillus I glalas o594 Jolge ol 51 & &S
(Kwak & Wleds uJ g (g,les &y sues Streptomyces
Weller, 2013)

Poalr JpSem Ol5 oy pses 3
B S de o ul &S U el fluorescens NZ105
a5 ol A Dbl 5yl p sl sl W a
W5 sl sSh oLl ml b G ) s sl
Amaresan et al. (2012) Luy o5 Ko glacd ol
shs a4 a4l Cdabe Ioeslead il Calbs
(B Al lidpbe op e GeS s ST
Olides 4 5 25 5 o)l ot ¢l s A5 iopan 5 La 5T
(Morikawa, 2006; Lles s ALS (slacsslew w5 Llgs
Khezri et al., 2011)

wobil by ooy opl O ol il 4 s L
Olabl b Ol 5 oo ¢ ptioes ploo Jamn g5 0l @51, oL )1 S
SR 03 g A skl Sas ST oS 5 e 3!
OISl (5 5los 5lge LOT ) gl | 5 axls ol 25, A3,
S P P R O P C I PROERE s

-\...&Lu ai)s o ) .b.»:u 9 ol

TSN PN RPINCN I 9
4 P. fluorescens NZ105 &b skl (6L aldr Lo g
(A) asls 5 (B) V. dahliae 8 ey 7,6 ol jun

Fig. 3. Effect of volatile metabolites produced by the
endophytic bacterium P. fluorescens NZ105 against
pathogenic fungus V. dahliae (B) compare to control
(A)

&

W)
5 whord ey Sl gy g esliul s 4ol

Gl sy 28 ) o LOT e SIS
(g By il S 05 il Ko
3,0 S SRS aslba sk a1y ALS Glagley
(Junaid et al. 2013; Kwak &Weller sw, o L «
ol e o3 s ey opl 55 2013; Prabhat et al. 2013)
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Abstract

Tomato (Lycopersicon esculentum) is one of the most important crops in the world and Iran. Verticillium wilt
of tomato caused by V. dahliae is one of the most important obstacles to the cultivation of this plant in the
country. Using endophytes has been introduced as a new solution to plant disease management. The aim of this
study was to introduce endophytic bacteria as biological control agent for Verticillium wilt of tomato. For this
purpose, plants were collected from both greenhouses and tomato fields in Tehran and Alborz provinces.
Endophytic bacteria were isolated mainly from the roots, stems, leaves and fruits of tomato. Based on key tests
and fluorescent pigmentation on King' B medium, 30 fluorescent Pseudomonas were selected. In dual culture
tests, six isolates with biocontrol capacity of V. dahliae were screened and complementary evaluation was done
under greenhouse conditions. The P. fluorescens NZ105 strain was identified as the most effective biocontrol
agent with 3.7 mm inhibition zones in Petri dish and 85% disease incidence reduction in greenhouse. This strain
was identified based on the key tests and 16S rDNA gene amplification. The results of the greenhouse test
showed that P. fluorescens NZ105 had the best performance in increasing plant growth factors including plant
dry weight, dry root weight, plant height, root length, wet root weight and wet plant weight. Furthermore, the
studies showed that this strain is capable of producing protease, volatile antifungal metabolites and extracellular
metabolites.
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