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oS Sl lajsy JST ol sim s el gb5ol 5 soles
2 aS e e g Ll ol Sy L5555 5s Sobey
= Ol 5 A3 dms (Sl Ol s J 5 3 ]
NI PO P g U PO T I  P S PP RC puv I
el 0a 30l (%-day) S5, Ao s3 s ssts AUDPC
(Garrett & Mundt, 2000)

OoSKer 5 8 rsy Grllan &S5 5 J 287 LS
BCE = [(Dc — Dr)/Delx100 J g 5 G b 51 (Y +¥F)
Ol 0 Do J g p ol 53 (Guo et al., 2004) s 4nle
OLalE 55 6 law Ol Dy 5 e J 58 ol 55 (6 )lew
Al e G ST Sl ST b ot s
Sl Judowi 9 4 525

3L JolS Sl 5l b 6 s ST oyl
Lwg LT o 5 a8 8 plosit LSS 4w 3
La Kl aglie 5 SAS 9.1 SAS institute 1531 p
(LSR, P < 0.05) ,Is_as (s4als 3l 5037 Jaw g

oL SIUT 51 o besls 2871 5 059 Jla 5 s r\:r."
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Table 1. Physiological and biochemical characteristics of fluorescent pseudomonads.

Character Isolates
BSUI161 BSU205 BSU390 BSU630 BSU391

Levan production - - - - -
Gram reaction - - - - -
Fluorescent on King's B + + + + +
Catalase + + + + +
Oxidase + + + + +
Aerobic growth + + + + +
Growth at 40°C - - - - -
Growth at 4°C + + + + +
Hypersensitive reaction + - - - +
Arginine dihydrolase + + + + +
Growth in 5% NaCl + + + + +
Potato soft rot - - - - -
Nitrate reduction - - + + +
Gelatin hydrolysis - - + + +
Starch hydrolysis - - - -
Lecithinase - - + + +
Utilization of:

Sorbitol - - + + +
L-Arabinose + + + + -
Sucrose + + + + +
Trehalose - - + + +
Manitol - - + + +
Sodium tartrate + + +

+; Positive reaction, -: Negative reaction

Byl s 33 LB oz (i o5 T ool
ol Lo 3T

Sl b g0 95 5w dan ¢ Joline O i8S ) 5o

aS3 ol Jole 6 S (9, (amlitor YO) i 6

(Pseudomonas  syringae

pv. Ll gla—sl;

(bl ol s .\_.:.9; 8 ey 3, 9 lachrymans)
sBSU161 BSU630 BSU205 BSU390 laali

e ST - ke 1S+

P Gl )y Sl ol s elal
Glaaslde a8 Ud jebe e b5 glaas i
L& o 5T el BSU630 5 BSU205 BSU390
A5 g U bl ol Koslea ils 5 el
Cbl 4 Jl s iy S5 5 5l DT slag 5T
B SY sk 5 5nS” Gl Gla 5T Ay
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Fig. 1. The 1200 bp fragment from the 16S rRNA
gene of isolated strains from cucumber rhizosphere

in 1.5 % agarose gel stained with etidium bromide.
C: Negative control, L: 1kb DNA ladder.
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Table 2. Characteristics of the cucumber plant
growth promoting bacterial.

NCBI
Bacterial species accession Strain
number
Pseudomonas KP412237  BASU390
fluorescens
P. protegens KP676935 BASU630
P. putida KP676933 BASU205
P. putida KR864899 BASU161
P. chlororaphis KR864900 BASU391

0T ol Sl (slags Sb oo 5T sl 5 Li, SaSeS s sla S5 -F Ul

Table 3. Plant growth promoting features and enzymatic activities of selected bacteria.

Isolated strains

Character BSU391  BSU205 _ BSU390 _ BSU630 _ BSUI6I

HCN production +++ +++ +++ +++ ++
IAA production (pg/ml) 139.84 179.53 191.87 153.26 145.65
P-Solublization activity ++ ++ ++ ++ 4+
Motility + + + + -
Resistance to streptomycine - - + + -
Ammonia production + + + + +
Siderophore production + + + + +
Cellulase - - + - -
Lipase + - - + -
Protease + + + + -
Chitinase + - - - +
Amylase + + - + +
Urease - + + + +
Pectinase + - - - -
Gelatinase + + + + -

- Negative; + positive; ++ medium producer; +++ good producer

O oS U gt e gte o AiS A g 4 SO + ¢ ghle -
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Table 4. Inhibition of P. syringae pv. lachrymans colony growth on KB medium, mean diameter of inhibition
zone and degree of antagonism of the bacterial antagonists.

Mean diameter of inhibition zone

Strain Bacterial species (mm)* Degree of antagonism”
BSU390 P. fluorescens 22.000° +H++
BSU205 P. putida 21.333% +HH+
BSU630 P. fluorescens 20.333" +H+
BSU161 P. putida 11.667° ++
BSU391 P. chlororaphis 7.667° +
Psl + DSW* P. syringae pv. 00.000 _

lachrymans
CV (%) 4.39

N R S N 7y S AP PR P LEPYL IS TIPS AU PR S

*Values of each column followed by the same letter are not significantly different (P < 0.05).
=¥ SaGlasb e bd) "t 655 (e o MY Fu5lasb adls 8) "t Lo sze (e oo V-V (Silask s bd) "+ (¥
{(Arsenijevic et al., 1998) (e Lo ¥ 3 2t Sxls5b dla d) "ertt" o5 A 5 (e b
YWeak ‘+’ (width of inhibited growth area 1-10 mm), medium ‘+ +’ (11-20 mm), strong ‘+ + +’ (21-30 mm), very strong ‘+

+ 4+’ (over 30 mm) (Arsenijevic et al., 1998).

“The control (distilled sterile water).

Ul Lo dsb 5o S s es o Sl
Sl sl 4S5 s IS 55 S ST (gl 5T
Lo S L 0L L 0l 1 bl Ll s s
13 mn gl a1 oy 595 FO U Cd ST
Sl ST ol Sy 55 FO L5 i ol te
Js—ba—y BSU161  BSU630 BSU205 BSU390
VD AF 5 541y (slas O s (P < 0.0001) (5,15_sins
Sha i e 1 e 53500 55 . Lisls _2alS /9 5 5V
013 mine 5 iy BSUG30 5 BSU205 (BSU390
Dlad o G 20 VY MY s 5 ol solaw Ol e
&9l BSU391 afus (P < 0.0001) Lsls 2als dals
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Table 5. Growth promotion effect (GPE) of applying bacterial antagonists alone, and in the presence of

P. syringae pv. lachrymans on biomass of cucumber plant grown under greenhouse conditions.

. . Fresh weight Dry matter
Treatment Bsicet:irésl Pla?ctlil;;ght S‘/E)E @) ¢ GPE (%) y(g) y GPE (%)
Bacterial antagonist alone
BSU390 P. fluorescens 65.3 +0.6" 52.0 46.6 +1.1° 68.8 6.8 +0.1 74.3
BSU205 P. putida 64.3 +2.0° 49.5 443 £2.1% 60.5 6.5+0.6 66.6
BSU630 P. fluorescens 62.3+1.5° 44.9 442 £2.0% 60.1 6.4+02 64.1
BSU161 P. putida 52.7+2.5° 22.5 35.7+2.2¢ 29.3 53+09° 359
BSU391 P. chlororaphis ~ 43.7 + 1.5 1.6 29.0 £ 0.6° 5.0 4.1 +0.28 5.1
Bacterial antagonist + P. syringae pv. Lachrymans
PsI+BSU390 58.7+15° 36.5 42.4 +1.0™ 53.6 6.1+0.3° 56.4
Psl+BSU205 58.0+2.0° 349 40.0 £2.0° 44.9 5.7 +0.3° 46.1
PsI+BSU630 56.0+1.7° 30.2 40.7 £2.1% 47.4 59+0.8° 51.3
Psl+BSU161 51.0%1.7° 18.6 32.5+1.8¢ 17.7 44+09° 12.8
Psl+BSU391 41.0+1.0¢ - 28.1 +£0.5° 1.8 3.9+0.5% -

The controls
negative control Psl 253+0.7° - 10.5+0.4° - 1.6 £0.2" -
positive control - 43.0 + 1.0 - 27.6 +0.4° - 39+0.18 -

CV (%) 3.6 7.0 2.9

53 48 050 G 0T 53 48" Cwl 0ld aenloes GPE = [(Gr _ G)/Gc]x100 J s 5 b (Growth Promotion Efficacy) 4 ¢S ow esloX
.Q‘Jﬁfa\:f): u)bl}:‘chO“)w al:f
GPE was calculated based on ‘GPE = [(GT _ GC)/GC] x 100’; where, GPE is growth promotion efficacy, GT is growth
promotion by the treatment group, and GC is growth by the control.
I (Sl gan NN TD o 53 (i 0313 OLE e U5 b oS o la e
YValues of each column followed by the same letter are not significantly different (P < 0.05).
Shre O3l il 53 Laesls o Kla Jalds slae!
*Values are the mean + SD

a\:f= A P. syringae pv. lachrymans J =S gu Cbils 5 5l diy sla el w;bT slalis Sl pwy - Y Ji.::

G ST b5 =D ¢ 8 jlagy 5 s ST jlag = C ol St J 28) dals =B o e J 25 Sl

Fig. 2. Effect of antagonistic isolates on growth promoting efficacy and biocontrol of P. syringae pv.
lachrymansA; negative control, B; positive control, C; antagonist and pathogen treatment, D; ; antagonist
treatment
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Table 6. Effect of antagonistic bacterial strains on P. syringae pv. lachrymans disease incidence expressed as
area under disease progress curves (AUDPC) in cucumber plant and biocontrol efficacy.

Strain Bacterial species AUDPC (%-day)" elfgfli(c)gclg;lg;:;y
BSU390 P. fluorescens 220" 86/9
BSU205 P. putida 350° 791
BSU630 P. fluorescens 558¢ 66/7
BSUI61 P. putida 920° 45/1
BSU391 P. chlororaphis 1335° 20/2

Psl P. syringae pv. lachrymans 1675° -

I (5l e S /D el 53 (i 63l DL e U b ST e Sl
*Values of each column followed by the same letter are not significantly different (P < 0.05).
Y S5 s o, (Biological Control Efficiency) J s s L BCE = [(Dc _ Dp)/Dc]X100 0T ;5 45" Gl ok dwslons Do s iy Ol 50
E) &.& J;.S al:f DT Gl ol )L;.:'-' al:f BE] ‘_;)L;.:: Q‘j:a(GuO et al., 2004) .

Biological control efficacy was calculated according to BCE = [(D¢ _ Dt)/Dc]x100 where D¢ is disease of control and D is
disease of the treatment group (Guo et al., 2004).

100 -
o0 -
80 -
70
= —p—B5LI 301
g 61} =1
= —=—BSU 390
2 50 4
z —i—B5L 161
g 40 4
& BEUG30
= 30 -
b2 ——BSL 205
20 -
—a—control
10 -
D T T T 1

n
(=]

23 35 43

Days after treatment

G ST L (4us (3)) Jls odd Hles glayds (Sole Oljr 5 (e anm ) Sl sl G (sole b0 Y JSC
(Pseudomonas fluorescens BSU390, P. fluorescens BSU630, P. putida BSU205, P. putida el S }f T
Pseudomonas syringae pv. lachrymans o5 5 ¢ ;S L sdd c:.a: &S'l= ;3 BSUI161 and P. chlororaphis BSU391)
J S oyl s 03 )84 (10° cfu/ml) o O sl g 55 b slayds 0d 22T 3 b 5l Cad ST slacs STL
Olej Sde 53 basles Ole (0=0.05) b slis O35 Hls sme 5 0350 Hl5 sme i 5 4 % 305 Ll Hled o 2wl Jbie OT L
s e Ol ) Hles 5 dm

Fig. 3. Bacterial angular leaf spot disease progress (symptom development) expressed as disease incidence on
cucumber cultivar ‘Hedieh’ treated by different antagonistic bacterial strains (Pseudomonas fluorescens
BSU390, P. fluorescens BSU630, P. putida BSU205, P. putida BSU161 and P. chlororaphis BSU391) in
inoculated soil with the Pseudomonas syringae pv. lachrymans. Antagonists were applied by dipping seeds in

aqueous suspensions (10° cfu/ml). Control seeds were treated with water only. ns and * indicate absence and
presence of significant differences (Least Significant Range Test, a = 0.05) among treatments at a particular day
after treatment, respectively.
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Abstract

Fluorescent pseudomonads are important group of plant growth promoting bacteria that can improve the
plant growth and restrict or suppress phytopathogens directly or indirectly. The aim of this study was to obtain
fluorescent pseudomonads with efficient antagonistic activities. For performing this research, a total of 120
bacterial isolates belonging to Pseudomonas fluorescens and P. putida were isolated from different cucumber
rhizospheric soil in Hamedan province. Then, the isolates were screened for their plant growth promoting traits
and antibacterial activity. These isolates also were screened against Pseudomonas syringae pv. lachrymans. So,
five antagonistic strains (BSU390, BSU630, BSU205, BSU161 and BSU391) with inhibition diameter >7 mm
were selected. The range of inhibition diameter for these isolate was 7.66 to 22 mm. Also, during in vivo study,
the strains were evaluated for their effect in suppressing disease development in terms of area under disease
progress curve (AUDPC) and increasing biomass of cucumber. Accordingly, BSU390, BSU205, and BSU630,
showed high biocontrol efficacy. During the sole application, the strains significantly (P < 0.05) increased plant
height and dry matter compared to non-bacterized control. Hence, the study shows that these isolates have
potential use in cucumber bioprotection, as PGPR or in an integrated disease management; whose effectiveness
under a variety of field conditions should be investigated.
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