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Abstract: Aim of present research was to isolate and characterize the Pseudomonas strains phenotypically and
genotypically from the rhizospheric soil of apple orchard at Maggota (Shimla district) Himachal Pradesh. Phenotypic
identification of the test isolates was based on morphological, physiological and biochemical characterization of the
bacteria followed by genotypic analysis using rRNA gene sequencing and RAPD-PCR analysis. The fourteen Pseu-
domonas sp. isolates were screened out for various plant growth promoting activities such as siderophore produc-
tion, antifungal activity, phosphate solubilisation, HCN and ammonia production, production of plant growth regula-
tors and lytic enzymes. Isolates showed production of plant growth regulators (auxins, gibberellins and cytokinins) in
the range of 19.67-83.33ug/ml, 21.00-58.67 pg/ml and 12.33-43.33 pg/ml respectively. Pseudomonas strains
showed phosphate solubilising activity in the range of 12.33-63.33 Pi pg/ml, 53.66-93.44 % SU siderophore produc-
tion and 11.33-96.33mm (diameter) protease activity in plate assay. Five Pseudomonas isolates i.e. An-16-kul, An-1
-mag, An-2-mag, An-3-mag and An-6-mag showed maximum antifungal activity against plant pathogenic fungi.
Therefore, the aim of present investigation was to study multifarious plant growth promoting qualities of Pseudomo-
nas sp. and to select more efficient PGPR strain of fluorescent Pseudomonas sp. which can be further used as bio-
fertilizer.
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INTRODUCTION ture which is steadily increased as it offers amaet
tive way to replace the use of chemical fertilizgrss-
ticides and other supplements. Pseudomonads possess

; ) X many traits that make them well suited as biocdntro
plant growth promoting rhizobacteria (PGPR). The and growth-promoting agents. These include the abil

enhancement of plant growth by many PGPR has beeny to (i) grow rapidlyin vitro and to be mass pro-

utilized for several decades, and the mechanism haauced' (i) rapidly utilize seed and root exudat@;

been extensively studied since the 1990s (Vessey ; - :
2003: Lucy et al., 2004). Plant growth promoting ¢olonize and multiply in the rhizosphere and spesmo

hizobacteri | bacteria that wh led t phere environments and in the interior of the pléwaj
rnizobacteria are soll bacteria that when applie roduce a wide spectrum of bioactive metabolites (i
seeds or roots are able to colonize plant roots an

stimulate plant growthPGPR can exhibit a variety of ntibiotics, siderophores, volatiles, and growtbrpot
characteristics responsible for influencing plarmvgh ing substances); (v) compete aggressively with rothe

. microorganisms; and (vi) adapt to environmental
(Ahmadet al., 2005). PGPR are considered to promote - P~
plant growth directly or indirectly. Indirect effescare stresses (Glick, 1995). In addition, pseudomonads a

; ] N responsible for the natural suppressiveness of some
related to production of metabolites, such as aitib - :
ics, siderophores, or HCN, that decrease the graivth soils to soil borne pathogens (Welktral., 2002). 16S

i . .~ rDNA gene sequencing is a powerful tool that haanbe
phytopathogens and other deleterious MICTOOrganismy e to trace phylogenetic relationships betweeteba

Dlr(\e/\ftth effectlstare de_pendent on tprpduclzuotn Oft .platmria, and to identify bacteria from various sourcas;h

gro reguiators or improvements in piant nUtSeNt o qnyironmental or clinical specimens. |dentifat
uptake (Baiet al., 20.03)' In _the last decad_es research based on the 16S rRNA sequence is of interest Becau
on PGtERthas beenfl.nctreas:;]gbatKaln ever mcr(;aaa;mg " ribosomal SSU exists universally among bacteria and
since the term was Nirst used by MIOEPPer and CIWor ;. qjeg regions with species specific variability,

ers in the late 1970s (Vessey, 2003). This scientif : : : : : :
) X Y which makes it possible to identify bacteria to gee
interest is related to the PGPR potentiality iniadf nus or species level by comparison with databases i
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Root colonizing bacteria, or rhizobacteria, thaeréx
beneficial effects on plant development are defiasd
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the public domain (Vandammet al., 1996). Accord-
ing to the remarkable PGPR characterdsdudomo-
nas sp, therefore in this study we isolateseudomo-
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Lytic enzymes: Protease activity: All Pseudomonas
sp. strains were screened out for proteolytic dgtlwy
well plate assay method on 1% skim milk agar plates

nas sp. from the rhizosphere of apple and its pheno-(Kaur et al., 1989) and proteolysis i.e. clear zone (mm

typic and genotypic identification (16S r RNA and
RAPD). It was further investigated for its possible
plant growth promoting traits.

MATERIALS AND METHODS

Isolation and screening of fluorescenPseudomonas
strains: Bacteria isolated from the rhizospheric soil of
apple orchard at Maggota (Shimla district), roansa

dia.) produced around the well was observed. The pr
teinase liquid assay was based on casein digestidn
employed in five minute assay time period. The icase
substrate was 2% solution in 0.05M Tris buffers(tri
hydroxyl methylaminomethane), pH 8.0. One millilite
of substrate solution was incubated at 37°C with 1m
of enzyme dilution in same Tris buffer (0.05M) for
minutes. The mixture was then precipitated with I3 m

ples were shaken vigorously to remove loosely adherof 5%TCA (trichloroacetic acid). The unit of activi

ing soil and 4.5 ml of sterile physiological wateas
added to 0.5 g of rhizospheric soil and the mixtas
shaken at 120 rpm for 2 min. Serial ten-fold ddas
were prepared from the extract and 0.1 ml of edlch d
tion was seeded onto King’'s B medium (Kingsal.,

was defined as hydrolysis of one equivalent miligr
of protein (casein) per milliliter of enzyme pernuaie
under standard assay conditions.

Screening of isolates for the production plant
growth regulators (PGRS): Pseudomonas sp. isolated

1954), supplemented with 100 pg/ml of cycloheximide from the rhizosphere soil of apple orchards were

to suppress fungi. After 28 + 2°C for 48 h incubati
well separated individual colonies with yellow gnee

screened out for the production of plant growthutag
tors viz., auxins, gibberellins and cytokinins. Qtitza-

and bluewhite pigments were marked and detected bytive estimation of auxins was done by colorimetric

viewing under UV light.All isolates of fluorescent
Pseudomonas sp. were morphologically i.e. colony

method (Gordon and Weber, 1951) with slight modifi-
cations i.e. 2 to 3 drops of orthophosphoric acabw

morphology and biochemically characterized for Gramadded to 2 ml supernatant and 4 ml of salper reg@en

staining, spore staining, catalase, oxidase, dfcdtr
tion, gelatin liquification test, lecithinase adtyy ar-
ginine hydrolysis and growth at 4°C, 25°C, 37 °d an
41°C (Aneja,2003)

Plant growth promoting potential of isolates of flwo-
rescent Pseudomonas species for multifarious ac-
tivities: All the fluorescentPseudomonas sp. were
characterized for plant growth promoting activities
viz,, phosphate solubilizing activity, siderophore activ-
ity, production of HCN, ammonia, hydrolytic enzymes
plant growth regulators (auxins, gibberellins agtbe
kinins) and antifungal activity .

Detection of phosphate solubilizing activity:Bacte-
rial isolates were screened on Pikovskaya's agaegl
for phosphate solubilization index with known ambun
of inert phosphorus (G4dPQy),) (Pikovskaya's, 1948).
Phosphate solubilisation was expressed in termsnof
diameter of yellow colored zone produced around.wel
Quantitative analysis ofolubilization of tricalcium

ml of 0.5 M FeC} in 50 ml of 30 % HCIQ freshly
prepared). The gibberellins were estimated caldrime
cally by the method of (Holbroodt al., 1961). Radish
cotyledons expansion bioassay test was employed
(Letham, 1971) for estimation of cytokinins likebsu
stances the radish see@®@ghanus sativus L. cultivars
Japanese white) were germinated in total darkrass f
48 h at 28° C.

In vitro antifungal activity: Antifungal activity of
each test strain d?seudomonas species isolate against
different indicator fungal pathogensz., Alternaria
solani, Dematophora necatrix, Fusarium oxysporum,
and Pythium ultimum checked by well plate assay
method (Vincent, 1947).

Genotypic characterization of Pseudomonas sp.
Isolates: Nine isolates fluorescerfPseudomonas sp.
viz, Pn-13-San, An-16-kul, An-1-Mag, An-2-Mag, An
-3-Mag, An-5-Mag, An-6-Mag, Ar-3-Mag and An-6-
Shr were selected on the basis of overall planivtiro

phosphate in liquid medium was made as described bpromoting and disease suppressing activities feir th
Bray and Kartz (1945). The absorbance of the dgvelo genotypic characterization which was done by two
ing blue color was read at 600 nm. The amount ofmnethods: a). 16S rRNA-PCR and DNA sequencing
soluble phosphorus was detected from standard curv@nd b). Random Amplification Polymorphic DNA-

of Potassium dihydrogen orthophosphate {R&,;).
Siderophore activity: Siderophore production was
tested by growingPseudomonas sp. in the universal

PCR (RAPD-PCR).
Molecular characterization of fluorescent Pseudo-
monas sp. by 16S rRNA technique:Genomic Deoxy-

siderophore detection medium CAS agar (Schwyarfibonucleic acid (DNA) was extracted with DNA isela

and Neilands, 1987)
HCN and Ammonia production: For the production
of hydrogen cyanide (HCN), tHeseudomonas sp. was

tion kit (Bangalore GeNei), and the 16S rDNA gene
was amplified by PCR using the set of primers FP 1
(GGTCTGAGAGGATGATCAGT) and RP 1

screened out according to Baker and Schippers 198 ATTAGCTCCACCTCGCGGC) in MJ Mini BIORAD
and ammonia production was detected by the methodersonal thermal cycler-100 (PTC-100). The PCR am-

given by Lata and Saxena (2003).

plification was carried out in MJ Mini BIORAD per-



Kumari Manoramaet al./ J. Appl. & Nat. Sci. 7 (2): 893 - 902 (2015) 895

sonal thermal cycler-100 (PTC-100) with a tota3s6f  (Table 1). In biochemical characterization (Tab)e 2
cycles. Amplification was as follows: denaturatian  all isolates were found to be gram negative rods wi
94°C for 1 min, annealing at 55°C for 2 min, anonel  no ability to form endospores and all the isolatese
gation at 72°C for 2min. For DNA sequencing, eluted found to be positive for catalase and oxidase .tédts
amplified DNA products of two selecté&$eudomonas isolates were negative for indole, methyl red amd V
sp. (Pn-13-San and An-16-Kul) was first purified-fo ges-Proskaur negative and positive for citrate &kt
lowed by sequencing in Bioserve Private limited Pseudomonas isolates showed aerobic growth. Out of
(Hyderabad, India). Similarity searches of the Gatkb  fourteen isolates, nine isolates showed growth’@t 4
database were performed with BLAST (Widnetal., and other five isolates shown growth at 41°C.In
1998). physiological characterization (Table 3), all itela
Random Amplified Polymorphic DNA-PCR (RAPD were found to liquefy gelatin and have the abitiby
-PCR): Amplification of genomic DNA was carried produce gas (cracking of agar medium). Out of four-
out using four random 10-mer oligonucleotide prisner teen isolates only seven gave opaque zone around
OPA-05, OPA-06, OPA-07 and OPA-08 (M/S Operon growth of bacteria in lecithinase test. Ten isdate
Tech. Inc., Alameda, USA) in MJ Mini BIO-RAD showed presence of chitinase as showing chitin hy-
personal thermal cycler-100 (PTC-100) (Altscratil  drolysis on chitin agar plate. All isolates proddickark

al., 1990). brown to orange brown color in arginine hydrolysis
The amplified DNA was viewed under the UV trans- showed positive results. All isolates showed calfur
morphological similarities witiPseudomonas sp. that

Primers used

Sequence 5> 3’ was also observed by Shareial., (2014).
OPA-05 AGGGGTCTTG Plant growth promoting attributes of fluorescent
OPA-06 GGTCCCTGAC Pseudomonas sp.
OPA-07 GAAACGGGTG Phosphate solubilization assayAll the strains are
OPA-08 GTGACGTAGG identified as potential phosphate solubilizer basad

their capacity to solubilize tricalcium phosphata]
illuminator and the image was taken through BIO- (PO4)2] by the formation of clear halo zone on me-
RAD gel documentation system XR using quantity onedjum. Maximum phosphate solubilization was ex-
software and saved in computer. pressed byPseudomonas isolates on Pikovskaya agar
RAPD analysis: The amplified products of seven se- pate in the range 14.33-21.33 mm diameter by ferma
lected isolates Pn-13-San, An-16-Kul, Ar-3-Mag, An-  tjon of yellow zone on Pikovskaya’'s agar medium by
-Mag, An-2-Mag, An-5-Mag and An-6-ShPseudo-  10Qul of 72h old supernatant of culture (Table 4) The
monas sp. isolates were scored with four primers for apility of bacteria to solubilize mineral phosplsates
the presence and absence of bands. Presence wfan aseen shown of interest to agricultural microbiotigi
plified product was designated as ‘1’ and absen&s W s it can enhance the availability of phosphorus an
marked as ‘0'. A pair wise similarity matrix wasreo jron for plant growth. Gopalakrishananal. (2011)
structed by using dice similarity index. NTSYS-pc, reported that free living P-solubilizing bacteriease
version 2.02 (Numerical Taxonomy System, Exeterphosphate from spare soluble inorganic and organic
Software) was used to perform cluster analysishef t phosphate compounds in soil and so contribute 4o in
Complete RAPD data. Molecular Welghts of ampllfled crease available phosphate for the p|ants_

bands of allPseudomonas sp. isolates under study sjderophores production assay:Almost all the iso-
were analyzed by using quantity one. lates showed production of siderophores which was
Statistical analysis:Experiments were analyzed under estimated by Chrome Azurol S blue agar (CAS) plate
completely randomized (CRD) design with three repli assay and liquid assay. Fourteen isolateRsafidomo-

cations. Statistical significance of the data weted nas sp. showed yellow to orange coloured zone in the
mined using analysis of variance (ANOVA). range of 12.33-13.67 mm diameter followed by an-
RESULTS AND DISCUSSION other isolates which showed slightly less produrctio

i.e. 10.00-11.67 mm diameter of pinkish or orange
Morphological, physiological and biochemical char- zone on Chrome Azurol S blue agar plates.
acteristics of bacterial isolatesAll the selected four-  Siderophore production was also quantified by tiqui
teen isolates from the rhizosphere of apple wesedo assay in terms of reduction in blue color as percen
to be fluorescent, with transparent colonies (wfeg  siderophore units (% SU). All the isolates showed
to circular colonies with entire edge and flat eligon maximum production of siderophore units in the mng
on nutrient agar plate), pigmented (bluish andoyell  of 56.44- 93.44%. Two isolates An-4-Mag and An-6-
ish pigmentation on King’'s B agar), The pigment-pro Mag are the high producers of siderophore activity
duced by the bacterial isolate Pn-13-San was fhiore the range of 80.94 and 93.44% (Table 4). Chaibam
cent green and An-16-kul, An-3-cha, An-6-shr and An al., (2009) reported that siderophore producing micro-
3-Mag were bluish green while rest of the isolqies organisms suppress some soil borne fungal pathogens
duced yellow green pigment on King’s B medium through direct role of siderophore-mediated iromeo
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Table 1.Morphological colony characterization of differésplates of fluorescemseudomonas sp.

Pseudomonas Colony Morpholoagy Pigment /
Isolates Form Elevation  Margin Opacity Surface Fluorescence
Pn-13-San Irregular Flat Entire Transparent SmoothFluorescent green
An-16-Kul Irregular Flat Entire Transparent Smooth  Bluish green
An-3-Cha Irregular Flat Entire Transparent Smooth luidh green
An-6-Shr Irregular Flat Entire Transparent Smooth luigh green
An-1-Mag Irregular Flat Entire Transparent Smooth ellofw green
An-2-Mag Irregular Flat Entire Transparent Smooth ellofw green
An-3-Mag Irregular Flat Entire Transparent Smooth luigh green
An-4-Mag Irregular Flat Entire Transparent Smooth elldlwv green
An-5-Mag Irregular Flat Entire Transparent Smooth ellofw green
An-6-Mag Irregular Flat Entire Transparent Smooth ellofw green
An-7-Mag Irregular Flat Entire Transparent Smooth ellofw green
Ar-3-Mag Irregular Flat Entire Transparent Smooth ellyw green
Ar-4-Mag Irregular Flat Entire Transparent Smooth ellyw green
Ar-5-Mag Irregular Flat Entire Transparent Smooth ellyw green
petition in the biocontrol ability. ins was shown by fouPseudomonas isolates An-3-

Protease activity: The production of proteolytic en- Cha, Pn-13-San, An-6-Shr and An-3-Mag in the range
zyme in 72 h old culture supernatant was detecied b of 62.33-83.331g/ml followed by two isolates i.e. An-
using 1% skim milk agar. Enzyme activity was ex- 1-Mag and An-4-Mag in the range of 52-57,8¢ml.
pressed in terms of mm diameter of clear zone pro-Out of fourteen, seven isolates i.e. An-16-Kul,-#n
duced around bit/well at 28+2°C after 48 h of irmub Mag, Pn-13-San, An-1-Mag, An-5-Mag, An-6-Shr and
tion. The presence of proteolytic activity was show An-6-Mag showed maximum production of gibberel-
by almost all the isolates &seudomonas sp. from the  lins in (50.33-58.67)ug/ml range followed by three
rhizosphere of apple growing in normal and replantisolates An-2-Mag, An-7-Mag and An-3-Mag i.e. in
sites in the range of 12-16 mm diameter of clearezo the range of 32.67-46.6ig/ml for gibberellins pro-
(Table 4). duction. Cytokinins production by all isolatesRsdeu-
Production of HCN and Ammonia: Isolates ofPseu- domonas sp. was measured indirectly by radish cotyle-
domonas sp. showed HCN production on King’s B dons bioassay. Maximum production of cytokinins
medium amended with glycine. Out of fourteen iso- (30.67-43.38g/ml) was detected in folRrseudomonas
lates of Pseudomonas sp. maximum production of isolates An-3-Cha, An-5-Mag, An-4-Mag and An-3-
HCN (+++) was shown by five isolates An-16-Kul, An Mag. Production of IAA by PGPR generally affects
-3-Cha, An-6-Shr, An-3-Mag and An-6-Mag followed the root system, increasing the size and numbeadef
by six isolates i.e. Pn-13-San, An-1-Mag, An-2-Mag, ventitious roots and also the root subdivision,bding
An-4-Mag. The production of ammonia in peptone a bigger soil amount to be exploited by the rotitas
water after inoculation with test isolates and etion providing large amounts of nutrients accessibl¢hto
for four days at 28% was observed by using plant (Ribeiro and Cardoso, 2011). However, IAA
Nessler’s reagent. Color change in the broth talfies production by PGPR can vary among different species
growth from yellow to brown after addition of Nes- and strains, and it is also influenced by culturadi-
seler’s reagent showed presence of ammonia that wa#on, growth stage and substrate availability (@&hgt
soluble in the media. Out of fourteen, eight isedate.  al., 2001).

Pn-13-San, An-3-Cha, An-6-Shr, An-1-Mag, An-2- Antifungal activities: All isolates of Pseudomonas
Mag, An-4-Mag, An-6-Mag and Ar-3-Mag showed species showed antifungal activity against oneher t
maximum production of ammonia (+++) while other other plant pathogenic fungi. Overall antifungaliac
isolates showed slightly less production of ammoniaity againstAlternaria solani has shown by nine isolates
(++) (Table 4). Cyanide acts as a general metaboli out of fourteen isolates of fluoresceRseudomonas
inhibitor to avoid predation or competition. Raneet species in the range of 16.25 to 31.25% inhibitiben

al. (2003) reported that microbial production of HCN isolates of fluorescenPseudomonas sp. have shown
has been as an important antifungal feature torabnt antifungal activity against plant pathogdédemato-
root fungi pathogen. The host plants are generally  phora necatrix in the range of 9.33 to 22.6 %l. The
harmfully affected by inoculation with HCN produc- maximum percent growth inhibition was shown by two
tion bacteria and host specific rhizobacteria cparo  isolates i.e.An-6-Shr and An-6-Mag which was in the
ate as biological control agents. range of 20.00-22.6 %l followed by three isolates A
Production of PGRs: The result showed that all the -Mag, An-3-Cha and An-7-Mag in the range of 16.00-
strains ofPseudomonas species produce plant growth 17.33 %l. Only eight of the isolates of fluorescent
regulators (Table 4). The maximum production of-aux Pseudomonas as well asirom normal site of apple at



Table 2Biochemical characterization of different isolaté$lworescentPseudomonas sp.

Growth (°C)

25°C

O/F Starch hy-

Voges Citrate

Proskaur

Methyl
red

Indole

production

Catalase Gram Spore
(effervescence) staining

Oxidase

Pseudomonas

drolysis

Staining

(blue
color)

Isolates

41°C

37°C

4°C

+/-

FT-15-Sdll
An-16-Kul
An-3-Cha

+-

+

+-

+-

An-6-Shr
An-1-Mag
An-2-Mag
An-3-Mag
An-4-Mag
An-5-Mag
An-6-Mag
An-7-Mag
Ar-3-Mag
Ar-4-Mag

Ar-5-Mag
(-) Indicates negativity of test (+) indicates pivdy of test

+-
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+-

+/-

+/-

+/-

+/-

+/-

+/-

+-

+-

Maggota showed antifungal activity agaif&tsarium
oxysporum in the range of 10.7-27.6 % of mycelial
growth. The maximum percent growth inhibition
(23.07-27.6 %l) was shown by two isolates i.e. Ba-1
San and An-3-Mag followed by isolate An-6-Mag i.e.
(18.4 %l).Ten isolates of fluorescdPgeudomonas sp.

out of fourteen showed antifungal activity agaiRgt
thium ultimum in the range of 5.71-22.8 % inhibition
of mycelial growth on malt extract agar (MEA) plate
after 5 days of incubation at 2%% The maximum
percent inhibition of mycelial growth was shown by
An-16-Kul (22.81 %l) followed by five other isolate
i.e. An-3-Cha, An-4-Mag, An-6-Mag, An-3-Mag and
An-6-Shr in the range of 14.28-17.14 %l. Overall al
the fourteen isolates showed antifungal activitgiast

one or other species each of fungal pathogen. Five
isolates showed broad range of antifungal actiaisy
inhibited all the four tested fungal pathogen. Amti

gal activities ofP. fluorescence against phytopatho-
genic fungi were screened out by Shalini and
Srivastava (2008). Secondary metabolites produged b
fluorescent pseudomonads have been reported antifun
gal activity inhibitingRhizoctonia solani (Mina et al.,
2013). It is evident from the present studies tihat
fluorescent pseudomonads under investigation are ca
pable of producing plant growth promoting substance
and antifungal substances. Hence they are potential
candidates for the development of bioinoculants for
crop plants.

Molecular characterization

16S rRNA sequencing:Using the universal primer
set, DNA fragment of the 16S rDNA gene was ampli-
fied by PCR. The PCR amplified 16S rDNA region
was sequenced and sequence data were analyzed by
BLAST and the nearest match from the GenBank data
was reported. DNA sequencing and phylogenetic
analysis revealed that strain Pn-13-San showed 99%
homology with Pseudomonas aeruginosa M18 with
accession number (NC_017548.1), and An-16-Kul the
isolate An-16-Kul showed 99% homology wiltseu-
domonas aeruginosa PAO1 with accession number
(NC_002516.2) andPseudomonas aeruginosa DK2
with accession number NC_018080.1. Similarity
searches of the GenBank database were performed
with BLAST. The following sequences &seudomo-

nas sp. isolate Pn-13-San and An-16-kul with universal
primers:

Pn-13-San sequences
CTTGGAACTGAGACCGGTCCA-
GACTCCTACGGGAGGCAGCAGTGGGGAATATTGGA
CAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTG
TGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAG
TTGGGAGGAAGGGCAGTAAGTTAATACCTTGCTGTT
TTGACGTTACCAACAGAATAAGCACCGGCTAACTTC
GTGCCATCAGCCGCGGTAATACGAAGGGTGCAAGC
GTTAATCGGAATTACTGGGCGTAAAGCGCGCGTAG
GTGGTTCAGCAAGTTGGATGTGAAATCCCCGGGCTC
AACCTGGGAACTGCATCCAAAACTACTGAGCTAGA
GTACGTTAGAGGGTGGTGGAATTTCATGTGAAGTG
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Table 3.Physiological characterization of different isotat# fluorescenPseudomonas sp.
Pseudomonas Denitrification * Gelatin® Lecithinase®  Chitinase’ Arginine”
Isolates (gas production) liguification (opaque zone) (Clear zone) Hydrolysis
Pn-13-San + + - + T+
An-16-Kul + + - + 4+
An-3-cha + + - + F++
An-6-shr + + - + F++
An-1-Mag + + + - ++
An-2-Mag + + + + ++
An-3-Mag + + - + ++
An-4-Mag + + + + +
An-5-Mag + + + + +
An-6-Mag + + + + ++
An-7-Mag + + - + +
Ar-3-Mag + + + - +
Ar-4-Mag + + + - ++
Ar-5-Mag + + - - +

!Denitrification test expressed positive(+) in terofigias production and cracking of agar medium.

%Gelatin test expressed positive(+) in terms ofifigation of gelatin.

3Lecithinase test expressed positive(+) in termspafque zone produced around the growth of streladeigrial culture.
“Chitinase test expressed positive(+) in terms afrctene on chitin agar.

®Arginine test expressed positive(+) in terms obe@hange of culture broth from dark brown to oebgown.

GTGAAATGCGAATAAATAGGAACGAACACCAGTTG
CGGGGCGGTAAGGGAAATTGATGGGACACTGACCT
TTCAATCCTGTTCCTTTTCTTGACTAAATACCAAGGT
ATTCCTCCGCCCTAATGATTTCTTTTCCCGTTACGCT
ATTTATAGATCATTTTTTCCCATCCATCGAAAACTG
CAAACCACCCAGGTGCGTAATAGTCGCCAGGTCTTT
CTCTCCATATTTTTTTTATATATATCTCTTTACCACC
CCCTGGCTCTCTGATCGTTTCCATGTATATATTTCAC
CGTGAAAACGTTTGACCCTACGCCGAGGATGTAAA
AAAATTACTCTCACAAAAAG

An-16-Kul sequences
CGGGGAAAGTAAGACCGGTCCAGACTCCTACGG-
GAGGCAGCAGTGGGGAATATTGGACAATGGGCGAA
AGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGG
TCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAG
GGCAGTAAGTTAATACCTTGCTGTTTTGACGTTACC
AACAGAATAAGCACCGGCTAACTTCGTGCCAGCAG
CCGCGGTAATACGAAGGGTGCAAGCGTTAATCGGA
ATTACTGGGCGTAAAGCGCGCGTAGGTGGTTCAGC
AAGTTGGATGTGAAATCCCCGGGCTCAACCTGGGA
ACTGCATCCAAAACTACTGAGCTAGAGTACGGTAG
AGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGC
GTAGATATAGGAAGGAACACCAGTGGCGAAGGCGA
CCACCTGGACTGATACTGACACTGAGGTGCGAAAG
CGTGGGGAGCAAACAGGATTAGATACCCTGGTAGT
CCACGCCGTAATCGATGTCCACTATCCGTTGGGATC
CTTGAGATCTTATTGGCGCAGCTCACGCGATAAGTC
GACCGCCTGGGGGAGTACGGCCGCATGGTTCAAAC
TTATATGTATTGACAGGTGCCCGCCCACCTCGGTGT
AGCATGTGGTTTATATTAAATTCGCCGCGAAAAACC
TTAAATGGACTTTACATGTATATACTTACCCATAGA
AGCTTTTGAGATTTGGGGTATTCTCACTTAAGGTGG
CTGTATGACTGCACACAAGATCTCGACATCATAATA
GTGGCCTAGCTCTCCACTTCCTGCTCAACCCTTGGA
AAATGTGTGTCGCTCTCTCTCCTCAT

Random amplified polymorphic DNA-PCR analysis
(RAPD-PCR): All the selectedPseudomonas sp. iso-
lates were used for amplification of genomic DNA
using RAPD primers (OPA series).The RAPD

(Random Amplified Polymorphic DNA) profiles of
seven strains dPseudomonas sp. with four random 10
-base oligonucleotide primers: OPA-05, OPA-06, OPA
-07 and OPA-08.The primer OPA-05 amplified ge-
nomic DNA of only one strain d?’seudomonasi.e., Ar
-3-Mag and generated 4 reproducible DNA fragments
ranging from 200 to 1000bp. All the amplified bands
with primer OPA-05 were found to be polymorphic.
With primer OPA-06, there is no amplification of
Pseudomonas strains. The primer OPA-07, amplified
genomic DNA of three strains &seudomonasi.e., Ar
-3-Mag, Pn-13-San and An-1-Mag and generated 3
reproducible DNA fragments ranging from 200 to
500bp. All the amplified bands with primer OPA-07
were found to be polymorphic. The primer OPA-08
amplified the genomic DNA of only one strain of
Pseudomonas i.e., An-5-Mag and generated 3 repro-
ducible DNA fragments ranging from 100 to 400bp.
All the amplified bands with primer OPA-08 were
found to be polymorphic (Tables 6 and 7). The dendr
gram analysis showed that all the seven isolatakico
be categorized into 2 distinct clusters. Group ome
cludes An-3-Mag and group two was further divided
into two subgroups group 2a which include Pn-13-San
and group 2b which include An-6-Mag, An-1-Mag, An
-2-Mag, An-16-kul and An-6-Shr (Fig 1). PCR-RAPDs
has proved to be a very efficient tool to definaisis
within the same bacterial species (Gutierrez Ma@ero
al., 2002; Lucas Garcieat al., 2001). The international
Committee for Bacterial Systematic determined that
30% divergence in DNA estimated by DNA hybridiza-
tion defines the taxonomic range of bacterial sgp&ci
while divergences of 40-50% define bacterial genera
The arrangement obtained by PCR-RAPDs and UP-
GMA and Pearson coefficient may be understood as



Table 4. Potential of fluorescer®seudomonas isolates for production of multifarious PGP actast

PGP Activities

Proteolytic

Plant Growth regulators (ng/ml)

HCN

Ammonia

Siderophores

Phosphate
Solubilization

Change of color (yellow to
brown)

Pseudomonas
isolates

Auxins Gibberellins Cytokinins

paper strip

Culture

Orange/pinkish %SU Clear zone

Available

Yellow zone

broth

(mm dia.)

18) at Aszo

(Ar =

(mm dia.)

(Pi pg/ml)

(mm dia.)

23.00
22.67
30.67
23.00
15.00
13.67

43.33

52.33
50.33
48.33

73.67
26.33
62.33
74.33
52.00

++
34.00

4+

13.67
13.67
14.67

62.05(62.05)
58.16(58.49)

11.33
13.00
13.00
13.30
11.33
11.33
13.67
11.00
13.67
12.67
12.33
11.67
10.33
10.00

0.12

23.00
20.67

20.33
17.00
19.67
21.33
15.33
18.33
18.00
17.67
14.33
17.67

Pn-13-San
An-16-Kul
An-3-Cha

+++
+++
+++
++
++
+++
++
++
+++

++
+4++
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58.11(57.88)
63.94(63.12)

36.33
52.33
31.00
42.67

54.67

+++
+++
+

13.33
14.33
13.33
12.67
14.67
14.67
13.67

An-6-Shr

52.33
32.67

56.77(56.57)
65.38(65.31)
59.94(59.87)

An-1-Mag
An-2-Mag
An-3-Mag
An-4-Mag
An-5-Mag
An-6-Mag
An-7-Mag
Ar-3-Mag
Ar-4-Mag
Ar-5-Mag

++

36.67
32.67
26.67
15.67
25.63
12.33
15.33

2.81

51.33

46.67
52.67

83.33
57.33
33.33
35.33
36.67
23.67
19.67
22.00
3.09

+++

80.94(90.79)

22.33
52.67
26.33
63.33

++

+++
++

+++

56.44(57.40)
93.44(93.45)

58.67

34.33

16.00
11.33
14.33

58.55(58.70)
60.11(61.57)
53.66(52.60)
56.05(55.27)

2.58

32.00

13.33
15.00
12.33

3.32

17.00
20.67

26.67
21.00
22.67
3.04

++

15.00
16.67
2.37

++

12.00

3.84

CD_05

899

genetic distances obtained by nucleotide subsiitsti
(Clark and Lanigan, 1993; Nei and Miller, 1990). Mo
lecular diversity of ten isolates was analyzed PR
-PCR.

Conclusion

The world over is changing from inorganic conven-
tional farming towards organic ecofriendly farming
methods. This not only requires the isolation afifi
oculants with high potential for use as bioferélig but
also several other factors right from approprigiplia
cation procedures to correct marketing practices al
being economically cheaper. These results provad th
plant growth activities produced by Pseudomonas spe
cies could also play a critical role in plant grovgtro-
motion. The fluorescenPseudomonas strains Pn-13-
san and An-16-Kul isolated from apple rhizosphere
have possible potential for the plant growth praorot
under field condition due to their multifarious pta
growth promoting traits. However, the new techngue
recently developed over tremendous potential for im
proving our understanding of the traits that are in
volved in the root colonization process, and alsm p
vides information on the life of the inoculated FGR

the rhizosphere.
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Fig. 1. Phylogenetic tree of Pseudomonas isolates from apple in replant and normal site of orchard at Maggota (Jubbal) with
RAPD primers.

Table. 6. Total number of amplified fragments and number @homorphic and polymorphic fragments generated®GiR
using 4 random decamer oligonucleotide primers.

Total number of

Total number of Total number of

S.N. Primer name amplified bands monomorphic am- polymorphic
plified bands
1 OPA-05 (AGGGGTCTTG) 4 0 4
2 OPA-06 (GGTCCCTGAC) 0 0 0
3 OPA-07 (GAAACGGGTG) 5 0 3
4 OPA-08 (GTGACGTAGG) 3 0 3
TOTAL 12 0 -

Table 7. Similarity matrix showing relationship amoRgeudomonas sp. isolates from the rhizosphere of apple at M&gygo

Ar-3-Mag An-6-Mag An-1-Mag An-2-Mag An-6-Shr Pn-13-San An-16-Kul

1.0000000

0.1538462 1.0000000

0.1538462 1.0000000 1.0000000

0.3076923 0.8461538 0.8461538 1.0000000

0.3076923 0.8461538 0.8461538 1.0000000 1.0000000
0.1538462 0.6923077 0.6923077 0.8461538 0.8461538.0000000

0.3076923 0.8461538 0.8461538 1.0000000 1.0000000.8460538 1.0000000
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