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ABSTRACT 
 
         Plant growth promoting rhizobacteria (PGPR)  stimulate plant growth through one or more  
mechanisms,  either directly  by supplying  plant  to  phytohormones, phosphate solubilization, nitrogen 
fixation and siderophores production or indirectly protecting plant from phytopathogens through 
antagonistic mechanisms or generating Induced systemic resistance (ISR)  in host  plants. Induced 
resistance is a Physiological "state of enhanced defensive capacity" elicited by PGPR. The total 
microbial flora, actinomycetes, spore forming bacteria and fluorescent Pseudomonas were isolated on 
the nutrient agar medium, then were selected on specific four selective media (SD medium for Serrattia 
sp, King's B medium for Pseudomonas sp, Yeast extract glucose agar medium for Bacillus sp and 
Glycerol nitrate agar medium for actinomycetes. Seventy five isolates were belonging to bacilli like 
shape which represented by 38.6%.Fluorescent Pseudomonas was 14 isolates with 24.5%. Serrattia sp 
were 11 isolates which represented 17.5%.  Actinomycetes were 10 isolates with 14.3% of total one. 
Out of 57 bacterial isolates, there was 34 isolates have the ability to produce IAA while, HCN producing 
isolates were 25 isolates. Thirty six isolates were considered as P-solubilizing and siderophore 
producing isolates. The potassium solubilization isolates were the highest number, being 46 isolates. 
Only 10 isolates were considered HCN and siderophore producers. Out of fourteen fluorescent 
pseudomonads, 12 isolates can produce siderophore and were considered K- solubilizers while, 7 
isolates have the ability to produce HCN. From the eleven Serrattia isolates, 9 isolates were able to 
produce siderophore while, only 3 isolates were considered P. solubilizers .PGPR isolates, multi-locus 
sequence typing assays (MLST assays) were carried out.  The presence of the Hgene sequence in the 
genome of PGPR isolates suggested the original assignment of this isolates to the species Ps. putida, B. 
megaterium, B. circulansand S. marcescen based on Hgene classification was correct. These analyses 
confirmed that the gene products of HB3267 exhibited the highest identity with the gene products of 
several PGPR isolates. Phylogenetically, sequence comparison confirmed that PGPR isolates closest 
Hgene genetic homologues all belong to the Ps. putida, B. megaterium, B. circulansand S. marcescen.  
 
Key words: Actinomycetes, Bacillus, PGPR, siderophores, phytohormones, HCN, Serratia, 

Pseudomonads, H gene 

 
Introduction 
 

PGPR stimulate plant growth through one or more  mechanisms,  either directly  by supplying  
plant  to  phytohormones, phosphate solubilization,  nitrogen  fixation and siderophores production or 
indirectly protecting plant from  phytopathogens through  antagonistic mechanisms or generating 
Induced systemic resistance (ISR)  in host  plants. Induced resistance is a Physiological "state of 
enhanced defensive capacity" elicited by plant growth promoting rhizobacteria (PGPR) (Zamioudis and 
Pieterse, 2012). To elicit the ISR in plants against pathogen, both biotic and abiotic agents have been 
effectively utilized (Akram and Anjum, 2011). For prolonged times, ISR has been effectively applied 
for increasing plant defense in greenhouse and field states (Yang et al., 2011). The heat-shock response 
is an important homeostatic mechanism that enables cells to survive a variety of environmental stresses. 
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A set of heat-shock proteins, also known aschaperonins, are induced when cells are exposed to higher 
temperatures. This phenomenon has been observed in all organisms, from bacteria and fungi to plants 
and animals. Heat-shock proteins appear to be constituents of the cellular machinery of protein folding, 
degradation and repair (Feltham and Gierasch, 2000). These bacterial molecular chaperones play an 
important role in normal growth by mediating the folding and/or assembly of different polypeptides, as 
well as the transport of some secretory proteins across membranes. For successful reactivation and 
assembly of some proteins, GroEL requires the presence of another heat-shock protein, GroES. The 
general properties of the heat-shock response of P. aeruginosa have been characterized; synthesis of at 
least 17 proteins, including DnaK and GroEL, is transiently induced by an increase in cell temperature. 
As the groES and groELgenes of P. aeruginosa have now been cloned and their nucleotide sequences 
determined (Fujita et al., 1998).Developed a novel PCR assay for detection of Pseudomonas spp. from 
the sputum of patients (Clarke et al., 2003) and Haba Abdel Aziz, 2018) from Banana compost, soil 
and waste water with CF by employing conserved primer regions of the groEheat-shock protein domain 
gene. The current study aimed to Isolation, characterization, and evaluation of multi-trait plant growth 
promoting rhizobacteria for their growth promoting (PGPR) from soil rhizosphere soil infected potato 
plants. 
 
Materials and Methods 
 
Isolation, purification and identification of the most potent PGBR: 
 
Soil collection: 
 

Rhizosphere soil samples under cultivated potato crops were collected from different locations; 
Zagazig, Hehia, Abu-Kabir and Fakous belong to El-Sharkia Governorate. One kilogram of each soil 
sample was collected at October 2016 by sterilized hand corer at depth of 15 cm from different regions, 
in clean plastic bags. The soil was sterilized (5% formalin). The soil was of clay-loam texture with pH 
7.84, organic matter 2.02%, total nitrogen 0.11%, total phosphorus 0.12% and 18.2 mg/100g of 
available P. The collected samples were transferred to the microbiology Lab. Agric. Microbiology. 
Dept. Fac. of Agri. Ain Shams Univ. and kept in refrigerator till used. The sampling process that was 
applied in existence cultivated soil was aptness sampling combined with a plant prosperity level that 
was founded on the natural manifestation of the plants. Plants were classified on three scales: 0= 
wilted/pale yellow leaves, 1= wilted/green leaves and 2= not wilted/green leaves. Only those with a 
healthy appearance of no wilt and green leaves (level 2) were selected. This sampling method was 
selected so as to reduce damage to crops and raise the effectiveness of sampling profitable bacteria 
communities (Johnson et al., 1960). The mineral contents were determined in potato plants, nitrogen 
phosphorus and potassium contents (mg plant-1) were determined according to Jakson (1973). Iron, 
zinc and manganis were determined according to Allen et al. (1982). 
 
Enrichment Media for samples incubation: 
 

One gram of root material for each sample was rinsed with 2ml sterile distilled water and 
transferred in 9ml phosphate-buffer saline solution, followed by vortex mixing. Subsequently, 1ml of 
the mixture was transferred into 9ml of both nutrient enrichment media (combined carbon medium) 
(Bashan et al., 1993) and synthetic malate medium (SM) (Reinhold et al., 1986). The mixtures were 
incubated at 30°C for 14 days. 
 
Isolation of Rhizosphere bacteria: 
 

Rhizosphere bacteria were isolated and enumerated on nutrient agar medium. The PGPB were 
selected on their selective media; Yeast Extract Glucose agar medium was used for growth and 
maintenance of Bacillus sp (Maunder, 1970), Pseudomona ssp on King's B medium (King et al., 1954), 
whereas SD medium for Serratiasp (Gibson and Friedman, 1978) and actinomycetes on glycerol nitrate 
agar medium (Waksman, 1961). The King' B medium was prepared of42.23 grams of dehydrated 
medium which was suspended in 1000 ml distilled water containing 15 ml of glycerol and heat to boiling 
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to dissolve the medium completely then mix well and sterilize by autoclaving. The SD medium was 
prepared as a base solution (solution A) to which inhibitor and indicator were added and a carbohydrate 
solution (solution B) according to King et al. (1954). 
 
Medium base (solution A) was prepared as follows: 
 

Yeast extract 1g, L-ornithine 1g, NaCl 0.5 g and agar 0.4 g were added to 90 ml of distilled water 
and heated to boiling. One milliliter of stock inhibitor and 1ml of stock indicator were added, and the 
pH was adjusted to 6.7 with 1 N NaOH. Stock inhibitor (solution 1) was prepared by dissolving 0.1 g 
of Irgasan DP-300 in 10 ml of 1 N NaOH. The mixture was heated gently until the DP-300 dissolved 
and was then transferred to a 100-ml volumetric flask and brought to volume with distilled water. Stock 
indicator (solution 2) was prepared by dissolving 0.2 g of bromothymol blue  and 0.1 g of phenol red  
in 10 ml of 1 N NaOH and 50 ml of distilled water. The mixture was stirred for 1 h, transferred to a 
100-ml volumetric flask, and brought to volume with distilled water. Solutions 1 and 2 were stored at 
room temperature and discarded after 4 weeks. Carbohydrate (solution B) was prepared by dissolving 
1 g of L-arabinose in 10 ml of distilled water. Solutions A (92 ml) and B (10 ml) were autoclaved 
separately at 121°C for 15 min, cooled to 48°C in a water bath and mixed aseptically to yield 
approximately 100 ml of the final medium. The slight loss in volume was due to evaporation during 
autoclaving. Two-milliliter portions of the medium were aseptically pipetted into sterile disposable 
tubes (Falcon) which were then capped tightly and stored at 4°C until used. No medium was used after 
4 weeks of storage procedures. Single colony isolates of the test organisms were inoculated as a straight 
stab through the center of the tubed medium. Tubes were incubated at 37ºC for 18 hrand reactions were 
recorded.Bacterial cultures were preserved on the selective medium. Bacterial colonies were selected 
according to the cultural and morphological characteristics including pigments; colony form, elevation 
and margin; texture and opacity on their selective media (Simbert and Krieg, 1981). 
 
Productionof indol acetic acid (IAA):   
 

For detection and quantification of indol-3-acetic acid (IAA) production by bacterial isolates, 
isolated colonies were inoculated into Jensen's broth (Sucrose 20 g, K2HPO4 1 g L-1, MgSo47H2O 0.5 
g L-1, NaCl 0.5 g L-1, FeSO4 0.1 g L-1, NaMoO4 0.005 g L-1, CaCO3 2 g L-1) (Bric et al., 1991) containing 
2 mg ml-1 L-tryptophan. The culture was incubated at 28± 2ºC with continuous shaking at 125 rpm for 
48h (Rahman et al., 2010). Approximately 2mL of culture solution was centrifuged at 15000 rpm for 
1min, and a 1mL aliquot of the supernatant was mixed with 2mL of Salkowski's reagent and incubated 
20min in darkness at room temperature (150 ml concentrated H2SO4, 250 ml distilled water, 7.5 ml 0.5 
M FeCl3.6H2O) as described by Gordon and Weber (1951). IAA production was observed as the 
development of a pink-red color, and the absorbance was measured at 530nm using a 
spectrophotometer. The concentration of IAA was determined using a standard curve prepared from 
pure IAA solutions (0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60 and 65 µg ml-1). 
 
Assessment of HCN potential: 
 

The bacterial inoculum  was  prepared  by  dispersing  bacterial  cells  from  48-h  King's  B  agar  
(Schaad,  1980)  cultures in  fresh  King's  B  broth.  A  0.1ml  portion  of  this  suspension  was added  
to  Petri  dishes  containing  acid-washed  but  non-sterilizeds and  (30 g,  40-100  µm)  moistened  with  
King's  broth  or  standard nutrient  broth  (Gerhardson et  al.,  1985)  (0.16ml g-1  sand)  and sealed 
with  "parafilm".  Identical series of plates were prepared containing King's broth and standard nutrient 
broth supplemented with glycine (4.4g l-1).  The  production  of  cyanide  was  detected  48 hafter  
inoculation,  using  picrate/Na2CO3   paper  fixed  to  the  under -side  of  the  Petri  dish  lids  (Lorck,  
1948).  A  change  from  yellow  to light brown,  brown, or reddish brown was recorded  as an  indication 
of weak,  moderate, or strong cyanogenic potential,  respectively. The results from the inoculated plate 
were compared with the corresponding control plates (no inoculum).  Any color  change  produced  
inthe  control plates  indicated the  presence of indigenous  cyanide producers  in  the  sand .Erlenmeyer 
flasks  (200 ml)  with two wells, the inner  one  containing  1.1  ml 0.55 M-NaOH  and  the  outer one 
containing 5 ml King's broth in phosphate buffer (pH  6.7),  were prepared under  sterile conditions. 
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The bacterium under examination was inoculated into the outer well and the flasks sealed immediately 
and shaken at 22 °C for 36 h.  The  HCN  content  of the  NaOH was assessed according  to  a  modified 
method  of  Lambert  et  al.,  (1975),described by  Dartnall  and  Burns  (1987).  A  standard  curve  was 
produced  using  0,  20,  40,  60,  80,  and  100nmol  ml  I  KCN  in  NaOH. 

Phosphate solubilization activity: The bacterial isolates were inoculated into Pikovskaya's agar 
plates containing known amount of tricalcium phosphate (Ca3(PO4)2) (Pikovskaya, 1948).The plates 
were incubated at 37ºC for 2 days. Each treatment was replicated three times. Solubilization of 
phosphorous was replicated three times. The bacterial colonies forming yellow coloured zones were 
considered as phosphate solubilizers. The percent solubilization efficiency and phosphate solubilization 
index was calculated as: SE(%) = Z+C × 100 
Where, SE = Solubilization efficiency 
Z = Halozone diameter (mm) 
 C = Colony diameter (mm) 
 
 Potassium solubilization activity: 
 

Quantitative estimation of solubilized K was conducted by following, Parmar and Sindhu (2013). 
The selected isolates were cultivated in 50 mL Aleksandrov liquid medium and incubated at 28°C in 
shaking incubator (200 rpm) for 25 days. Every 5 days, 3 mL bacteria culture was centrifuged at 10,600 
g for 10 min. The amount of soluble potassium in the supernatant was measured by atomic absorption 
spectrometer (AA-7000 AAS with flame air-C2H2) at 766.5 nm wavelength. 
 
Siderophore production: 
 

Siderophore production was detected by Chrome-azurol-S (CAS) plate assay method (Schwyn 
and Neilands, 1987). Sterilized blue agar was prepared by mixing CAS (60.5 mg/50ml distilled water). 
With 5ml iron solution (1mM FeCl3.6H2O) and 5ml 10mM HCl) with stirring. This solution was slowly 
added to hexadecyltrimethyl ammonium bromide (HDTMA) (72.9 mg/40ml distilled water). Thus, 50 
ml CAS dye was prepared and poured into 500 ml nutrient agar and the plates were prepared. Twenty-
four hours old culture of the test bacteria was spotted on pre-poured blue coloured CAS agar plates. 
Plates were incubated for 72 h, at 37ºC. Formation of a bright zone with a yellowish (hydroxamate), 
pinkish (catecholate) and whitish (carboxylate) colour in the dark blue medium indicated the production 
of siderophore.  
 
Molecular characterization for PGBR by Heat Shock Gene: 
 
Design of oligonucleotide primers.  
 

DNA sequence data of the heat shock protein genes (groES and groEL) were obtained from 
GenBank; conserved and variable regions were subsequently identified by aligning published sequences 
of Ps. putida, B. megaterium , B. circulansand S. marcescen by the CLUSTAL alignment method in the 
DNASTAR sequence alignment software package. A novel primer pair was designed, forward [groESf 

59ATGAAGCTTCGTCCTCTGCAT-39 (21- mer)] and reverse [groESr 59-GTCTTTCAGCTCGAT-39 (15-

mer)], which targeted conserved regions of theheat-shock proteingene yielding a fragment of 536 bp. 
 
DNA extraction.  
 

All DNA isolation procedures were carried out in Biological Safety Cabinet   in accordance with 
the Good Molecular Diagnostic Procedures guidelines of Millar et al. (2002), in order to minimize 
contamination and hence the possibility offalse-positive results. Bacterial genomic DNA was extracted 
from Pseudomonas, Bacillus and Serratia isolates by employment of the Roche High Pure PCR 
Template Preparation kit in accordance with the manufacturer’s instructions.  Extracted DNA was 
stored at _80 8C prior to PCR amplification. For each batch of extractions, a negative extraction control 
was performed that contained all reagents minus any organism, as well as an extraction positive control 
with Ps. putida. 
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PCR amplification. : 
 

Amplification reactions were set up in accordance with Good Molecular Diagnostic Procedures, 
as detailed in the guidelines of Millar et al. (2002). All reaction mixes were set up in a PCR hood in a 
room separate from that used to extract DNA and the amplification and ‘post-PCR’ room, in order to 
minimize contamination. Initially, PCR amplification conditions were optimized by varying the 
following conditions separately: magnesium chloride concentration, annealing temperature, primer 
concentration and DNA template concentration. Following optimization, reaction mixes (100l) were set 
up as follows: 10 mMTris/HCl, pH 8·3; 50 mMKCl; 2·5 mM MgCl2; 200M (each) dATP, dCTP, dGTP 
and dTTP; 1·25UTaqDNApolymerase (Amplitaq; PerkinElmer); 0·1 M(each) primer (groESf and 

groESr); and 4.l DNA template. Reaction mixtures, following a ‘hot start’, were subjected to the 
following empirically optimized thermal cycling parameters in a PerkinElmer 2400 thermocycler: 96 
0C for 5 min, followed by 40 cycles of 96 0C for 1 min, 50 0C for 1 min and 72 0C for 1 min, followed 
by a final extension at 72 0C for 10 min. Positive (P. aeruginosa ATCC 27853DNA) and multiple 
negative (water) amplification controls were included in every set of PCRs. 
 
Detection of amplicons:  
 

PCR reaction (50 uL) was  examined by electrophoresis in 2% (w/v) agarose gels (Gibco) in TAE 
buffer (40 mMTris, 20 mM acetic acid, 1 mM EDTA, pH 8·3), stained with ethidium bromide (0·05gml. 
Gels were visualized under UV illumination by using a gel image analysis system (UVP Products) and 
all images were archived as digital graphic files.  
                                                                                                                                                                                                                   
Sequencing of PCR amplicons  .  
 

All PCR amplicons were purified by using a QIAquick PCR Purification kit (Qiagen) and eluted 
in Tris/HCl (10 mM, pH 8·5) prior to sequencing to remove dNTPs, polymerases, salts and primers. 
Amplicons were sequenced in both directions on an ALFexpress II automated sequencer (Amersham 
Biosciences) by using both the forward and reverse primers, groESf and groESr, which were labeled with 
Cy-5 fluorescent dye (Oligosynthesis Unit, The Queen’s University of Belfast, UK) and used in 
conjunction with a Thermo Sequenase Fluorescent Labelled Primer Cycle Sequencing kit (Amersham 
Biosciences). The resulting sequences were aligned by employing MegAlign software (DNASTAR) 
and compared with those stored in GenBank by using BLAST alignment software. 

 
Results 
 
Selection of colonies by plated population: 
 

The total microbial flora, actinomycetes, spore forming bacteria and fluorescent Pseudomonas 
were isolated on the nutrient agar medium.  The isolated bacteria were fifty seven rhizobacterial isolates 
which then were selected on specific four selective media (SD medium for Serratiasp, King's B medium 
for Pseudomona ssp, Yeast extract glucose agar medium for Bacillussp and Glycerol nitrate agar 
medium for actinomycetes  (Table, 1).  

The rhizosphere samples supported a total of 57 bacterial isolates, with diversified characteristics; 
these isolates were picked up on the basis of their cultural and morphological characteristics.  They 
were rods to spiral shape and with variable colony morphology, circular to irregular colonies with flat 
to convex elevations. Some were opaque and others were transparent. Some isolates were reacted 
positively while others were reacted negatively to the Gram staining. Yellowish, reddish, creamish, 
brownish, grayishand greenish pigmentation was produced by these isolates (Table, 1). 
The 57 isolates were belonging to bacilli like shape which represented by 38.6% with 22 isolates with 
numbers (5, 8, 10, 12, 14, 17, 19, 20, 21, 24, 28, 30, 34, 36, 39, 41, 46, 48, 49, 51, 53 and 54). These 
isolates were reacted positively to the Gram staining, rods in shape, creamish in colour, irregular opaque 
colonies, slightly convex in elevation. Bacilli isolates grew on yeast extract glucose agar medium but 
not had any growth on other selective media (Table, 1). 
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Table 1: Colony morphology of selected isolated bacteria based on specific media.  
Glycerol 
nitrate 
agar 

medium 

Yeast 
extract 
glucose 

agar 
medium 

King's B 
medium 

SD 
medium 

Cell 
shape 

Gram's 
reaction 

Isolate number Colony 
morphology 

ve- ve+ ve- ve- rods ve+ 

5, 8, 10, 12, 14, 
17, 19, 20, 21, 24, 
28, 30, 34, 36, 39, 
41, 46, 48, 49, 51, 
53 and 54 

Irregular, slightly 
convex, entire, 
opaque, creamish 

ve- ve- ve+ ve- rods ve- 
1, 2, 3, 7, 11, 18, 
27, 31, 35, 40, 44, 
47, 52 and 57 

Irregular,  flat, 
entire, transparent, 
yellowish 

ve- ve- ve- ve+ rods ve- 
4, 15, 22, 25, 29, 
33, 38, 42, 45, 50 
and 55 

circular, convex, 
entire, opaque, 
reddish 

ve+ ve- ve- 
ve- 

 
Spiral 
short 

ve+ 
 

6 
 

Dark 
grayish(AM)Pale  
greenish(SM 

ve+ ve- ve- ve- 
Spiral 
long 

ve+ 9 

Yellowish 
white(AM) 
Pale 
yellowish(SM) 

ve+ ve- ve- ve- 
Spiral 
open 
long 

ve+ 13 

Pale brownish 
grayish(AM) 
Pale 
brownish(SM) 

ve+ ve- ve- ve- 
Spiral 
open 
long 

ve+ 16 

Dark brownish 
yellow(AM) 
Dark greenish 
yellow(SM) 

ve+ ve- ve- ve- 
Spiral 
long 

ve+ 23 

Dark 
greenish(AM) 
white 
Dark green(SM) 

ve+ ve- ve- ve- 
Spiral 
long 

ve+ 26 
Dark green 
olive(AM) 
Pale greenish(SM) 

ve+ ve- ve- ve- 
Spiral 
long 

ve+ 
32 
 

Pale yellowish 
white(AM) 
Pale 
yellowish(SM) 

ve+ ve- ve- ve- 
Spiral 
long 

ve+ 37 

Pale brownish 
grayish(AM) 
Pale yellowish 
green(SM) 

ve+ ve- ve- ve- 
Spiral 
long 

ve+ 43 

Pale greenish 
grayish(AM) 
Pale 
yellowish(SM) 

ve+ ve- ve- ve- 
Spiral 
long 

ve+ 56 
Pale greenish(AM) 
Dark green(SM) 

Where: AM: Aerial mycelia of actinomycetal isolates. 
SM: Substrate mycelia of actinomycetal isolates 

 
Fluorescent Pseudomonas was 14 isolates with numbers (1, 2, 3, 7, 11, 18, 27, 31, 35, 40, 44, 47, 

52 and 57) with 24.5%. These isolates were Gram negative, rods in shape with yellowish color. The 
colony morphological characteristics were irregular in shape with entire margin, transparent and flat. 
Pseudomonas bacteria grew on King's B medium as specific medium with no growth on other media. 
Serratia were 11 isolates with numbers (4, 15, 22, 25, 29, 33, 38, 42, 45, 50 and 55) which represented 
17.5%.  These isolates had reddish pigmentation and strong growth on SD medium. Serratia isolates 
were reacted negatively to the Gram staining, rods in shape, convex opaque colonies with entire margin. 
Actinomycetes were 10 isolates with numbers (6, 9, 13, 16, 23, 26, 32, 37, 43 and 56) with 14.3% of 
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total one. The actinomycetal isolates were Gram positive, spirally long and short in shape with high 
variability in color of aerial and substrate mycelia. These isolates grew on glycerol nitrate agar medium 
with no growth on other media (Table, 1).  

Out of 57 bacterial isolates, there was 34 isolates have the ability to produce IAA while, HCN 
producing isolates were 25 isolates.  

Thirty six isolates were considered as P-solubilizing and siderophore producing isolates. The 
potassium solubilization isolates were the highest number, being 46 isolates    (Table, 2).  

Twenty two Bacillus isolates have great variations in their PGP activities, 20 isolates have the 
ability to solubilize potassium while, only 10 isolates were considered HCN and siderophore producers.  
Out of fourteen fluorescent pseudomonads, 12 isolates can produce siderophore and were considered 
K- solubilizers while, 7 isolates have the ability to produce HCN. From the eleven Serratia isolates, 9 
isolates were able to produce siderophore while, only 3 isolates were considered P- solubilizers.  The 
ten actinomycetes isolates have the ability of K solubilization However, did not show any HCN 
production activity (Table, 2).       
 
Table 2: Characterization of selected bacteria for each PGP activitiedistributed rhizosphere potato plants                                       

Siderophore 
production 

Potassium 
solubilization 

Phosphorous 
solubilization 

Hydrogen 
cyanide 

IAA No. PGPB 

10 20 18 10 14 22 Bacilli 
12 12 9 7 10 14 Pseudomonas 
9 4 3 8 6 11 Serratia 
5 10 6 0 4 10 Actinomycetes 

36 46 36 25 34 57 Total 

 
Screening of rhizospheric bacteria: 
 

Out of fifty seven bacterial isolates sixteen isolates were screened for their growth promoting 
traits, indole acetic acid (IAA) production, hydrogen cyanideproduction, phosphorus, potassium 
solubilization and siderophore production. 
 
Indole acetic acid (IAA) production:  
 

The 16 bacterial isolates in the presence of tryptophan produced IAA in concentrations between 
0.11 µg mL-1 and 18.86 µg mL-1. The highest amounts of IAA were produced by isolate B6, S1, B1 
and P2 were 18.86, 17.27, 17.15 and 15.44 µg mL-1, respectively (Table, 3). 

 
Hydrogen cyanide production:   
 

The isolates also showed great variation for HCN production. The isolates B1, B6, P2 and S1 had 
very high HCN production in which the color of entire filter paper got changed from yellow to brown. 
Five isolates (B3, B5, P1, P3 and S2) showed change in color of half of the filter paper from yellow to 
brown. Only the edges of the filter paper turned brown in case of three isolates (B2, P5 and S3). 
However, four isolates (B4, B7, P4 and S4) did not show HCN production activity(Table, 3). 

 The phosphate solubilizing activity of the selected bacterial isolates were compared on the basis 
of their phosphate solubilizing index (PSI) in PVK agar medium. The results revealed that in PVK agar 
medium, B1showed maximum phosphate solubilizing index (4.60) and minimum was recorded in P4 
(1.04). The isolates B1, B6, P2 and S1 had very high phosphate solubilization ability (4.60, 3.18, 2.18 
and 2.55) (Table, 3).  

The soluble potassium in liquid medium was observed with sixteen isolates ranging from 12.11 
to 4.04 ppm, the high values were recorded by B5, P2, B6 and P3 isolates, being 12.11, 10.95, 10.55 
and 8.91 ppm, respectively (Table, 2).  

The siderophore production of the selected bacterial isolates was compared on the basis of their 
zone size (mm). The results revealed that B6 isolate produced maximum zone size (22.00mm) on 
Chrome-azurol-S (CAS) solid medium and minimum zone size was observed in isolate S4 (3.08mm). 
The maximum production was recorded by B6, B1, P2 and B2 isolates, being 22.00, 19.60, 18.00 and 
17.40mm, respectively (Table, 3).  
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Table 3: Bacterial isolates exhibit plant growth promoting traits. Bacterial isolates display plant prosperity 
enhancing characteristics. 

Qualitative Siderophore 
estimation (Zone size, mm) 

Soluble 
potassium 

(ppm) 

Clear zone 
diameter 

Phosphorous 
solubilization 

index 

HCN detection 
Quantitative 
assay of IAA 

µg/ml 

Selected 
isolates 

 Bacilli 

 

19.60 7.08 

 

4.60 

 

+++ 17.15 B1 

 

17.40 6.71 

 

1.55 

 

+ 8.75 B2 

 

14.70 8.13 

 

2.15 

 

++ 13.25 B3 

 

7.00 5.62 

 

1.05 

 

- 5.80 B4 

 

11.00 10.55 

 

2.60 

 

++ 15.21 B5 

 

22.00 12.11 

 

3.18 

 

+++ 18.86 B6 

 

4.00 4.34 

 

2.68 

 

- 2.11 B7 
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Table 3: Cont. 
 Fluorescent pseudomonas 

 

13.30 6.35 

 

1.23 

 

++ 10.22 P1 

 

18.00 10.95 

 

2.18 

 

+++ 15.44 P2 

 

11.30 8.91 
 

1.91 

 

++ 9.73 P3 

 
5.00 5.33 

 
1.04 

 

- 0.11 P4 

 

6.30 6.21 

 

1.35 

 

+ 5.93 P5 

 Serratia 

 

14.30 7.41 

 

2.55 

 

+++ 17.27 S1 

 

11.00 6.76 
 

2.12 

 

++ 12.61 S2 

 

8.60 5.73 

 

1.30 

 

+ 7.38 S3 

 

3.08 4.04 
 

1.11 

 

- 6.92 S4 
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Molecular characterization of selected bacterial isolates: 
 

From the obtained results the bacterial isolates B1, B6, P2 and S1were the most efficient plant 
growth promoting isolates depending on PGP activities so molecular identification for these isolates 
was done by using Heat Shock Genes. Total DNA were isolated from four selected bacterial isolates 
using Heat Shock Genes method. The H-Gene primers were H1511 GACGT CGCCGGT GACGGCA 
CCACCAC-3'H12615'-CGACGGTCGCCGAAGCCCGGGGCCTT-3.PCR product of H DNA gene 
for four bacteria isolates   with expected size 600 bp (Fig. 1). 
 

 
 
Fig. 1: Gel electrogram showing PCR product of H DNA gene for four bacteria isolates   with  expected size 600 

bp, M = DNA leader , Ps= Pesudomonas putida, B1=Bacillus megaterium , B2=Bacillus circulans and 
S= Serratia marcescen 

 

Aphylogenetic tree of Ps. putida,  B. megaterium ,  B. circulans and S. marcescen (PGPR) isolate 
revealed 99.7% a moderate degree of similarity to Tu12.3 isolate from Turkey isolated from pepper 
(Accession no. AJ303095) (Fig.2). 
 
 

Fig. 2: Neighbour-joining tree of Hgene  of P. putida, B. megaterium, B. circulansand S. marcescen (PGPR) and 

3PGPR  isolates published in GenBank. Numbers represent bootstrap percentage values based on 1000 

replicates. 

Discussion  
 

Isolation and identification of PGPR from soil (Yorukce et al., 2017) were made based on 
Morphological, cultural and biochemical identifications according to the Bergey’s Manual of 
Systematic Bacteriology according to the Bergey’s Manual of Systematic Bacteriology (Krieg  and 
Holt, 1984). Each different colonies were isolated on specific media. These bacteria were classified in 
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four isolates including Bacillus megaterium, B. cerculans, Pseudomona ssp and Serretia sp. The 
rhizosphere region contains a various series of bacteria known as PGPR and diastrophic microbes that 
able to form a symbiotic relationship with plants that induce the plants propagation. PGPR can influence 
plant growth and advancement immediately or consequentially (Vessey, 2003 and Parmar and Sindhu 
, 2013). The definite harmful impacts of pathogenic microbes were reduced by PGPB bacteria via 
different ways, from which increasing host impedance to the pathogen (Dimkpa et al., 2009a; Grover 
et al., 2011; Glick, 2012). PGPB can live around roots and originate appropriate habitat for growth and 
purpose via a perfect colonization. The plant tissues contain intercellular gaps which rich in 
carbohydrates, amino acids, and inorganic nutrients that create Non-symbiotic endophytic associations 
(Bacon and Hinton, 2006).  On the contrary, significant increased in potato plants cultivated in soil 
inoculated with PGPR. Via various mechanisms and by indirect way, the bacteria can improve the plant 
biomass and maturation, including synthesis of certain beneficial compounds, favoring nutrients 
absorption, N2 – fixation, P solubilization, siderophores production which solubilize and reserve iron, 
phyto-elicitors synthesis such as auxins, cytokinins, and gibberellins, enzymes synthesis which induce 
several stages of plant prosperity (Lucy et al., 2004; Gray and Smith, 2005).Chemical   systemic 
resistance indexes,  free proline and Salicylic acid  contents  significant increased in healthy followed 
by  infected potato plants cultivated in soil PGPR soil inoculation . Plant growth promoting bacteria are 
used to raise the crops productivity due to its competence as inoculants. This occurs via different factors 
such as colonization ability in the rhizosphere region, which riches in plant roots secretions and the soil 
validity. The root colonization qualification of PGPB is widely related to microbial emulation and 
existence in the soil, additionally with the modification of many genes expression and cell-cell 
connection through quorum realizing (Alquéres et al., 2013 and  Beauregard et al., 2013). PGPB make 
stately physiological link for bacteria-plant associations, differ from pathogenesis to phytopromotionvia 
synthesis of indolic compounds (ICs) like phytohormone (IAA) (Spaepen et al., 2007). Among plant-
bacterial interactions, the potency to make ICs is greatly differentiated. Souza et al., (2013) reported 
that nearly 80% of bacteria isolated from rice rhizosphere able to synthesize ICs. Other studies have 
demonstrated that more ICs are produced by bacteria inhabit rhizosphere than bulk soil bacteria 
(Khalid et al., 2004), and in a new performed concerning the efficiencies of several bacteria to induce 
plant propagation, among them the endophytic bacteria. In endophytic bacteria related to the 
Enterobacteriaceae family (Enterobacter, Escherichia, Grimontella, Klebsiella, Pantoea, and Rahnella) 
can produce huge amounts of indolic compounds (Costa et al., 2014). Bacillus 
japonicum and Pseudomonas putida 1290 were isolated from soil and have the ability to secret and 
catabolize indole acetic acid (Leveau and Lindow, 2005). IAA was utilized by P. putida 1290 as a 
solitary carbon source (C), nitrogen (N), and energy. Additionally, in culture medium supplemented 
with L-tryptophan IAA was produced by P. putida 1290. Sequence analysis of all P. aeruginosa 
amplicons demonstrated the presence of a single sequence type and direct sequence analysis showed a 
highly conserved amplified region. This sequence, which encodes a partial region of the heat-shock 
protein GroES, has subsequently been deposited in GenBank under accession no. AY150814.This 
sequence demonstrated 98·2% similarity to that ofP. Aeruginosa (GenBank accession no. S77424), 
followed by76·7% similarity to P. stutzeri (Y13828), 72·7% similarity to P. putida(X78435) and 62·5% 
similarity to Enterobactercloacae (M88012) (Clarke et al., 2003). Although there have been several 
publications that described PCR detection of P. aeruginosa (McIntosh et al., 1992; Karpati and 
Jonasson, 1996), there have been relatively few descriptions of generic Pseudomonas PCR assays that 
are designed to detect Pseudomonas spp. besides P. aeruginosa. Given that the groESlocus is highly 
conserved in multiple bacterial genera, the current database of available groES sequences is not as 
comprehensive as those for other highly conserved gene loci, such as the 16S rRNA gene, and hencemay 
not contain sequence data for several commonly isolated, as well as newly emerging, CF organisms. 
Therefore, the proposed use of these primers in diagnostic screening assays, where Pseudomonas spp. 
are detected in a molecularmanner, should be confirmed phenotypically and antibiotic susceptibility 
patterns should be obtained. 
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