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ABSTRACT

Plant growth promoting rhizobacteria (PGPR) play an important role for improving plant growth and increasing
productivity especially under stress condition. Fifty rhizobacterial isolates were isolated from the rhizosphere of the
wheat plants. The rhizobacterial isolates were screened to select the most salt tolerant isolates. Then, the more tolerant
isolates were evaluated for plant growth promoting activities such as ammonia, HCN, siderophores, nitrogenase,
indole acetic acid (IAA) and gibberellins (GB) production as well as, root colonization ability, phosphate and
potassium solubilization. The obtained data showed that, rhizobacterial isolate number (40) exhibited high records for
most of PGPR activitiesand identified asPaenibacillus polymyxaMG309677.1using 16S rRNA gene sequencing
techniques with 99% similarity. One of the problems which face production of microbial preparations for agriculture
use is the maintenance of bacterial viability. In this respect, immobilization of P. Polymyxa MG309677.1 on three
different carriers (peatmoss, compost and sawdust) was studied. Peatmoss and compost were used singly or combined
with sawdust at two levels (50% and 75% sawdust).Bacterial populations, dehydrogenase activity, pH values and
moisture contents were determined monthly up to six months of storage. Resultsrevealed that, using of peat moss
either singly or combined with sawdust (50:50%) as a carrier gave the highest survival and population records forP.

polymyxaMG309677.1even the end of storage period (180) days.
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Introduction

One of the problems that face the production of
microbial preparations for agriculture use is the
maintenance of bacterial viability. High bacterial
population in the rhizosphere improves the efficiency of
these organisms(Cheuk et al., 2003).High bacterial
population can be maintained by the application of
enriched compost as a carrier which supports their
growth and activitiesduring the storage period and in
soil(Ahmad et al., 2008and Bonkowski, 2004). Indeed,
after the introduction into the soil, the inoculant have to
compete with native soil. Carrier materials that can offer
nutrients to the inoculant providing a higher rate of
inoculation success. In addition, the carrier is the major
portion (by volume or weight) of the inoculant that helps
to deliver a suitable amount of plant growth promoting
rhizobacteria (PGPR) in good physiological condition.

The materials constituting the carrier can be included
various origins; organic, inorganic, or synthesized from
specific molecules. (Trzcinski et al., 2011).Variety of
materials used as carriers has been shown to improve the
survival and biological effectiveness of inoculants by
protecting bacteria from biotic and abiotic stresses.
Suitable carrier should be cheap, easily used, mixable,
packageable, and available. Also, the carrier must
permit gas exchange, particularly oxygen, and has high
organic matter content and high water holding capacity
as well as must be non-toxic either to the bacterial
inoculants or to the plant itself (Ben Rebah et al.,
2002).Furthermore, Ferreira and Castro (2005) stated
that the carriers should have near neutral orreadily

adjustable pH, be abundant locally at a reasonable cost
and able to sterilize. These properties only indicate the
potential for a good carrier, while final selection of
carrier must be based on microbial multiplication and
survival during storage, the general method of planting,
equipment used for planting and acceptable cost.

Among carriers that can sustain high levels of
microbial load, the peat is considered the most widely
used carrier, but is not universally available.
Alternatively, different materials such as industry by-
products, compost, organic wastes, mineral soils, plant
by-products, coal, perlite, and agro-industrial wastes
have been tested as culture media for the microbial
growth (Stephens and Rask, 2000).

The present work was designed to study the effect of
different carrier materials (peatmoss, compost and
sawdust) for preparation of salt-tolerant PGPR
formulation and evaluating the survival and biological
efficiency of this strain till the end of the storage period.

Materials and Methods

Soil samples and carrier materials

Salt-affected soil samples were collected from
different locations in Egypt (El-Behira, Kafer El-
shikhand Alexandria Governorates) for isolating salt-
tolerant PGPR.Mechanical and chemical analyses of
soil (Table 1). Compost, peat moss and sawdust were
obtained from the farm of the Fac. of Agric. at
Moshtohor, Benha Unive., Egypt. The physical and
chemical characteristics of carrier materials were
described in Table (2).
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Table 1. Mechanical and chemical analyses of soil samples.

. Soil Soil Soil
Parameters Unit (1) @) 3)
Mechanical analyses
Sand (%) 50 53 25
Silt (%) 27 15 55
Clay (%) 23 32 20
Textural class Clay loam Light clay Silty clay loam
Chemical analyses
Organic matter (%) 1.24 1.74 0.63
EC dS/m 8.95 8.62 11.3
pH 8.41 7.26 8.58
Soluble cations
Na* 28.02 25.86 38.61
K* 23.15 21.75 18.03
ca?* meq./L 18.63 21.8 24.74
Mg?* 19.7 16.82 31.62
Soluble anions
COs™ Zero Zero Zero
HCOs 27.93 28.7 28.2
cr meq./L 32.55 26.03 52.84
SO4* 29.02 31.5 31.96
Soil (1): from El-Behira Soil (2): from Kafr El-Shikh,
Soil (3): from Alexandria
Table 2. Physiochemical properties of carriers used in this study.
Properties Peat moss Compost Sawdust
PH 7.14 7.8 6.0
E.C (dsm) 2.1 2.75 1.1
Total C(g/100g) 39.0 33.75 58.25
Total N (g/100g) 0.49 0.42 0.24
C/N ratio 78:1 80:1 243:1

Isolation of salt-tolerant PGPR isolates

The isolation process was carried out using pouring
and streaking plates method on different specific
microbiological media named Ashby's medium (Abdel-
Malek and Ishac, 1986), King's medium (King et al.,
1954), modified nutrient agar medium (Atlas, 1995),
semi-solid malate medium (Dobereiner, 1978),
modified Bunt &Rovira agar medium (Abdel-Hafez,
1966)andstarch nitrate agar medium (Waksman and
Lechevalier, 1961).Isolates were sub-cultured several
times on their specific media for purification and then
maintained as a stock culture at 4-5°C for the succeeding
studies.

Screening for prospective PGPR characteristics
Salt tolerance of PGPR isolates
Primary screening of rhizobacterial isolates were

conducted under saline stress in presence of different
sodium chloride concentrations using nutrient broth to
give final concentrations of 2, 4, 6, 8, 10, 12, 15, 18 and
20%. After inoculation, cultures were incubation at 37
°C for 7 days in rotary shaker (150 rpm).

Biological activities of PGPR isolates
Secondaryscreening was depended on the
production of Indole acetic acid (IAA), gibberellins,

sidrophorse, hydrogen cyanide (HCN), ammonia and
nitrogenase enzyme. Moreover, colonization capability,
phosphate and potassium solubilization were considered
under salinity condition (4% NacCl).

The ability for IAA production was determined
using Salkowski's reagent according to the method
described by Gilickmann and Dessaux, 1995.
Estimation of gibberellic acid (GA) production was
colorimetrically achieved according to the method of
Holbrook et al. (1961).Production of siderophores by
the PGPR isolates were detected according to
Alexander and Zuberer (1991).Whereas, detection of
catechol-type siderophoreswere measured using a
method of Carson et al. (1992).While,Production of
HCN and ammonia were estimated qualitatively
according to the method described by Lorck
(1948)andCappuccino  and  Sherman  (1992),
respectively.

Nitrogenase activity was estimated as a guide for
nitrogen fixation using the acetylene reduction
technique given by Dilworth (1970). The bacterial
isolates which isolated on specific nitrogen free media
were screened for nitrogen fixation ability and results
expressed as Nmole CoHa/day/100 ml culture.
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Phosphate-solubilization ability was qualitatively
detected on Pikovskaya agar mediumaccording to the
method described by Nguyen et al.(1992).

Solubilization
diameter (cm)
Growth diameter
(cm)

While, phosphate solubilization was quantitatively
determined according to the method described by
Nautiyal (1999).

Qualitative and quantitativeof potassium solubilization
were estimated according to the method described
byManib et al.(1986).

Solubilization
efficiency (SE) =

X 100

Root colonizationassay
Roots colonization ability was estimated by method
described by Mae and Ohira (1981).
Bacterial identification using 16S rRNA sequences
The most potent isolate was completely identified
using 16S rRNA sequence technique as the following:
The isolate was grown in nutrient broth on a rotary
shaker (120 rpm) at 28°C for 24 hours. Bacterial Gene
Jet genomic DNA purification Kit (Thermo K0721) was
used to extract DNA according to SIGMA company
instructions.

Phylogenetic analysis

The obtained sequence for 16S rRNA gene was
analyzed by VecScreen tool for vector contamination
(http://www.ncbi.nlm.nih.gov/tools/vecscreen/).  Also,
NEbcuter V2.0 was used to create a restriction map and
to identify the GC content of the obtained sequence
(Vincze et al. 2003, http://nc2.neb.com/NEBcutter2/).
ORF finder software was used to obtain possible ORFs
of the obtained sequence. Also, Jalview software was

Table 3. Carrier preparations that used for this study

used to show SNPs and consensus resulted from the
alignment of our bacterial isolate obtained sequence and
the nearest bacterial strain in NCBI database
(http://www.jalview.org/).

The sequence was registered in NCBI database
under accession number
MG309677.1(http://www.ncbi.nlm.nih.gov/nuccore/M
G309677.1).Construction of the phylogenetic tree was
done by using Clustal Omega and MEGAG software.

Effect of carriers on survival and viability of the
identified bacteria.

An application experiment was carried out to
investigate the effect of carrier on the population and the
activity of the rhizobacterial strain.Three different
carriers were used namely, compost, peat moss and
sawdust. Compost and peat moss were used singly or
combined with sawdust at two rates(50% and 75%
sawdust).  Bacterial populations, dehydrogenase
activity, the pH values and the moisture contents were
monthly evaluated up to six months of storage.

Preparation of inoculum

Nutrient broth was inoculated with rhizobacteria
strain in 250 ml Erlenmeyer flasks, incubated at 30°C
for 48 hours in a shaker incubator at 100 rpm. The
culture containing a bacterial population of
aboutx107cellsml-was used for mixing with the carriers.

Preparation of carrier materials

The carrier materials(Table 3) were dried and
neutralized using lime if acidic or HCI if alkaline and
packed in opaque low density polypropylene bags with
thickness of about 75 um and then sterilized according
to the procedure reported by(Somasegaranet al., 1994).

Treatments Description
T1 Compost (100%)
T2 Compost (50%) + Sawdust (50%)
T3 Compost (25%) +Sawdust (75%)
T4 Peat moss (100%)
T5 Peat moss (50%) + Sawdust (50%)
T6 Peat moss (25%) + Sawdust (75%)
T7 Sawdust (100%)

Bacterial culture in late log phase was inoculated in
carrier preparations aseptically to obtain 35% moisture
content. The treatments which do not receive
inoculantwhere moistened with sterilized broth of
required quantity.

Determination of viability ofthe carrier based
inoculum

The inoculated pages were stored at room
temperature and screenedforcell population, viable cell
respiration (dehydrogenase activity), moisture content
and pH monthly up to six months of storage.

The standard plates count method was used as
described by Chevallierdand Lacroute, (1980).While,
dehydrogenase activity was assayed in carriers samples
according to Glathe and Thalmann (1970). Moisture
contents of the carrier based inoculum samples were
determined according to pepper et al.,(1995).PH values
were periodically determined using digital pH meter
apparatus (JENWAY, 3510 Bench pH/mV Meter, UK).

Results and Discussion

Isolation and screening processes of salt-tolerant
PGPR
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Fifty rhizobacterial isolates were isolated from the
rhizosphere of the wheat plants.The primary screening
of the rhizobacterial isolates was achieved under saline
stress to investigate the most salt tolerant isolates.From
the obtained data (Figl), all tested rhizobacteria isolates
showed salt tolerance up to 6% sodium chloride. While,
12%,10% and 12% of the tested isolates sowed salt
tolerance at sodium chloride concentrations of 10%,
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12% and 15%, respectively. Only 28% of the examined
isolates showed salt tolerance at concentration of 20%
sodium chloride. Salt tolerance of most of the
rhizobacterial isolates could be attributed to the
adaptability of these rhizobacterial isolates in their
original habitat (Salt-affected soil samples that were
collected from different places in Egypt).
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Fig (1): Salt tolerance of the rhizobacterial isolates

More tolerant isolates (14 isolates) that grew up to
20% NaCl were screenedfor their putative PGPR
activities.Screening was depended on the production of
Indole acetic acid (IAA), gibberellins, sidrophorse,
hydrogen cyanide (HCN), ammonia and nitrogenase
enzyme. Moreover, colonization capability, phosphate
and potassium solubilization were considered (Table 4).

From the obtained results, rhizobacterial isolate
number (40) exhibited high records for most of PGPR
activities. The capability of IAA and gibberellin
production by the rhizobacterial isolate number (40) was
evaluated which being16.2 pg/ml and 10.25 pg/ml,
respectively. Concerning HCN, siderophores and
ammonia production, rhizobacterial isolate number (40)
showed the highest qualitative production of above
mentioned. In the same manner, 200%as phosphate
solubilization efficiency was observed. Moreover,
rhizobacterial isolate number (40) exhibited good
efficiency for potassium solubilization being 57ppm as
soluble potassium. Superiority for nitrogen fixation was
found based on nitrogenase activity being 24N moles
C;H4/day/100 ml.

Finally, rhizobacterial isolate number (40) recorded
good ability to colonize the roots of wheat that directly
enhanced the shoot length and root lengthof wheat
plants comparing with un-inoculated plants.

The obtained results are in agreement with Parihar
et al. (2015) reported that plant growth promoting
rhizobacteria such as Acidothiobacillus ferrooxidans,
Bacillus mucilaginosus, Paenibacillus

polymyxa,Pseudomonas sp, B. pantothenticus, B.
circulans has been reported to release potassium in
accessible form from potassium bearing minerals in
soils and support ecofriendly crop production. Thus,
application of plant growth promoting rhizobacteria as
biofertilizer for improvement of plant growth and
production.

Bacterial identification using 16S rRNA sequences

The most potent isolate (isolate No.40) was chosen
and identified by 16S rRNA gene sequence analysis to
ascertain their taxonomic positions (Figs. 2, 3 and 4).

Squencing result was registered in NCBI database
under accession number, MG309677.1. Analysis of the
obtained sequence via Vecscreen database showed no
contamination with vector sequence.

The FASTA homology showed that thel6S rRNA
gene sequence of the current isolate (ACC. no.
MG309677.1) had 99% nucleotide similarity with that
of P. polymyxa strain recorded in NCBI database (ACC.
no. GQ375783.1).This result was confirmed by the
phylogenetic position of the obtained isolate, forming
polyphyletic clade with P. polymyxa, but with an
obvious phylogenetic distance (Fig. 2). Also, the
restriction Map of the obtained 16S rRNA partial
sequence was done (Fig. 3). Calculating the pairwise
alignment analysis, exhibited 4 SNPs between the
sequence of the obtained isolate and the nearest
registered bacterial strain in NCBI database, P.polymyxa
(GQ375783.1), for 16S rRNA gene (Fig.4).
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Table 4. Biological activities of the most salt tolerant rhizobacteria isolates.

Features of PGPR
Phosphate Silicate Root
solubilization solubilization colonization
Noof 2 £ 8§ =< s ~ A
isolate %, s 2 % 4 S é S o s S £ a N2-ase (N moles C,HJ/
= g s £  E 8§z =2EZ¢ < ST S S day/ 100ml culture)
g 2 5 O E: =c B%c = =} g =
< O & 2.2 52Z = = IS) S
SE 8n S 3 ) 2
w o (3
1 7.32 22.62 + + +++ + 80 3.96 ++ 33.6 1.8 1.1 0.72
5 1852 4.2 + ++ + 80 3.99 ++ 31.4 2.5 2.3 2.232
8 2.675 4.5 - - ++ - 320 45.26 ++ 33.1 - - ND
17 3.4 9.43 - + ++ - 220 13.05 - 11.8 - - ND
18 6.975 0.625 - - + B 180 12.34 - 7.6 1.4 15 ND
19 5.025 2275 - - ++ - ND 9.56 - 8.2 - - ND
20 2975 1813 - + - - ND 8.74 - 8.6 - - 0.72
26 2.15 0.865 + - ++ - ND 11.19 - 5.2 1.8 1.5 ND
27 215 215 - - ++ - ND 6.28 - 8.5 2.1 1.9 ND
30 1475 1475 - - + B ND 6.83 + 75.5 - - ND
31 1875 1.875 - - + B 120 2.95 - 11.3 15 1.3 ND
33 2.05 2.05 - + ++ - 300 25.72 - 9.2 - - ND
35 1025 927  ++  +  +++  + 200 7.32 + 36 1.2 0.7 8.4
40 16.2 10.25  ++ + +++ + 200 14.63 ++ 57 2.2 1.5 24

Paenibacillus peoriae (HM209749.1)
Paenibacillus peoriae (KJ767388.1)
Paenibacillus polymyxa (EF656457.1)
Paenibacillus polymyxa (JQ283973.1)
Paenibacillus polymyxa (KT962922.1)
Paenibacillus polymyxa (GQ375783.1) ratio 99%
Paenibacillus sp. (HQ317156.1)
Paenibacillus sp. (GU328695.1)
Paenibacillus sp. (MF967289.1)
Paenibacillus sp. (KF751678.1)
53Paenibacillus sp. (MF967285.1)

Paenibacillus polymyxa (MG309677.1) current study
Paenibacillus sp. (KC881305.1)

Paenibacillus polymyxa (AY302439.1 )

0.01

Fig.2. Phylogenetic tree recovered from maximum likelihood and neighbor joining analyses of the 16S rRNA
gene Partial sequences.
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Fig. 3. Restriction Map of the obtained 16S rRNA partial sequence

Fig.4. Single nucleotide polymorphism (SNPs) showed 4 SNPs between the obtained isolate, KM491552.1, and
the nearest one on NCBI data base, AJ880396.1 based on pairwise alignment analysis method.

Effect of carriers on Survival ofP. Polymyxa
MG309677.1 in different carriers

Data presented in Table 5 revealed that, using of
peat moss either singly or combined with sawdust
(50:50%) as a carrier gave the higher survival and
population records for P. polymyxaMG309677.1. The
highest population of P. polymyxaMG309677.1 showed
with peat moss (100%) as a carrier. The population rates

increased with increasing the incubation period up to 90
days and thereafter decreased. This result was observed
in various treatments. These results can be explained as
carrier materials can offer nutrients to the inoculant
providing a higher rate of inoculation success.Various
types of materials are used as carrier for seed or soil
inoculation to improve the survival and biological
effectiveness of inoculants by protecting bacteria from
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biotic and abiotic stresses (Malusa et al. 2012). Carrier
is a delivery vehicle which is used to transfer live
microorganism in a good physiological condition from
an agar slant of laboratory to a seed/rhizosphere (Smith
1992). Since a suitable carrier plays a major role in
formulating microbial inoculants, the use of any ideal
carrier material is important in the production of good
quality microbial inoculants. Of these materials, the
neutralized peat has been found as the better carrier
material for inoculant production Bashan, 1998.

The obtained data showed that the survival rate ofP.
polymyxaMG309677.1 in all peat moss treatments was

better than that in compost. As expected, using of
sawdust solely (100%) showed the lowest population
rates and survival for all examined rhizobacterial strain.
The obtained results are in harmony with those of
Phiromtanet al. (2013) who evaluated the effect of
various carriers and storage temperatures on survival of
Azotobacter vinelandii NDD-CK-1. Obtained results
showed that peat moss either singly or combined with
compost as a carrier gave the higher survival and
population records.

Table 5. survival of P. polymyxa MG309677.1 in different carriers.

Plate count( X 108)

Treatments After (days)

30 60 90 120 180
T1 54 58 56 39 24
T2 64 68 76 58 32
T3 56 60 63 55 29
T4 68 74 83 48 39
T5 66 70 78 39 30
T6 59 63 66 58 28
T7 39 44 50 28 19

For more details about treatments: T1 to T7 see
Table 3

The results revealed that types of carrier, storage
temperatures and interaction between them showed
significant effect on survival of Azotobacter during 7 to
90 days. The survival rate was the highest in PtLC,
followed by PtCC, PtMC, and Pt which gave higher
values in peat moss mixed different type of compost
compared to peat moss only.
Determination of ratein different
carriers' treatment.

Dehydrogenase activity was determined refereeing
to the respiration rate of the rhizobacterial strainP.

respiration

polymyxaMG309677.1 in different carriers. The
obtained data were tabulated in Table 6. Because of the
strong relationship between the growth rate and the
respiration rate, the superiority of peat moss solely or
combined with sawdust (50:50%) as a carrier could be
explained. According to dehydrogenase activity, all peat
moss treatments exhibited a good capability as a carrier
for the survival of P. Polymyxa followed by compost
treatments.

This high bacterial population can be maintained by
the application of enriched compost as carrier which
supports their growth and activities(Ahmad et al.,
2008).

Table 6. Dehydrogenase activity of rhizobacterial strain in different carriers treatment.

Dehydrogenase activity (ug TPF g dw h)

Treatments After (days)
30 60 90 120 180
T1 52.63 59.11 59.48 58.55 56.70
T2 61.06 62.63 63.28 63.02 62.26
T3 41.41 44.29 52.26 48.64 74.34
T4 249.97 267.11 314.82 301.20 196.79
T5 224.95 246.26 296.57 264.98 223.29
T6 133.97 169.18 205.76 195.68 186.50
T7 31.22 30.95 28.81 28.07 261.27

For more details about treatments: T1 to T7 see
Table 3
Moisture contents and pH values in different
carriers.

Moisture content and pH values of the examined
different carriers were evaluated. The obtained data in
Fig 5 and 6. Observed that moisture content, gradual
decrease with the increasing of storage period in all

carriers' treatments and could be attributed to the storage
at room temperature and the gradual development and
growth of the used rhizobacterial strain. The highest
moisture content after 180 days observed with peat
moss-based inoculum. While, the lowest moisture
content after 180 days observed with compost (25%) +
sawdust-based inoculum (75%).
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A slight decline in pH was recorded in all carriers
treatments up to 90 days of storage. While, an increase
of the pH values was seen for all treatments after 120
days of storage.

These data are in accordance with the findings of
Ghazi (2017)who evaluatedtwo different rice biochar
preparations (biochar alone and biochar- vermiculite
50:50) in comparison with peat moss based carrier (peat

moss: vermiculite 50:50) for their suitability for
commercial production of Rhizobia. Carriers were
evaluated over a period of 180 days for its moisture
content, pH, survival of the microbial inoculant and
respiration rate At the end of storing period (180 days),
biochar based carrier recorded a maximum population
of log 9.98 CFUg/1 of carrier with a maximum moisture
content of 20%. Moreover, slight decreasein pH was
recorded at the end ofstoring.
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Fig (5). Moisture contents in different carriers’ treatments.
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Fig (6). PH values in different carriers treatment.
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Conclusion

From the previous work it can be concluded that,
carrier materials can offer nutrients to the inoculant
providing a higher rate of inoculation success and were
able to maintain the survival and biological efficiency of
the plant growth promoting rhizobacteria P. Polymyxa
MG309677.1even the end of storing period (180) days.
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