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ABSTRACT

Fluorescent pseudomonasn suppress various soilborne diseases, and effeiacy related both; to their antagonistic &t and
rhizosphere competitiveness. This study was dedigneisolate antagonistiPseudomonas fluorescefiom Wheat rhizosphere an
evaluate their Plant promoting traits. Fifty-fiventagonistic strainswere isolated from wheat saillticated in Constantine regio
(Algeria),characterized morphologically, biochentlicand molecularly, and screened for their Plarwgh promoting traits. These PG
traits were analyzed by phosphate solubilizatiowlol acetic acid (IAA), the production of sideroppoammonia, hydrogen cyanid
(HCN), and the production of enzyme involved in suppression of the pathogen like cellulase, paséinchitinase, and protease.At {
end, the biocontrol capacity ofthese strainsagamstspeciesoFusarium F. culmorumandF. pseudograminearuwas evaluated planta
All the isolates showing a biochemical and morpbilal of Pseudomonas fluoresceridnder in-vitro conditions,all isolates produced
cellulase and pectinase, 90.9% produced sideroplhgaroxamates type, 96.43% produced IAA.A 96.36P4solatesproduceda clear
zonearound the colony, exhibiting different sorfsphosphate solubilizing index (PSI) and 76.36%ubiizedthephosphate in liquid
medium, 51.78% produced protease, 48.21% produpadel, 16.36% produced chitinase, and only 10.98duymed HCN. The selecte
strains inhibitedFusariunsp growth when tested in pot experiments. Nine d&dt strains, which showed a maximum plant groyth
promoting traits using the molecular identificatitkf6S r DNA gene sequence), were identifiedPasudomonas fluorescenkis study
concludes that strains 8seudomonas fluorescensolated from wheat rhizospheric soil from thgioa of Constantine (Algeria), showeg
variation in their plant promoting characterist@m®duction that can contribute to the ability oédk isolates to suppress fungal diseases.
Based on the positive results of the antagonidteceof selected strains, it is interesting to tise PGPRPseudomonas fluoresceas
inoculants biofertilizers to replace chemical fez¢irs and pesticides for Wheat.
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INTRODUCTION

Plant growth Promoting rhizobacteria(PGPR) areaugrof soil microorganisms that can stimulate plant
growth, protect plants from diseases, and increasg yield [27]. For decades, varieties of PGPRehbgen
studied and some of them have been commercialiredyding the species Pseudomonas, Bacillus,
Enterobacter, Klebsiella, Azobacter, Variovorax #gallum, and Serratia [28]. However, the succdssfu
utilization of PGPR is dependent on its survivas@il, the compatibility with the crop on whichistinoculated,
the interaction ability with indigenous microflona soil, and environmental factors [45]. Anothealténge is
that the modes of action of PGPR are diverse amdilhohizobacteria possess the same mechanisma3L7
PGPR used as biofertilizers and/or antagonistsnaggiant pathogens are a promising alternativehtamical
fertilizers and pesticides. The number of bactesf@cies identified as PGPR has recently incredsedto
many studies on a wider range of plant species,ptbgress in bacterial taxonomy had developed abett
understanding of the various mechanisms actionhetd rhizobacteria. Currently, PGPR include diverse
bacterial taxa isolated from various rhizospheile Therefore, several workswere performed in otdesolate
effective PGPR from the rhizosphere of wheat. [32F haveisolated and examined PGPR strains thabea
applied in the rhizosphere of wheat, which aimageess their potential use in enhancing growthrbgyzing
phytohormone and their nitrogen-fixing capabilities

Bacteria belonging to the fluorescdPgeudomonagoupare among the most abundant in the rhizosphere
In some cases, they represent over 60% of theliatdkrial soil microflora[24]. These bacteria algo usually
found among the potential biological control agemisich have the effect of improving the healthptEnts, and
are particularly known for their antagonistic effagainst plant pathogens. The wide variety of raams of
action of thesd?seudomonapp, is mainly linked to their great ability to prace a wide range of secondary
metabolites, usually auxin, plant pathogen antaisni Cyanogenesis(HCN), phosphate solubilization,
production of siderophore and ACC desaminase a&gtignd induced systemic resistance in plants ;88
68].

The aim of this study isnot only leading to isaatiand characterization Bseudomonas fluorescestimins
from the rhizosphere of wheat grown in the Congtentegion (Algeria),but also evaluating their puial to
promote plant growth, and studying there interactiovivo with two species dfusariumto assess their effect
on the incidence of the disease.

MATERIALS AND METHODS

Isolation and identification of Pseudomonas fluceess:

Soil samples from durum wheaEr{ticumdurun) rhizospherewere collected from Constantine regéom
ten grams of this soil samples were used in sdilision method[4]Pseudomonas fluorescewsre isolated on
Kings B medium, containing per liter of distilledater: 20 g peptone, 10 ml glycerol, 1,5 gHRO,, 1,5 g
MgSQ, 7H,0, 18 g Agar [4]. The colonies showing fluorescgitow to yellowish green coloration on Kings B
were picked up and stored at 4°C.

Identification of isolates was performed using RBsfg Manual of Systematic Bacteriology, following
every characterizing aspect, considering testsrasaopic appearance(appearance of the colony ah ksimig
B medium, form, and texture),Gram reaction, mopildxidase test,Gelatinhydrolisis, Arginine dihyldseand
growth at 42°C and 4°C[12; 49].

Another selective test of our isolates, is theaganistic effect againgtusarium culmorumandFusarium
pseudograminearusthe causal agents of wilt wheat, isolated fromtesll plants cultivated in Constantine
region(Algeria), and identified on the basic of 183NA sequence analysis, and the access number are
respectivelyKP726896,KP726902. The bacterial strauere screened against the phytopathogens byla dua
culture method given by [38], and the index of bitibn was calculated.

Measurement of Plant growth promoting activities:
-Detection of microbial Siderophore production:

This test was conducted by qualitative and quaitianethods.

The qualitativesiderophore production was tested Ghrome AzurolSulfonateAgarmedium (CAS),
described by [5]. CAS agar plates were spot indedlavith each bacterial strain and incubated fdan @p
30°C.Positive cultures for siderophoreproductioadpiced an orange halo around the colony. The ditei®
halo was measured.

For the quantitative siderophore production, 10ffidulture strains were inoculated in King B mediand
incubated at 30°C for 48 h. The cells were remdwedentrifugation at 5,000rpm for 20min,then500fithe
supernatant were mixed with 500ul of CAS solutiord ancubated for 30 minat room temperature and
darkness.The color changed from blue to orangeeatate of production of siderophore. The OD waasueed
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by a spectrophotometer at 630 nm.The percentagdeocdphorewas calculated using the following foranul
(29):

% =(S- S) / S x 100, where:

S:: OD of CAS solution of intense blue color (cotitro

S OD of sample solution.

For the detection ofsiderophore’s nature, two tesse used (the strains were cultured in king B iomad
for 48h at 30°C):

Arnow test(6) for the detection of catechols. Orfeofrsupernatant was amended with 0.1 ml of 5 MJIH
and 0.5ml of ammonium molybdate (containing 10dNeNO, and 10 g of NaMo 2H,O diluted in 50ml of
distilled water). When a yellow color appeared, dllof 10 N NaOH is added. If a red pink color sserved, it
indicates the presence of catechols.

FeC} test(47)for the detection of hydroxamates. Oneofrsupernatant was amended with a solution of
chloric iron (2% FeG). Formation of a reddish purple color indicates pihesence of hydroxamates.

-Production of Ammonia:

Isolates were inoculated into peptone water, andhiated for 4days at 30°C.Nessler’s reagent (0.8
added in each tube. The development of faint ttoyetolor indicates small amounts of ammonia andpde
yellow to brownish color indicates maximum amousftemmonia production [15].

-Indol acetic acid (IAA) production:

The production of IAA was estimated according tmethod of [14], and modified by [2]. A 500 pl of &4
old bacterial cultures were inoculated in tubestaimmg 5ml of King B medium amended with 0.1%of
Tryptophan, and were incubatedin an incubator ghatk&0 °C and 180 rpm for 48 h in dark. One tulas Wept
uninoculated as control. After the incubation, kael cultures were centrifuged at 10,000 rpm fomiin at 4
°C. Two ml of supernatant were mixed with 4 ml afk®wsky’sReagent (1 ml of 0.5 M Fegin 50 ml of 35%
HCLO,) along with 2 drops of orthophosphoric acid,ang thixture was kept in the dark. After 30 min inldar
incubation at 28°C, a developmentof pink color dadés the qualitative IAA production. For the qitativve
estimation, the absorbance at 530nm was measuiregl U¥ visible spectrophotometer, and the concéiatna
of IAAwas calculated using the standard curve. i@zt was expressed as pg/ml over control[30].

-HCN production:

Hydrogen cyanide (HCN) production was evaluatedating to[9]. Bacterialisolates were inoculated in
King B agar medium amended with 4.4g/l of glyciAsvhatman filter paper N°:1 was impregnated with%@.5
picric acid and 2% of sodium carbonate, and wasaalan the lid of each Petri dish. Then the distersvsealed
with parafilm and incubated at 30°C for 96h. Distzation of the filter paper from deep yellow to mga and
orange to brown indicates the production of HCN.

-Phosphate solubilization Test:

For the qualitative estimation, the bacterial sisaivere inoculated on plates of Pikovskaya agariuned
[52], and incubated at 28°C for 7 days. Plates vedrgerved for clearing zones around the bacteoiainies;
that is a sign of phosphate solubilization activtyosphatesolubilization index (PSI) was calculatedrding to
this formula [64]:

PSI = [Colony diameter + halozone diameter]/Coldigmeter.

The quantitative analysis of tricalcium phosphaigstizationwas carriedoutin liquid medium, by
inoculating 100ul of the culture strains and indirzait at 30°C for 11 days. After incubation, thecterial
cultures were centrifuged at 3000rpm for 20min #m amount of soluble phosphate was measured by Joh
method [37]. Two ml of supernatant were taken aladqu in a test tube and 8ml of mixed reagent \aeded.
To prepare the mixed reagent, 1.5g of ascorbic adidbe added to 100ml of the stock solution; (§0of
(NH,)M070,,4H,0 were dissolved in 300 ml of distilled water, af&Dml of 10N HSO, will be added slowly
with constant stirring to which 100 ml of 0.5 % iambny potassium tartrate will be added, the sofutizas
diluted to one liter and stored in amber coloreasglbottle). The mixture was shaken 10min to corapietor
development. The absorbance was determinéd- &880 nm, andthe concentration of soluble phosphais
estimated using a standard curve,and expressefuaskent phosphate in pg/mi[37].

- Enzymatic activity:

* Catalase production:

Catalasewas performed qualitatively using the nbthescribed by [59]. Hydrogen peroxideQdwas added on
the colonies grown on nutrient agar medium plaéfervescences indicates catalase activity.
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* Preparation of colloidal chitin:

Colloidal chitin was prepared from shrimp shellsg(®a) according to the modified method of [10]. In
brief, 40g of chitin powder were slowly dissolved 400ml of concentrated HCI and kept at 30°C foriih
chemical hood with vigorous stirring. Chitin waspipitated as a colloidal suspension by addingrRbf cold
distilled water and left overnight at 4°C. The suyaant was slowly decanted and the precipitatecodiscted
on a filter paper and washed extensively with Bigstiwater for four to five times until colloidahitin became
neutral(pH 7,0). The colloidal chitin was autocldwa 121°C for 20min and stocked at 4°C for furthee as a
substrate.

*Chitinase production:

The ability of the isolates to decompose colloictatin was performed on the colloidal chitin agaedium.
The compositionper literwas:4g colloidal chitinld.NaHPQ,, 0.2g MgSQ7H,0,0.7gKHPQ,, 0.001 g FeSE)
0.001gMnSQ, 2g (NH,),SOsand 15¢g agar; pH was adjusted to 8+ 0.2 and awtedléor 15 min at 121°C [56].
The isolates were inoculated and incubated at 36fQ0 days. The ability of chitinase productionswahown
by a clear halo around bacterial colonies [55].

* Amylase production:

The amylase production was evaluated on nutrieat aghended with 1% of soluble starch [20]. Starch
medium plates were inoculated with bacteria andibated at 30°C for5 days. After incubation perititg
plates were flooded with iodine solution, kept ominute and then poured off. The appearance afzbae
surrounding the colony indicates positive for gtangdrolysis test [36].

*Cellulase activity:

The isolates were inoculated on King B agar medplates amended with 1%of CMC (Carboxyl Methyl
Cellulose). The plates were inoculated and incubate80°C for 5 days, after they were flooded \@tingo red
solution (1% w/v)and kept for 20 min, and followeg washing the plates with solution of NaCl 1N. fRation
of clear zone indicates cellulase degradation.

*Lipase activity:

Bacteria were inoculated on nutrient agar amendéd egg yolk [48]. After 48h of incubation, the fda
were flooded with a saturated solution ofCy%@d dried for 15 to 20min at room temperature. djygearance
of blue greenish color on the surface around thengandicates the production of lipase.

*Pectinase activity:

The pectinase activity wasscreened using King Bimmdamended with 0.5% pectin. The plates were
incubated for 48h, flooded with iodine solution akept for 30min. The appearance of clear halo atoun
colonies indicates pectinase production[20].

*Protease activity:

The assay for protease production was determined blgar zoneon skim milk agar plates,obtained by
mixing 1 g of agar suspended in 50 ml of distilegter, with 5 g of skimmed milk powder suspende8Gmml
of distilled water[16].

Screening antagonistic activity in vivo againstnearum andF.pseudograminearumand evaluation of
promotion growth:

Two experiments have been performed:

-The first experiment was designed to test theraatéon between bacterial strains and two fungalhies
(antagonistic activity). Eleven isolats were usedvaluate there ability for disease suppressite. Selection
of strains was based on the: phosphate solubdizatidex, production of siderophores, and productiblAA.
Thestrains were grown at 30° C / 24 hours in notrigoth thenthe cultures were adjusted to a dewsitl(®
bacteria / ml for each strain. The durum wheat seeere surface sterilized in ethanol for one mirand in
sodium hypochlorite for 15 minutes, followed by témes washing with sterile distilled water, afteere
allowed to grow in petri plates having sterilediltpaper, at 20° C for 5 days. The germinated seeds then
transplanted in plastic pots containing sterilized, inoculated with 2 ml of bacterial suspenspar plant, and
placed in a growth chamber under standard conditibhe plants were watered regularly with distilkdrile
water. One week after, the plants were infecteti &l of Fusariumper plant (The inoculum of pathogen was
prepared in two flasks containing a sterile liqudDA inoculated with two Fusarium strains separately
F.culmorumandF.pseudograminearumTen plants per treatment were used in this Biants containing none
pathogen were treated as positive control. Theuatian of the desease was carried out for 45 dagedon a
rating scale of symptoms proposed by [62], anduihet! four values from zero to three: 0, no symptams
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slight or moderate yellowing of the plant, sligldilar rot; 2, moderate or severe yellowing of thaves with
browning of the rod,and important collar rot and¢@®ary roots, and 3, death of the plant.Basedheset
ratings, the disease index was calculated.

-The second experiment evaluated the promotion tir@ivbacterial isolates, and included only the sam
bacterial treatments, and in the same conditioalizesl in the first experiment. Five replicates evperformed
for each treatment, with 2 plants per replicatdeABO days of planting, morphological charactarssof each
plant were recorded: plant height, root length, tredbiomass as fresh materiel and after ovendragd35°C
overnight.

Molecular identification:

The isolates showing the best potential of PGPRitieswere selected for molecular identificatioasied
on 16S rDNA sequence analysis. The DNA of the teslavas extracted using the QIAGEN kit (DN easyo@lo
and Tissue Kit for purification of total DNA) acating to the manufacturer’s instructions. The angdifion of
the 16SrDNA gene (1.5 Kb)was carried out by PCRnaisithe universal primers 27f (5'-
AGAGTTTGATCMTGGCTCAG- 3') and 1492r (5'-GGT TAC CTGTT ACG ACT T-3"according to[61].

The reaction was carried out with 25ul of solutmmtaining 5ul of DNA, 1.5ul of each primer (5uM),
0.64 dNTPs (10mM), 1.5 pl Mgg&P5mM), 6.66ul ultrapure sterile,®(LP), 0.2ul of Tagpolymerase (5U/ml),
and 5pul of PCR buffer (x5 Gren Go taq). The andifion reaction was performed in a thermo-cycl€ZRP
System 9700, AppliedBiosystems),programmed foréinintycle 0of94°C for 5s, followed by 35 cycles ®4°C
for 1s, 55°C for 1s, 72°C for 1s, followed by aafiextension at 72°C for 7min.PCRfragments obtaiwede
sequenced using the automatic sequencer at DNAefgdmalyser 3500, Applied System,HITACHI). The
nucleotide sequences of 16 rDNA were subjected tolastB Analysis with NCBI
database(http://www.nchi.nim.nih.gov/Blast.cgi).

100+
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Statistical analysis:

Plant growth promotion data were analyzed sta#iljicusinga software Minitab 13 program, by
performing an analysisof variance (one way ANOVAhe significance of differences between mean values
was evaluated by LSD.

Results:

A 60 isolates were obtainedon King B medium fromeathrhizosphere soil showing fluorescent colonies.
Nearly all the strains were Gram-negative, exéigptisolates that were gram-positive, and werdwaded from
further testing (Figure 1).

The 55 strains were tested on the basis of cultumalrphological and biochemical characteristics as
described in Bergey's Manual of Determinative Beotegy [36]. They were characterized as fluoresce
Gram-negative, tested positively for oxidase tesbpility, Arginine dihydrolase, did not grow at 42°and
showed antagonistic activity agaifatsariumculmorunandFusarium pseudograminearumhese isolateswere
assumed to belong to fluoresc&seudomonas spfTable 1).

The isolates showed a different response with Isoftborn phatogerrusarium culmorum(Fusl) and
Fusarium pseudograminearuffrus 7). The most potential isolates were the fealates out 55, which have
numbers of Ps4, Ps61, Ps50, and Ps43 with in intriition index of Fusl 39.22%, 32.94%, 32.16%l an
31.37% respectively; and the isolates wich havebrammof Ps34, Ps15, Ps11, and Ps57 with in vitioition
index of Fus7 45.83%, 43.11%, 41.78% and 40% reisede (figure 2).

Siderophore production and ammonia production:

All 55 isolates showed no positive result for Arfeassay, while FeGlassay showed a positive result for
Hydroxamates type of siderophore. The CAS assaywesth orange halos color around 90.9% colonies, thigh
largest diameter observed in two strains, Ps9 &id PL7 mm), followed by 15 mm of diameter in stsaPs7,
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Ps8, Ps4 and Ps53 ( figure 1 and table 1). Thetiqaiire estimation of siderophore production shdwleat 42
strains (76.36%) produced siderophore in liquid inex ranging from 2.56% to 93.46%.

Another important trait of PGPR, that may indirgdtifluence plant growth, is theproduction of amnaon
All isolates were able to produce ammonia, this determined in peptone water after the additioNisEler’s
reagent; development of brown to yellow color irdé@&s ammonia production (Table 2).

IAA production, Catalase and HCN production:

IAA is the phytohormone known to enhance plant dlowAll 55 bacterial strains were tested for
qualitative IAA production, showing a pink colortef addition of Salkowsky's reagent, except stiasil
showed no color. For the quantitative estimatidh49% of strains produced an IAA ranging from 1pigml
to 28.87 pg/ml, with the highest amount recordedsfoain Ps6. All isolates were found to be camlpositive,
strong effervescences of, @&volved when 6% of D, solution was flooded on the colonies grown on Kihg
medium. This indicates a positive result for caalproduction.HCN production was observed in col@ange
of filter paper from deep yellow to orange, in oBly strains, andthe higher ability was appeareditim strains
Ps18, Ps26 and Ps 65 (Table 2).

Phosphate solubilization:

The 55 selected strains were tested for theirtghii solubilize inorganic phosphate on a solid med
containing Ca(PQy),as the sole source of phosphorus. After 7 dayaaftiation, 96.36% of isolates produced
a clear zone around the colony translated qual@aolubilization of phosphate. The isolates exbibdifferent
sorts of phosphate solubilizing index (PSI) rangdiragm 1 to 7.66. This variation in substrate’s imtition by
these strains could be due to the difference iir theganic acids production (Figurel and table Phe
guantitative estimation of soluble phosphate onitignedium was determined after 11days of incolpatiA
76.36% of isolates solubilize the phosphate in earfgom 4.5 pg/ml to 723,8y/ml. Despite that no amount of
solubilizing was observed on liquid medium of theaim Ps10, though it showed the highest index of
solubilization (PSI=7.66) (table 2)

Enzymatic activities:

The improvement of biocontrol efficiency and plgnbwth promoting was also observed in production of
different enzymes. All strains showed a positiveutewith catalase test, and only one strain (Pshbwed
amylase activity. While chitin activity was detettenly in nine strains with the observation of @yé&ahalo zone
(25 mm) on strain Ps66. Production of plant polymmgdrolytic enzymes involved in pectinase, andutatie,
was observed in all strains with variable quargitieat were visible by formation of clearance zone.

The results of lipase test revealed that 48.21%s(@ains) of isolates produced lipase enzyme. Blytte
enzyme production was detected in 51.78% of iselé28 strains) by formation of a clear zone aroceits on
skim milk agar medium (Figure 1, Table. 3).

Based on the above results, 11 isolates were sdiees7, Ps8, Ps12, Ps14, Ps17, Ps47, Ps52, R§h3, P
Ps66, and Ps68 for the following experiments.

Disease suppression in plants and growth promotion:

The inoculation of wheat plants with a mixture @fcterial isolates and fungal strains, generateceakw
attack of pathogens. However, the percentage aftplmoculated only by.culmorumhaving a score of
symptoms>2 was observed on 90% compared to those inoculaidd F.pseudograminearunonly; the
percentage observed was 70%. When bacterial csltueze applied to the soil, they improved diffehgtihe
attack of the plant against the pathogendulmorumor F. pseudograminearungTable 4).

The selected bacterial strains significantly enkdnall growth parameters compared with the infested
control (Table 5). At 30 days, the height of plaintsll treatments was better and taller than the-imoculated
except one treatment with strain Ps52; which waallemthan the control. And the same treated plaintsved a
variation in the fresh and dry weight compareti® ¢ontrol. As might be expected, the reductiodiséase by
PGPR treatments was accompanied by an increasknb growth. However, growth measurements on un-
infected plants indicated that the PGPR straingutebt also directly promote the growth of wheat.

Bacterial identification using 16s rDNA Gene Sedquen

Based on the maximum positive results of plantmoiing growth traits of the isolates, 9 of straimare
selected, and were the aim of a molecular chaiiaatemn using the sequencing of the 16s rDNA gdieo
strains were identified aB.fluorescensstrain DmBR 2; Two strains were identified RSluorescensstrain
NITDPY, One strain was identified &seudomonasp. EP_S 49, One strain was identifiedRafluorescens
strain dqe01,0ne strain was identified Rseudomonas fluorescers506, One strain was identified as
Pseudomonas fluorescestsain B-Exp9, and One strain was identifiedPageniculatastrain MD 05.All results
were shown in (Table 6) with accession number ardgmtage of similarity.
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Discussion:

The increasing importance of beneficial bacteriagmiculture has resulted in many efforts to ismlahd
identify bacteria associated with the rhizosphdnglants, in order to trace their roles in pland\gth promotion
and protection against phytopathogens. The aimghiefstudy was the screeningPstudomonasfluoresens
strains in the rhizosphere of Wheat from Constantagion , the measurement of their plant growtination
and their antagonism activities against two soilAeofungal pathogengzusarium culmorumand=usarium
pseudograminearun® total of 55 strains were isolated and identifées fluorescerfPseudomonaaccording to
morphological and biochemical characteristics adieed in Bergey’s Manual of Determinative Baaitryy
[36]. The antagonistic action of these same strdidsiot seem to be specific for the pathogenicagesome
cases, but a broad-spectrum efficacy has beenwauseacting at the same time on several fungahisslof the
same generd( culmorumandF. pseudograminearum

Additionally, the beneficial effects dPseudomonas fluoresemse associated with their mechanism and
metabolites. Moreover, certain PGPR possess maredhe plant growth promoting mechanism [33]. Uthan
examination of their siderophore production, alblates were able to produce hydroxamates type of
siderophore, with about 90.9% of isolates and tla&imum of production reachs 93.46%. Similar reswds
obtained by [11] and [48], who concluded tiRgeudomonas fluoresceshowed formation of hydroxamate
type. Other reports stated that the productioridgrephore sequester iron in the root environmeamd, making
it less available to the competitive deleteriougroflora [8;11;21]. Chlorosis is a condition in whileaves
produce insufficient chlorophyll. Siderophore promhg microorganisms significantly increase chlorglbh
concentration in leaf. Jurkevitch et al, [38] obsel that siderophore producingseudomonasmprove
chlorophyll content and concluded that sideroptpmucing bacteria may have a potential role intrating
lime-induced iron deficiency in plants. Indole-3#c acid (IAA) is a member of the auxin family of
phytohormones that influence many cellular functiém plants and therefore are important reguladdnslant
growth and development. In addition to productiorpiant tissues, IAA synthesis is widespread amulagt-
associated bacteria and provides bacteria withchamésm to influence plant growth [50]. Almost ti@jority
of isolates producedgrowth-promoting hormone IAAmifar results were reported by [31], showed that
Pseudomonasp. Strain OG produced 29 pg/ml, @dseudomonas fluoresce@HAO can produce up to 32
pa/ml of IAA [32]. HCN is produced by many rhizolbeda and is postulated to play a role in biolobgxntrol
of pathogens [19]. The production of HCN by certstirains of fluorescerRseudomonabas been involved in
the suppression of soil borne pathogens [65]. Rstance, in the previous experiment, six straing simowed a
production of HCN. Lanteigne et al, [43] isolate@€MN producingPseudomonaand observed their biological
control activity. Other report suggests that HCI¥ hatimicrobial activity and effectively controtsetgrowth of
plant pathogenic fungi. GenuBseudomonass one of the leading bacteria which inhibit theowgth of
pathogenic fungus in agriculture fields.

Another important plant growth promoting trait o6PR is the phosphate solubilization, where bacteria
expected to promote plant growth by increasing phosus uptake [34]. Theisolates obtained from the
rhizosphere of wheat were tested for their efficienf Phosphate solubilization, and approximated@o7of
strains showed a positive result, both in solidiguid medium.Ruchi et al, [57] had a similar obssion,
among 26 of thé’>seudomonas fluorescersdlates, only 10 isolates showed a diameter edirckone ranging
between 17-22 mm. Others results have also bearteepby [60];when the largest phosphate solulijzi
index was created byseudomonasp. with PSI= 2.98. It is evident from the in wittests that both
solubilization of inorganic P and phosphatase #gtiimineralization) can coexist in the same bdatefao et
al, [61] reported the coexistence of both capabdiin a single bacterium. These results are cemgisvith
those of [60].

Pseudomonas fluorescehnas the ability to produce the cellulose enzyna¢ degrades the fungal cell wall.
This is an important mechanism of fungal inhibitigvith pectinase production; which is known to tata the
pectic substance through the depolymerisation'sti@a These enzymes have the role in preventiagtgtom
infection caused by pathogens [54]. Extracellulaade and protease can contribute to the abilityazteria to
suppress fungal diseases. Meanwhile, the productidhese components by many of isolates demoapsirat
valuable potential of PGPR for biological contrBbme ofPseudomonaspecies as a group of PGPR can be
involved in the control of plant diseases [3].

Pseudomonas fluorescehas been shown to increase seed germinationanabshoot length, and seedling
vigour in several instances [25;39;53]. Manikandad Raguchander, [44] indicated that Pf1 liquidrfolation
reducedrusariumwilt disease, and at the same time Pf1 liquid fdetion triggers activity of defence enzymes
in tomato roots during the infection Bf oxysporunf. sp.lycopersici In fact, different wheat pathogens play a
direct role in the destruction of natural resourgesagriculture. Traditional use of chemical padis to
suppress these pathogens is currently under revéiie to public concern about the impact on huneaith
and on the environment. For this reason, the istere biological control has been increased regejib].
Diverse PGPR produce anti-fungal metabolites ssddAPG [46], siderophores and secretion of lytizyenes
that may reduce the growth of phytopathogens ptésehe rhizosphere [19]. Mavrodi et al, [46] haselated
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new strains oPseudomonaom agricultural soils, river silt, and soils froherbarium specimens that show the
ability to reduce disease symptoms of b&th solani and Pythium ultimum two wheat soilborne fungal
pathogens; correlated with growth promotion of viteeedlings at the same time. Plant growth promatiay
reflect the phyto-stimulatory properties of theseteria, including IAA synthesis and P-solubilieati Sari et
al, [58] also observed that all tRRseudomonaisolates significantly reduced diseases incidarfogheat take-
all compared tdsgt only control.Pseudomonas fluoresce@$HA andP. fluorescendiolll (21p) were more
effective in reducing take-all than the other isedatested, and seed inoculation viR$eudomonas fluorescens
biolll (21P) sinificantly promoted root fresh, asdoot dry weight.

Table 1: Morphological and Biochemical characters

Biochemical characters Reaction

Number of isolates 55strains

Gram reaction Negative

Cellshape Rods

Fluorescent pigment yellow to greenish

Oxidase test +

Catalase +

Arginine Dihydrolase +

Gelatin hydrolisis 94.64% (afadihs)

Growth at 4°C +

Growth at 42°C -

Mannitol 73.21% gtrains)

Table 2: Characterization of plant growth promoting traits
Isolates Phosphate solubilization Siderophore production IAA Production

Halo
Production of F % of sidro zone
Index (ug/mi) production Catechols (mm) Hydroxamates pg/ml

Ps1 2,5 4.5 17,37 - 6 + 2,25
Ps2 25 298,8 36,76 - 10 + 0
Ps4 4 127,5 19,96 - 8 + 11
Ps6 0 64,8 62,39 - 13 + 28,875
Ps7 2,6 0 65,89 - 15 + 7,25
Ps8 2,33 0 59,93 - 15 + 18,4583333
Ps9 2,83 154.,8 72,93 - 17 + 3,75
Ps10 7,66 0 4,25 - 3 + 4,375
Ps11 0 0 0 - 5 + 0
Ps12 3,5 251,7 3,46 - 5 + 10,875
Ps13 0 0 25,83 - 10 + 6,16666667
Ps14 5,25 100,5 0 - 2 + 7,33333333
Ps15 4 500,1 0 - 3 + 11,0416667
Ps16 4,25 419,7 0 - - + 1,75
Ps17 2,66 173,3 91,9 - 17 + 10,4583333
Ps18 2 329,9 0 - 2 + 5,41666667
Ps19 2,66 0 73,79 - 13 + 7,16666667
Ps22 0 29,8 56,94 - 10 + 7,375
Ps23 1,5 108,4 80,03 - 13 + 3,91666667
Ps25 0 183,3 56,33 - 11 + 7,5
Ps26 2 0 0 - 3 + 10,5833333
Ps29 3,2 313,4 71,14 - 13 + 10,7916667
Ps30 14 269 0 - - + 1,125
Ps31 4,66 173,7 24,25 - 7 + 5,75
Ps34 3,33 367,7 23,24 - 8 + 5,83333333
Ps35 3,4 37,6 22,93 - 9 + 10,5
Ps37 4 0 0 - 3 + 3,375
Ps40 3 479,7 34,32 - 10 + 13,2916667
Ps42 15 4954 78,39 - 15 + 10,6666667
Ps43 3,75 686,3 63,95 - 11 + 10,5833333
Ps43 1 3,2 0 0 - 4 + 0,91666667
Ps45 2,33 37,2 0 - - + 14,5
Ps47 0 0 92,06 - 13 + 19,75
Ps50 2,75 0 17.74 - 8 + 10,1666667
Ps52 15 2127 85.64 - 10 + 9,83333333
Ps53 2,75 0 93.46 - 15 + 4,58333333
Ps56 3 120,3 30.30 - 8 + 8,66666667
Ps57 1 0 35.75 - - + 7,375
Ps60 3,4 458,4 20.70 - 9 + 8,29166667
Ps61 1,66 388,5 17.88 - 8 + 10,9166667
Ps62 15 0 39.38 - 9 + 7,33333333
Ps63 0 0 35.47 - 11 + 13,625
Ps64 1 548,9 0 - 2 + 11,875
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Ase

Ps65 4 0 0 - 3 + 17,9583333
Ps66 1 697,6 26.73 - 11 + 25,125
Ps67 2 573,3 20.10 - 7 + 2,58333333
Ps68 14 632,9 14.20 - 11 + 8
Ps69 4 0 24.46 - 9 + 13,625
Ps70 14 0 22.24 - 10 + 9,25
Ps70 2 15 0 0 - 2 + 1,66666667
Ps71 1,75 0 02.56 - 2 + 9,95833333
Ps73 1 233,4 33.03 - 7 + 4,70833333
Ps74 3,5 723,3 83.65 - 14 + 11,4166667
Ps77 1 503,6 24.64 - 8 + 9,20833333
Ps78 3,5 577,1 37.68 - 11 + 10,2083333
Table 3: Enzymes production results of selected isolates.
NH3 HCN Chitinase | Cellulase | Pectinas¢ Protease Gelatin
Strains | Lipaseactivity | production | Amilaseactivity | production | Halo (mm)
Psl - + - - - + + + +
Ps2 - + - - - + + - +
Ps4 - + - - - + + - +
Ps6 - + - - - + + - +
Ps7 + + - - - ++ + - +
Ps8 + + - - - ++ ++ + +
Ps9 - + - - - ++ + - +
Ps10 - + - - - + + - +
Ps11l - + + - - +++ +++ + +
Ps12 - + - + - + + - +
Ps13 + + - - - ++ + + +
Ps14 - + - - - + ++ - +
Ps15 - + - - - +++ +++ - +
Ps16 - + - + - + + + +
Ps17 + + - - - +++ +++ + +
Ps18 + + - +++ - + + + +
Ps19 + + - - - +++ +++ + +
Ps22 - + - - - +++ +++ - +
Ps23 + + - - - +++ +++ + +
Ps25 + + - - - ++ ++ - +
Ps26 + + - +++ - + + + +
Ps29 + + - - + (18) +++ +++ + +
Ps30 - + - + - + + + +
Ps31 - + - - - + + - +
Ps34 + + - - - + + + +
Ps35 + + - - + (20) +++ +++ + +
Ps37 - + - - - + + - +
Ps40 + + - - + (16) +++ +++ - +
Ps42 + + - - - +++ +++ + +
Ps43 + + - - - ++ ++ + +
Ps43 - + - - + (17) ++ ++ + +
Ps45 - + - - +(21) + + - +
Ps47 + + - - +(15) ++ ++ - +
Ps50 - + - - - ++ ++ - +
Ps52 - + - - - + + - +
Ps53 - + - - - + + + +
Ps56 - + - - - + + - +
Ps57 - + - - - + + - +
Ps60 + + - - - ++ ++ + +
Ps61 + + - - - + + - +
Ps62 - + - - - + + - +
Ps63 + + - - - ++ ++ + +
Ps64 - + - - - + + - +
Ps65 + + - +++ - ++ + + +
Ps66 + + - - + (25) ++ + + +
Ps67 - + - - - + + - +
Ps68 + + - - - + ++ + +
Ps69 + + - - - ++ + + +
Ps70 + + - - - +++ ++ + +
Ps70, - + - - - + + + +
Ps71 - + - - - + + - +
Ps73 + + - - + (16) + + - +
Ps74 + + - - - ++ + + +
Ps77 - + - - - + + + +
Ps78 + + - + - + + + +

Note: +++ High production, ++ Medium productionl.ew production, - No production
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Disease Index

Treatements Witbhuimorum With F.pseudograminearum
Control 2.3 (90) 1.9 (70)
With Ps 7 1.5 (50) 0.3 (0)
With Ps 8 0.2 (10) 0.5 (20)
With Ps 12 0.5 (0) 0.2 (0)
With Ps 14 0.9 (20) 0.4 (0)
With Ps 17 1.3 (30) 0.9 (10)
With Ps 47 1(30) 0.4 (10)
With Ps 52 1.2 (20) 0.4 (0)
With Ps 53 0.2 (0) 0.5 (20)
With Ps 65 0.9 (0) 0.3 (0)
With Ps 66 0.9 (20) 0.4 (10)
With Ps 68 0.7 (30) 0.4 (0)

NB: The values in parentheses represent the pagewf plants that had a sceiz

Table 5: The effect of isolates on growth of Wheat.

Treatment | Mean length (mm) Mean fresh weight(cg) aiMdry weight(mg)

Shoot Root Shoot Root Shoot Root
Control 28,8+0,78 312° 31,1+0,78 140,87 29,6+0,69 29,8 20,43
Ps 7 28,600,541 28,1+0,78 23,6+0,69 23,5+0,52 19,7+0,48 29,4+0,84
Ps8 32,6+1,17 33,4£0,5% 41,2+0,782 19,540,687 39,6+0,5% 29,60,6¢'
Ps12 33,7£1,18 23,1+0,87 32,8+0,78 18,70,67 29,8+0,4% 32,3+1,49
Ps14 32,3:0,48 26,6+0,51 17+0,66" 11,80,63 29,6+0,69 27,6+1,26"
Ps 17 29,6+0,51 22,4+0,5% 24,940,738 10,60,51 29, 120,87 27,4+1,07
Ps47 32,9+0,87 26,9+0,87 36,5+£2,7% 20,9+0,87 32,3+0,67 28,4+0,84
Ps52 25,8+1,03 15,8+1,03 24,940,738 11,10,7" 22,7+0,48' 16,60,51"
Ps53 29,5+0,52 280,8F 36,7£1,08 14,520,5% 41,7£1,49 41,9+0,99
Ps65 28,9+0,87 18,7+0,82 23,2+0,78 1520,94 28,5¢1,08 24,8+0,7¢
Ps66 29,8+0,91 34,8+1,08 29,3+0,94 21,8+1,68 26,6+0,84 34,4+1,57
Ps68 29,5+0,52 29,4+0,69 31,9+0,87 19,520,532 35,1£1,37 3210,94°
LSD 0,729 0,843 0,999 0,721 0,772 0,900

NT: Control (without bacteria), The data are présérihe means + SD. Different letters indicateistiaally significant difference evaluated

by LSD.

Table 6: Identification of isolates based on 16s rDNA mrsequence analysis.

Isolate Identified as Yosimilarity Accession number Organism, strain

Ps7 Pseudomonas fluorescens 98% KR267325 P.fluorescenstrain DmBR 2
Ps8 Pseudomonas fluorescens 98% KR267326 P.fluorescenstrain NITDPY
Ps12 Pseudomonassp 98% KR267327 Pseudomonas 9pP_S_49
Ps26 Pseudomonas fluorescens 99% KR267328 P.fluorescenstrain dqe01
Ps34 Pseudomonas fluorescens 98% KR267330 P fluorescenstrain NITDPY
Ps43 Pseudomonas fluorescens 94% KR267331 P.geniculatastrain MD 05
Psa7 Pseudomonas fluorescens 98% KR267332 P fluorescen#\506

Ps65 Pseudomonas fluorescens 89% KR267333 P fluorescenstrain B-Exp9
Ps66 Pseudomonas fluorescens 98% KR267334 P fluorescenstrainDmBR 2
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Fig. 1: Growth promoting properties and extracellular eneyantivity of isolates.

(a) Picture of the isolates under an UV lamp, showihgrescent colonies,bf+(c) Screening for
antagonistic activity against respectiveljusarium culmorumet Fusarium pseudograminearym(d)
Microscopic photos showing Gram negative bacta)i&(earing zone around the colonies indicatingahiity
of this isolates to solubilize phosphate in Pikoaysk agar mediumf)(Pectinase activity,g) HCN production,
(h) Catalase test result) Cellulose activity(j) Lipase activity, k) Chitinase activity, |j Gelatinase hydrolisis,

(m) Protease activityn) Siderophore production.

H inhibition index(%) of Fus 1
H inhibition index(%) of Fus7

|

T

_Inhibition index(%)
O U o L1 o 11 o »
4
Ps2 m—————
—
Psp ——r—
PS8 et |
Psl) |
2 |
P T —— ‘
m ‘
r |
— { !
I N R ——
=
4
—_—
P47 em—
PS5 e—
Ps62
Ps6d ===
Ps6p i
Ps70
=l
—
Ps74 |

Ps37

o
<

n
o

Isolates

Fig. 2: Invitro inhibition of Fusarium culmorum(Fusl)and Fusarium pseudograminearuffus7). Results
shown as means + SD.

Ps12 A
Ps14 +
Ps16
Ps18
Ps25
Ps29
Ps43-1
Ps56
Ps60
Ps68
Ps71
Ps78



113 Fatima Zohra Sebihiet al, 2016
Advances in Environmental Biology 10(5) May 2016, Pages: 102-115

Conclusion:

This study concludes that strainsRgeudomonas fluorescensolated from wheat rhizospheric soil from
the region of Constantine(Algeria), showed variaiio their plant promoting characteristics prodoctiSuch as
siderophore, IAA production, solubilization of plptste, ammonia and extracellular cellulase,
pectinase,protease, lipase, chitinase and HCN,ddratcontribute to the ability of these isolatesstppress
fungal diseases. Based on the positive resultseofihtagonistic effect of selected strains, ihisriesting to use
the PGPRPseudomonas fluoresceas inoculants biofertilizers to replace chemiestilizers and pesticides for
Wheat.
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