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ABSTRACT

Plant growth-promoting rhizobacteria are a group foée-living bacteria that colonize the rhizosphehe the
present study, 12bacterial isolates have been tsdlfrom the rhizosphereof chick pea cultures. Bodates have
been screenedfor their capacity to produce paréicuhetabolites (hydrocyanic acid production HCNoriganic
phosphates solubilizationand the proteins hydrslysaind also screenedfor their antifungal activitgamst
Fusariumoxysporum f. sp. ciceris.All isolates hgwvesented a good antagonistic activity againstFusabxys-
porum f. sp. ciceris.Compared with the others imdasuch as NfA, NfD and NfC have manifested a good
proteolysis and phosphorus solubilizationcapacityhere the index varied from 1.83 to 3.03 and their
antagonisticactivity againstFusariumoxysporum f. §icerishasreached20%.Finally, the selected isdatvas
tested in vivo on the seedsgermination of chickpdere hasmanifested an interesting capacity tarteseed
germination and plants growth.In conclusion, théested isolates, NfA, NfD and NfC have presenteéxaellent
effect for promotion germination of the chick peagre the vigor index registered ranged from 14086.

Keywords: PGPR, diazotrophes, antifungal activity, germomgtAlA, HCN, proteolysis.

INTRODUCTION

In Algeria, chickpea is the second legume crop pced after beansThe chickpea cultivated territories have
progressively been extended during 1980 to 19900 the progressive evolution in consumption arel lgw
productivity implicated the return of Algeria to ethexterior market to make up the shortage in matfer
consumption needs by the importation of more tHzhA00 tons/year[2]

Algerian production of chickpea did not increaseéuse of low productivity and unstable outpGauses of
regression are agronomic, abiotic and biotic fact@®] The establishment and the success of chickpeareultu
depend on thenature of the rhizobacteriaflora. lateimerous authors havebrought back the impbeatif benefic
rhizobacteria or plant growth promoting bacteriaf} in the improvement of the soils quality, plagtewth and
plants resistance to pathogens.The use of thosterlzaas biofertilizersreduces chemical productsuiand
pollution risks. It also improves agricultural pradion.

Free living rhizospheric bacteria that have benefifectson plants belongessentially to gergsaudomonas,
Bacillus, Azorhizobium, Azotobacter,and BradyrhimabhGenerally, 2% to 5% rhizosphericbacteria are PGPR[4
PGPR may induce plants growth promotion by seveliagbct and indirectmechanisms. Direct mechanisms
includethe production of stimulatory bacterial ‘iés and phytohormones (such as auxins, cytokémds
gibbérellins), lowering of the ethylene level inapt, improvement of the plant nutrient status (kien of
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phosphates and micronutrients from insoluble s@jnen-symbiotic nitrogen fixation) and stimulatiohdisease-
resistance mechanisms (induced systemic resistadncirect effects originate for example when PG&Rlike bio
control agents reduce diseases or stimulate ot fizial symbioses [6, 7]

From the first studies on PGPR in 1950 years, reth®®GPR generahave beenscreened and evaluateatfiattates
and on fieldsthrough the world.Today, PGPR are ugsetthe developed country and theirinocula are iedpto
million hectares of cultures[8]

The aim of the present work wasthe isolation ofdtezotrophicPGPR fromchickpea rhizosphere, andtheening

of the isolates for their capacity to produce gattir metabolites (hydrocyanic acid production HG@hrganic
phosphates solubilization and the proteins hydig)y§urthermore, the antifungal activity of thela&tes strains has
been investigated against pathogenic flfggariumoxysporunandtheir effect on the germination and plant growth
promotion have been studiedon chick pea seed.

MATERIELSAND METHODS

Soil sampling and bacterial isolation

The rhizospheric soil samples (six) were colledtech fields growing Chickpead. arietinuni.) from the region of
west of Algeria(Table 1).For this purpose, 1g of rhizospheric soil samples waspended in 9 ml of 0.9% NacCl
sterile saline solution. Samples were seriallytdifuand a volume of 0.1 ml of each sample was dprkan N-free
Nourris agar plates, incubated at 28°C for 3 toygda

Table 1:Physical and chemical characteristics ofsoil samples.

Soil samples City pH| Total limestone Active limesto| Organic mattef Silf Cla Sand
AIN TOLBA 7.96 9.6 8.75 2.48 65 15 2Q
AIN TEMOUCHENT | AIN TEMOUCHENT | 8.04 12 5.62 6.16 55 15 30
MALEH 7.86 10.4 75 6.77 45 20 35
LAMTAR 7.95 9.2 6.25 3.85 55 10 35
TESSELA SIDI BEL ABBES 7.81 8.4 5.62 3.03 55 15 30
KAID BEL-ARBI 7.70 10 6.25 1.55 40 10 50

Biochemical characterization of rhizobacteria
The isolated, selected isolates were primary bimitally characterized by Gram’s reaction, catalest, motility
test,oxidase test, and the most interesting isplate identified by the using of APl E20 systemniification.

Characterization of rhizobacteria for PGP traits

Phosphate solubilization

The phosphate solubilization activityof the seldcksolates was carried out according to the desdrilnethod by
Nautiya[9] by the using Pikovskaya agar plates contaimicgicium phosphate [GEPOy),] as sole phosphorus
source. The presence of the transparent halos @rdlm grown colonies indicated the chsolubilizatioh

phosphate.Furthermore, the phosphate solubilizatiotivities were evaluated by calculation of phadph
solubilization index (SI):

S| = _colony diameter + halozone diameter
Colony diameter

Production of hydrogen cyanideHCN

All the selected phosphate solubilizationisolatesenscreened for the production of hydrogen cyabidthe using
of the adapted described by method by[10]. Bridfy used nutrient agar culture medium was suppigdewith
4.4 g glycine/l and bacterial strains were streaikedhe surface of the modified agar plate. A Wtaatrfilter paper
no 1 was soaked in a solution containing 2% sodarbunate solved in 0.5% picric acid solution waced at the
top of the plate. Plates weresealed with parafimubated at 28°C for 5 days. The development ahge to
redcolor indicated the production of HCN.

Protease production

The determination of the Protease production bysilected phosphate solubilization isolates, ireted in the
skim milk agar culture medium containing the follog components: pancreatic digest of casein 5 gstyextract
2.5 g, glucose 1 g, 7% skim milk solution 100 mi]jlincubated at 28°C for 2 days. The apparition ofearczone
around the grown colonies indicated the presentkeoproteolytic activity [12]
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Antifungal activity

The antagonistic activity of the selected phosplsatabilization isolates against pathogenic fungisvdetermined
by the modified dual culture method on PDA plat8§[lhe usedFusariumoxysporum f. sp. ciceftisnishedby
INRAA. For this purpose, a loopful of 3 days old bacteridtures grown in nutrient agar media, was stegh&n

tow side leaving 1 cm from the margin, and thenré disc of fungal pathogen culture was placed atcter of
the Petri plats. Plates without antagonist weregeskrs control. The plates were inoculated at Z8fQ@ days. The
antifungal activity was estimated from the inhibiti of mycelial growth of fungus in the direction attively

growing bacteria.The level of inhibition was cabeld by subtracting the distance (mm) of fungalginoin the

direction of an antagonistic isolate from the fungalius. The percent inhibition was calculatedloy busing of the
following formula:

% inhibition = (R - r) / R x100

Wheret' is radial growth of the fungal colony oppositethacterial colonyRR the radial growth of the pathogen in
control plate [14]

Seed ger mination assay

Rhizobacterial isolates were assayed for theiitgid promote seedling growth by the using therfiedidescribed
methods by [15] and Elliot and [16]. The surfacef3e@ere sterilized with 13° sodium hypochlorite &to 5 min,
washed with sterile distilled water for 8 times.eT$urface seeds were soaked with3 days old bddiesth cultures
containing at least f@ells/ml for 30 min. The seeds were kept on stexl filter paper(in Petri plates), incubated at
room temperature. Afterincubation times of 10 dagsrcent of seed germination, root and shoot length
wererecorded. The Vigor Index [17] was calculasd

VI (%) = (mean root length + mean shoot length)erngination %.

Data were statistically treated using STATITCFstatal program, Least Significant Difference (LSEst at
probability level 0.03 was used.Newman and keulstas used to separate the means when treatmelntated a
significant effect.

RESULTS

Soil analysisand Bacterial isolation

The primary analysis of samples indicated thatubed soil has alkaline pH-value with low proportmime and
good proportion of organic matter and presentirgjltg-sandy texture.Twelve successfully isolatedzdirophic
bacterial strains from chickpea rhizosphere werepmalogically and biochemically were identified. & bbtained
results indicated the selection of the ten motilelates, where eight strains manifested a positaetion with
catalaseTable 2).

Table2: Morphological and biochemical characteristic of isolates

Morphological characterization Nfl  Nf2  Nf8 Nf5  Nff Nf8 | Nf9 | Nfl0 | Nfll| NfA | NfD | NfC
Shape rod| rod] rod ovdl ro rod rqd rod rqd oyal |ovaval
Gram - - - - - - R R

Pigment brown - - - + - - - - - + T T
Motility + + + + - - + + + - + +
Catalase + - + + - + - + R + T T
Oxidase

The macroscopic observation of the isolated, setegthosphate solubilization strains indicated thes@nce of
circular transparent, shining, viscous, white tdlopeish colonies of 1 to 5 mm diameter. The bacieitolates
differed on cell-shape and colonies time apparition

The microscopic observation of the isolates NfADNNfC andNf5indicated the presence of a oval celtsere their
colonies appraised after 2 days incubation, whageidolates Nfl, Nf2, Nf3, Nf7 to Nf11 were rod amdjuired 3
days for colonies apparition. Furthermore, the atd NfA, NfD, NfC and Nf5 produced brown water
insolublepigment after 5 to 7 days incubation drartcolonies took a granulated aspect.

Plant growth promoting activities

The isolates were screened for in vitro plant prigngoactivities. The obtained results of PGPR trai¢seillustrated
in (Table 3).Hydrogen cyanide (HCN) production was observed avith isolates Nfl to Nf5. Isolates Nfl, Nf2,
Nf3, Nf8, eNf9, Nfl0, Nf11,NfD and NfC exhibited gtease (casein hydrolysis) activity.Four bacteisalates
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were able of solubilizing [GE8POy),]. Phosphate solubization index ranged from 1.13tdhe highest level of
phosphatesolubilizationwas expressed by the isbléte
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fungal Inhibition %
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Nfl Nf2 Nf3 Nf5 Nf7 Nf8 Nf9 Nfi0 Nfll NfA NfD NfC
isolates

Figurel:The antifangal activity of the selected phosphate solubilizationl solatesagaintFusariumoxysporum f. sp. ciceris

Figure2: The antifungal activity of the selected phosphate solubilizationisolate Nf10

Table3:Diazotr ophicisolates plant growth promoting char acteristics

Nfl | Nf2 | Nf3 | Nf5 | Nf7 | Nf8 | Nf9 | NflO| Nfll| NfA| NfD| NfC
P solubilization - - + - + - - - + + + +
P solubilization index| / / 1.1 / 1.1 / / / 11 | 303|183 | 183
Protease + + + - - + + + + - + +
HCN + + + + - - - -

The selected phosphate solubilization isolates wemeened for antifungal activity agaifstsariumoxysporum f. sp.
cicerisThe obtained results showed that all the isolatesehmanifested antagonistic activity against
Fusariumoxysporum f. sp. Cicerisherethe inhibition rate varied from 14% to 61%eThaximum antagonistic
activity was observed by the by both selected phaispsolubilization isolates Nf3 and Nf10 with inition rate of
61%, followed by both selected isolates Nf8 and(Nfidth (56%). Furthermore, the lowest antagoniatitivity was
shown by isolate producing pigmentation (Nf5, NM{B and NfC).

Seed germination assay
In order to explore the effect of the inoculatidrttte selected phosphate solubilization isolatesdgyermination of
chickpeahas been investigated. The obtained reshtisved that the isolates seed inoculation hasifisigmitly
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affected chickpea seed germination percent, skgjth, root length and seedling vigor. The highesponse for
seed germination percent, shoot length and vigiexrhas been recorded with isolates Nf5, NfA, Nfd &lIfD.The

isolate Nf5 has manifested a negative effect ol $eet length. Furthermore, the rest of the ingeg8d isolates
showed a negative effect on chickpeagerminatiomrpaters, where the means recorded for these isolatee

lower than control means. The lowest response éas bbserved with the isolate Nf2.
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Figure 3 : Effect of the selected phosphate solubilizationisolates seedling inoculation on ger mination per cent
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Figured: Effect of the selected phosphate solubilizationisolates seedling inoculation on vigor index
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Figure5 : Effect of the selected phosphate solubilizationisolates seedling inoculation on chickpea ger mination.
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Figure 6:Effect of the selected phosphate solubilization isolatesinoculation on chickpea seedling shoot an root length

Bacterial identification
Based on their PGP traits and effect on chickpemigation, Isolates Nf5, NfA, NfC and NfD has beshosen to
be identified by the using APl E20 system idendifion, where the obtained results are presentéDalle 4).

The selected phosphate solubilization isolates ,(Nf&, NfD and NfC) were oval shape cells, no spfooming,
cyst forming and brown pigment producing. Theirwgnocolonies presented in granulated aspect aftarabdays
incubation. Biochemically identification, indieat that the selected phosphate solubilization tiesl@Nf5, NfA,
NfD and NfC) were oxidase, catalase, ADH, TDA, gise and arabinose positive and ODC, H2S, VP aratigel
negative. Furthermore, the isolates presentedrdiffereactions to the rest of tested substratsoriicg to the
mentioned characteristics, isolates were identidigfizotobacter sp.
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Table4: Biochemical characteristic of isolates Nf5, NfA, NfD and NfC

Morphological and biochemical characterizatipn Nf5 NfA NfD NfC
Spore - -
Brown pigment + + + +
Kyst + + + +
Oxidase + + + +
Catalase + + + +
ONPG + -
ADH + + + +
LDC + -
OoDC - - -
CIT + + +
H2S - - -
URE - - - +
TDA + + + +
IND - - + +
VP - -
Gelatine - -
Glucose + + + +
Mannitol - + +
Inositol + + +
D-Sorbit + + +
L-Rhamnose - + +
D-melibiosa + + +
D-sucrose + + +
L-Amygdalin - + - +
L-Arabinose + + + +
Identification Azotobactersp | Azotobactersp | Azotobactersp | Azotobactersp
DISCUSSION

Nonsymbiotic nitrogen fixation is known to be ofegt agronomic significance. Free Nitrogen-FixingFiRBvere
the first investigated strains for the improvemefnplant growth. The estimated contribution of fiteéng nitrogen-
fixing prokaryotes to the nitrogen input of soihgges from 0 to 60 kg ha/l year.

In the present study, 12 free nitrogen fixing baatdas been isolated from chickpearhizospheregedhas their
aptitude to grow on the culture medium of Norrigrdijen free agar. The microscopic observation atdid that
selected phosphate solubilization isolateswereaan/al Gram negative bacteria, where eight matgtea positive
reaction of the catalase activity. The bacteriahiss possessing catalase activity must be higbgistant to
environmental, mechanical and chemical stress.Th@] isolates presented several PGPR traits; otiar i
fixation, six isolates were able to solubilize iganic P, phosphate- solubilizing microorganismsdpo@ a major
contribution to overall plant P nutrition and grévand have increased yields of many crops. Thgy teeminimize
the application of P-fertilizer, reduce environnamtollution, and promote sustainable agricultdr@]Nine isolates
manifested protease activity, where and only famlates produced HCN.The selected phosphate sahtinh
isolates (Nf5, NfA, NfD and NfC) showed an excetlemtagonistic activity againgtusariumoxysporum f. sp.
cicerisThe isolated, cultivateézotobacteon Muller-Hinton mediumhas manifested a broad spettantifungal
activity againstAspergillus and more species &lusariumandRhizoctoniabataticol@].Generally, the diazotrophs
are able to decrease considerably the deleterifet®of plant pathogens mostly through the sysithef antibiotic
and fungicidal compounds, through competition fatrients or by the induction of systematic resistano
pathogens[5[The investigated isolates on mannitol motility agadicated that nine of the twelve isolates were
motile, where the motility was required for sucdéekkizosphere colonization[2ome of the above investigated
isolates could exhibit more than two or three P@RS, which may promote plant growth directly ndirectly or
synergistically. Similar to our findings of multelPGP activities among PGPR have been reportedany mwither
workers [21].The cultivation of selected phosphstdubilization isolates (Nf5, NfA, NfC and NfD)3 y& has
produced a colonies with brown color with a gratedaaspect. The microscopic observation indicatedptesence
of oval cells, kyst forming, motile, catalase angydase positive. Furthermore, the study of biocleaimproperties
showed gelatin and 43 negative, glucose positive and mostly mannitditp@ and isolates NfC and NfD were
rhamnose positive. Theses cultural characteristiessimilar to those reported in the literaturelfacteria from the
genusAzotobactgR2, 23]The application of isolates Nf5, NfA, NfC and NfDhaignificantly improved chickpea
germination, which was clearly expressed via thgovindex obtained.The Vigor index reflected thaltfeof the
seedlings produced, where the high value indictitedbest seedling health.

The Vigor index showed that, generally, PGPR inattoh had a positive influence on plant growth paeters
[24].Similarlyresults have been reported by Saikia aodvorkers [25],where the seed germination of chizkp
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Cicerarietinumhas been increased. However, the yield improvemvastattributed to the ability #zotobacteito
produce plant growth promoting substances sucthgmpormone IAA and siderophoreazotobactin, rathan to
diazotrophic activity [5].

CONCLUSION

From the obtained results, the antagonistic agtivitthe selected phosphate solubilization isolés, NfA, NfD
and NfC) againstusariumoxysporum f. sp. Cicenss been exploredrhe selected strains were identified as
Azotobacteit would be of interest to find out which functidrgroup is responsible for thentagonistic activity of
the selected phosphate solubilization isolates(INf8y, NfD and NfC) and also whether any of themaigovel
compound with antagonistic activity which would dseplant growth promoting for seed germinatiorchickpea.
Further studies involving the purification of thiseenical compounds of the secondary metabolite medily the
selected phosphate solubilization isolates (Nf#,NNfD and NfC), by the using of a modern technigueh HPLC,
IRM, will require for determination of this activeolecules.
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