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Abstract — Bacteria belonging toPseudomona spp. from
anthurium rhizosphere were studied for antagonistic
potential of isolates against blight diseast«of anthuriumca
used by Xanthomonas axonopodis pv dieffenbachic These
rhizobacteria were also evaluatedfor growth promotion
properties with the aim of increasing anthurium flower
production. Two of the highly efficient isolates P1 and P9
were selected for pot studies to evaluatdisease suppressio
and flowering induction properties. P1 and P9 wert
identified as Pseudomonastaiwanensis(Microbial type
culture collection center MTCC11631) with their respective
gene bank accession numbers KM576801 and KM5768(
Application of P9 andP1 resulted in disease reduan to
85.0% and 80.0% respectively compared to chemical contis
mancozeb57.91% and phyt@n54.16% at 3! days after
inoculation. Treatments with theserhizobacteria improved
flower production without any significant changes n
biomass. Foliar application of P1 and P9 resulted ir
significantly higher number of flowers produced (16 and1.25
respectively). Foliar spray of GA 100 ppm resulted in the
production of largest spathe size compared to all ther
treatments (10.58cm). The results cdimm the promising
applications of the lected bacterial isolatesn the biological
control flower induction of Anthuriumandreanum L.The
isolates exhibited aminocglopropane carboxylic acid (ACC
deaminase activity, gibberellic acid and biosurfactant
production in addition to siderophore production amrd
phosphate solubilization.

Keywords — Anthurium Andreanum, Bio Control,
Flowering Induction, Pseudomonas &iwanensit.

I. INTRODUCTION

Floriculture is a highly dynamic sector in wo
economy de to a steady demand on classic cut
flowers and essential oil$ndian floriculture economy i
rapidly growing over the years and, 485.21metric
tonnes of flowers worth 4559 million weexported from
India in 2013-14 [1].

Anthurium (Anthuriumandreanum L.) belonging to the
Araceae family are perennial herbaceotiphytes with a
climbing habitatAmong tropical flower, its trade value is
next to orchids and its commercial value has irsdan
recent years in Asian countries as well as in Eeal
Possibility of a variety of shapes aodlors of the spathe,
candle shaped spadix covered with male and fer
flowers and longer vase life of the spattare the
mainattractions in marketinderoduction of anthurium i
the world is threatened blyacterial and fungal diseas
leading to a considerable decrease in productiot
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economic loss. Bacterial blight of anthurium (AL
which is caused by Xanthomonasaxonopodis
pv.dieffenbachiae remains the highest limiting factor
anthurium cultivation and producti[5].Blight affected
flowers get deformed and fall of easily athe systemic
infection leadgo complete death of plants. ABB was fi
reported in Hawaii in 972and reached epidemic
proportions in 19889 in Hawaii. The disease
subsequently has been found in the diffe anthurium
cultivating regions includingndia [31, 32].First described
as a pathogen of Dieffenbachia spe, X. axonopodis pv.
dieffenbachiae can infect a broad range of plants in
Araceae (aroids) family and considered a quaranti
organism inthe European Unic and in major anthurium-
producing countries that are still free of the pa@mn[6].
Other than chemical control using carbend® and
copper based fungicides and antibic, the management
strategies for ABB consist principally cprevention,
sanitation, cultural practices and the use of axenic
propagated plants.

The increased awareness on environmental concerr
antibiotic and pesticides has resulted in a lagggurge of
biological disease controFluoresceniPseudomonas and
related species have been implicated in the cordf
several baarial and fungal pathogenPeriodical reports
of Pseudomonas spgiving protection to plardiseases in
green house environmeate available 39, 18]. The bio
control strategies adagd in greenhouse conditions dif
considerably from that of field conditions viewed by
[27].

For uniformity of flower productic, and reproduction
purposesgualitative and quantitative improvement as v
as to meet the demand from the indt, application of
new techniques especially phytohormone in crop tpl
and ornamental plants have been pract Application of
GA; and varying light intensities were proved to impe
flower production of anthurium in previoattempts [22,
21]. Potentialphytohormone producing PGPR have b
used to induce flowering in crop plants as well
ornamental plants[23]in recent years the need of pli
growth promoting rhizobacte, found in rhizosphere soil
and phyllosphere stimulating plant growth by vas
mechanisms have been well establis[3].

The present study is an attempt to evaluate thengat
of indigenous rhizobacteridseudomonas spp. isolates to
decrease the severity of bacterial blight disea$e
anthurium and to enhance flower production and gjnc
of Anthuriumandreanum var.tropicalred. Since studies on
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this aspect fronnthuriumandreanum is very limitec, the
study is an insight it the future potential gre house
cultivation.

[I. M ETHODOLOGY

2.1.1solation and Identification of Bacterial Blight
Pathogen Xanthomonas Axonopodis
pv.dieffenbachiae (Xad).

Pathogenic bacteria were isolated from dise:
anthurium leaves collectedrom various anthuriur
cultivating regions of KeraléSamples were numbered
to sample location and cultivar and placed intaviiadial
plastic bags to avoid cross contamination. Theqagthic
bacteria was isolated with standard isolation teples
using YDCA (Yeast extractlextrose calcium carbonal
and YPGA (yeast extract, peptoraad glucose) selecti
medium. Secondary screening was performed
cellobiose starch methionine medium (CS) v
0.001%triphenyl tetrazolium chloride added [3
Identification was achievedbased on bichemical
reactions, pigmentation,growth on differential an
selective mediumand molecular characterisatic
2.2.1solation of Rhizosphere Bacteria from Soil and
Screening for Antagonistic and Plant Growth
Promoting Characteristics

Rhizosphere soil samples collected from diffel
anthurium cultivation areas were brought to labama
The roots were washed to remove adhering soil ghey,
cut into small pieces and surface sterilized udtyfCh
and vortexd in a shaker for 20 min. at 250rpm in 250
flasks. The suspension was serially diluted andeglan
nutrient agar and Kings B medium for specific détec
of pigment producingPseudomonas specie. The plates
were incubated at 28°C for 28 hrs. andsolates were
transferred to Kings B agar and stored until furtinge.
2.2.1.Production of Sderophore

Each isolate was inoculated in King’s B mediund
incubated for 24 — 48hrs. at28&Tiltures wer centrifuged
at 1000rpm for 15min. To 1.8l of culture supernats, a
pinch of tetrazolium chloride was add[41]and observed
for a change to deep red coloisolates showing positiv
siderophore production were further grown in suats
broth (KH,PO, 6.0 g/l, K,HP O, 3.0 g/l (NH4),SO, 1.0 g/,
MgSQ,.7H,O 0.2 g/l,succinic acid 4.0g/l) for 4érs. at
28°C and absorbance was determinet 400nm
(HITACHI UV 5100). Quantification of the pyoverdir
was performed using =20000,A max. =400nr. High
performance thin layer chromat@phy (HPTLC) wa
performed to analyzehe siderophore produced by 1
isolates. The rhizdbacterial cultures were grown in ir
free succinate medium for 48 hrs. at 28°C. Thehbweds
centrifuged at 1000rpm for 15misypernatant acidified
pH 2.0 andextracted with ethyl aceta The ethyl acetate
was evaporated and dried residue was dissolve
methanol. HPTLC was performed using toluene: et
acetate (9:1) with a saturation time of 30 min. efA
development up to 85mnthe plates were dried for
minutes and the spots were observed under HitaV
5100 at 366nm [30].
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2.2.2.Phosphatesol ubilization

Phosphate solubilizatioability = of isolates wa
determined by inoculating on to Pikovskayas’ medamd
observing zone of clearamcaround the inoculated art
Phosphate solubilisation efficiency (SE %) of tleéestec
isolates were calculated as percenteof phosphate
solubilization [34].
2.2.3.Production of Gibberellic Acid

The gibberellic acid production by rhizobactersdlates
was determined by followind8]. 100 ml of King's B
broth was inoculated with isolates and incubate@7'C
for seven days. After seven days of incubg, the culture
was centrifuged at 8000 rpfar 10 min and 15 ml of th
culture was pipetted out separately into the telses. 2.(
ml of zinc acetate solution (21.9 g of zinc ace
dissolved in 80 ml of distilled wai, one ml of glacial
acetic acid and the volume made up to 100 ml
distilled water) was addeé\fter 2 mir, 2 ml of potassium
ferrocyanide solution (10.6 g of potassium ferratgla in
100 ml of distilled water) was added and centriflige
8000 rpm for 10 min5 ml of supernatant was added
5ml of 30 % HCI and the mixture wincubated at 27°C
for75 min. The blank was prepared with 5%H
Absorbance was measured at 254 nm in a HitatV
5100 spectrophotometer. From the standard ¢
prepared by using gibberellic acid solutions of wnc
quantities, the amount of GAroduced y the culture was
calcuated and expressed @ag 25 m™ broth.
2.2.4.Production of Indole Acetic Acid

Isolates were grown in nutrient broth with
tryptophan.Salkowskys reagent (50 , 35% of perchloric
acid, 1 ml 0.5 M FeGl solution) was added to tl
supernatant to detect the presence of indole aaeiti [2].
2.2.5.Production of Biosurfactant

The isolates were grown in mineral salt medium 8t
days at28°C and production of biosurfactant wasated
using emulsificatia ability. The isolates showir
emulsification were tested for emulsification ind@24)
[10]. The culture was centrifuged at 1000rpm for 15g:
2.0ml of culture supernatant was mixed with 2.0rfl
kerosene and vortexed for 2 min. The tube was
undisturbed for 24 hraind afterwarc, observed for stable
emulsification. Emulsification index was calculated as
percentage adtable emulsificatiol

The presence of carbohydrate groups in
biosurfactant molecule was assayed by rhamnos¢{13
]. A volume of 0.5 miof cell supernatant was mixed wi
0.5 mlof 5% phenol solution and 2.5| of sulphuric acid,
and incubated for 15 min before measuring absosbat
490 nm (Hitachi UV5100 spectrophotomete
2.2.6. Production of ACC Deaminase

The ACC deaminase production of the isolates
screened [15]. For thishe isolates were inoculated on
DF minimal salt medium (KK#PQ, 4.0 g, NaHPCQ, 6.0 g,
MgSO,.7H,O 0.2 g, FeSQ7H,O 0.1 g, HBO; 10ug,
MnSQO, 10.0 pg, ZnSE70.0 ug, CuSQ 50.0 pug, MoQ@
10.0 pg, Glucose 2.0 gluconic acid .0 g, citric acid 2.0
g, agar 12.0 gdistilled water 1I) amended with 2
ammonium sulphate. The presence of bacterial gramv
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the media after incubation was considered as pe:
result.
2.3.|dentification of the Screened | solates

The selected isolated strains were subjectec
identification based on morphologi, biochemical
characteristics and getypic characteristics by 16 DNA
typing. Genomic DNA was isolated from the 2.
bacterial culture in L.B broth [45] dnthe quality of the
isolated DNA was evaluadeon 0.8% Agarose G 16S
rDNA fragmen was amplified by PCR using 16(DNA
universal primers 10-30 F: AG TTT GAT CCT GGC
TCA G-3, 530R: 5'G(AT)A TTA CCG CGG CGC
CTG-3' [46]. PCR was carried out in a final reacti
volume of 25ul in 200 pl capacity thin wall PCR tub
AGE analyseof the PCR product was done using 10(
ladders and purified using column purificati The
concentration of the purified DNA was determined
was subjected to automated DNA sequencing
ABI3730xI Genetic AnalysefApplied Biosysterr, USA).
Each nucleic acid sequence was edited manuallgrrect
falsely identified bases and trimmed tmove unreadable
sequence at the 3'and 5 ends (considering peak
Quality Values for each base) using the sequenabysia
tools (Applied Biosystems). The sequence vanalysed
using the BLAST (www.ncbi.nlm.nih.gov) sear
algorithm and aligned to themearest neighbours. T!
sequence was deposited in the NCBI GenBank dat:
2.4. Sreening for Antagonism

Pseudomonas taiwanensis isolates indigenous
anthurium rhizosphere were inoculated into 100mdjsiB
broth and incubated for 24 hrat 28°C The blight
pathogenwas inoculated into100ml nutrient broth &
incubated for 4¢days at 28°C.In vitro tagonism was
performed by dualplate assay and observed zone
inhibition. A filter paper disc soaked with pathoge
bacterial suspension was placew the centre of nutrie
agar medium seeded with rhizobactesiadépension.

Two PseudomonagsolatesP1 and PWwith highest
invivo antagonistic potential were tested for the
efficiency to control bacterial blight of anthurii and
growth promotion propertigs the green hous
Seven month old tissue culturenthurium plantsof
Tropicalred variety were used for the study. Plants gr
in poly bags were transplanted into 10 kg pots filled \
coarse gravel, and potting mixtur&oil amendments
including N: BO5:K,0 at20:20:20 wer performed at two
weeks intervals. Xanthomonas isolataed was inoculated
into nutrient broth to achieve a cell concentratigrlC’-
1CPcfu/ml. The rhizosphere isolates and standard cultu
Pseudomonas fluorescens were inoculted into Kings B
broth and incubated at 28°C for 2 days to alloweld
concentration of 10to 1& cfu /ml. The suspensions we
centrifuged and the cells dispensed in phosphatees
(pH7.0). The pots were arranged in the shade hi
adopting a completely randomised des with five
replications with 8 treatments. Savmonth-old plants
were spray inoculated with 24hrold rhizobacteria
suspensions (f6fu/ml) followed by soil drenchin A
commercial product dPseudomonas fluorescens was used
at a concentration of 0.3%Dithiocarbamate fungicid
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Mancozeb® (0.3%) andcopper fungicide phytol®
(0.4%) were applied asoil treatments. The plants we
spray inoculated with a suspension of the blighhpgen
2 days after soil treatmerithe plants were covered wi
polythene to maintain humidityDisease index(DIl)and
disease reduction were recorded at 35 days aftdieclge
inoculation.
2.5.Green House Evaluation for Induction of
Flowering

The plants were acclimatized and the pots \arranged
in completely randomized manner with 8 treatments &
replications. 24hrs.old rhizobacterial suspensions
isolates P1,P9 and standariPseudomonas fluorescens
(10°%fu/ml) in phosphate buffer were applied as
drenching followed by foliarpray. 1.0 ml of commercit
formulation of gibberellic eid was diluted to 1.0 and
applied as single foliar spragAz; 100 ppm solution was
applied as single foliar spraflants sprayed with sterile
phosphate buffer served as con Observations including
plant height,number of leaves in each pl, number of
flowers in each plant and spathe size (cm) wererdsad
at120days after inoculation.
2.6.Satistical Analysis

Statistical analysis was performed using SAS sys
Analysis of variance (ANOVAmeans were separated by
Duncan’s multiple range test.

I1l. R ESULT AND DISCUSSION

3.1. Isolation and Identification of Blight Pathogen
Xanthomonas Axonopodis pv.dieffenbachiae (Xad)

Isolates obtained from anthuriurrhizosphere were
identified by 16S rDNAsequencing followed by BLAS
analysis.
3.2Isolation and Screening of Rhizobacteria for
Antagonism and Growth Promotion Characteristics

Gram negative bacteria isolated from anthur
rhizospherebelonging to the luorescent pseudomonads
group were screengdrantagonism against the pathog
and growth promotion abilityln vitro studies indicated
that the rhizobacteriatrains could inhibit the pathogen
solid phase (Table MO isolates inhibited the growth
Xad on nutrient aga?1 and P9 showed hiest (11cm
and 18cmrespectively).

Varying degrees of phosphate solubiliza, production
of siderophoresgibberellic aci, biosurfactant and IAA
were shown by the isolates recorded Table Il. Based
on the plant growth promoting characteris, two isolates
P1 and P9 were selected for further stu Biocontrol and
growth promotion characteristics the two isolates are
shown in Table Il Hydroxamate nature of sideropht
was deterrimed by tetrazolium salt tewhich resulted in a
red colour formationHPTLC was performed to detect t
fluorescent nature of the siderophore under
illumination at 366nm where RF=0.44 and compareith
a standard strain obtained from Tamilnadu Agriaalt
University (Fig.1).
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Table 1.In vitro growth inhibition of Xanthomonas axonopspv. dieffenbachiae isolate Pseudomonas spp.

Isolates Zone of Inhibition (mm)
P1 11.0+1.2
P2 8.3+0.76
P3 7.0£2.76
P4 8.010
P5 10.8+4.21
P 6 0.0£0
P7 9.0+1.18
P8 10.0+2.66
P9 18.6+7.17
P 10 7.83+0.21

Values are represented as £SD

Table 2 Antagonistic and growth promoting characteristi€the isolate

Isolates Siderophore | HCN| GA IAA Biosurfactant Phosphatt ACC
Solubilisation deaminase
P1 -+ + -+ - -+ + +
P2 - - - + + - +
P3 + T - - - + +
P4 + + - + - + -
P5 + + = + + + =
P 6 + + - + - + +
P7 + + - - - + +
P8 + + - - - + -
P9 + + + - + + +
P10 + + - - - + -

The quantity of siderophore produced by P1 and B€
estimated at 60 hours of incubation and found t@3®&97
and 120 pM respectively without any significi
difference between the isolates. Phosphate satahioin
ability(ES %)of the isolates P1 an® Rvere recorded ¢
36.51 and 24.54 respectivel@ibberellic acid productio
of P1 and P9 was estimated to 1.42ug/2'and 1.56
Kng/25ml respectivelyThere is no significant difference
gibberellic acid productiobetween P1 and F Growth of
both P1 andP9 were observed in medium with 0.
ammonium sulphatendicating ACC deaminase activi
Emulsification index (E24) was calculated afteresl P1
showed 55.53% and P9 showed 65.53% emulsificatic
kerosene.No significant change was observed witle

isolates.The glycolipid nature of the biosurfactant 1 Fig. 1
established by rhamnose assay and observing HPTLC ofSiderophore components marked at Rf=.
absorption at 490nm. (a)=P1, (b)=P9, (c)Bseudomonas fluorescens

Table 3. CharacteristicsoftheisolatesPlandP9
Isolates | Siderophore Phosphate | Biosurfactant | Gibberellic
(400nm) solubilisation | production acid
(Sh% (El %) (ug/25ml)
P1 *135.97+0.6( | 36.51+29.07| 55.53+4.79 | 6.08 +0.3!
P9 120.97+ 0.4 | 24.54+ 26.54 65.53+5.23 6.9 +0.72
* Values are £SD

3.3.ldentification of the Sdlectedisolates obtained and the isolates P1 and P9 were 99.
The PCR amplification of the 16®NA of the isolated (KM576801) and 99.8 % (KM576802) similar

bacteria was cditmed by agarose gel electrophore Pseudomonastaiwanensis. The isolate P9 was depositn

BLAST analysis was conducted for the sequer Microbial Type Culture Collection Centre (MTCC116:
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[35, 26]. Pseudomonasmonteilii, Pseudomonasmosselii
and Pseudomonasplecoglossicida are the most relate
species [15, 11, 28].
3.4. Greenhouse Evaluation of Disease Index and
Disease Reduction

Physical properties of the soil used for the experit
were recorded in Table IlIThe soil had pH: 5, EC: 0.04,
0.28% organic carbo80.6 kg/ha K and 15 kg/ha P. Bc
the isolates reduced blight symptorRsotection provide:
by P1 (80.0 %) and P@5.0%) was more than that
chemical controls. Mancozeb anghytolan reduce
disease to 57.91% and 54.16%ypplication of P1
prevented spreading of disease symptoms after k ok
challenge inoculation whereas disease developm P9
applied plants waobserved up to 3 weeks. Phytolan
able to prevent further infection after second w
whereas disease development in mancozeb
commercial formulation applied plants was obsemgdo
5 weeks.All treatments were successful in prevent
mortality of the diseased plants compared to cor

Table 4. Disease index adéeas reduction on
Anthuriumandreanumtropicalre(

Treatments DI(%) DR(%)
P.taiwanensis (P1) 16.00 80*
P.taiwanensis (P9) 12.00" 85.00"
Mancozeb® 35.6€ 57.97¢
Phytolan® 36.66 54.16°
Commerer! 55.0° | 36.25°
P.fluorescens
P.fluorescens 4705 48.75°
Inoculated Control 84.0C ¢
Uninoculated Control 0 100°

Means with the same letter are not significantatiével

3.5.Green House Evaluation for Induction of
Flowering

Growth promotiorand flowering enhancement effect
the PGPR isolate were determinbgt measuring plar
height (cm), number of leavesumber of flowers an
spathe size (cngnd the data is represented ableV.
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Foliar spray of GA 100ppm resulted in production
largest spathe size compared to all other treas
(Figlll). Significant increases in anthurium flow
production were observed in greenhouse experil
followed by the application of the selected osphere
bacteriaP1 and P9 (1.6 and 1.25) without signitiedfect
on plant height and number of leaves Ill).
Supplementation of commercially formulated gibblare
acid with P9 further improved flower producti

The group of fluorescent pseudomor are reported to
be the dominant of rhizobacteria associated witntsl
This group of rhizosphere bacteria are well known
their diversity and rhizosphere effect Biological
control of bacterial blightvas previously report(17]. A
bacterial communitysolated from th guttation fluids of
anthurium  consisting of  Sphingmonaspaucimobilis,
Brevundimonasvesicularis, ~ Microbacterium  spp.showed
antagonismagainst thepathogen prevented the entry of
the pathogen when applied as foliarray. In a short
communication [12], usage chemicals fc blight disease
control was reported Use of turmeric powder ar
streptocyclineafter 5 roundsof spraying proved to be
100% effective in controlling blight diseaBacillusspp.
B014 was isolated froman anthurium plant wi
antagonistic effect on the blight pathogen and afc
application of the isolates reducileaf lesions to 17.86%
and 28.57% respectivgBb].Bacillus subtilis EPB14
reduced diseasén green house experime[24]. The
difference in antagostic potential of 1 and P9 could be
owing to their genetic variabilit The efficiency of the
antagnistic bacteria to inhibit tt pathogen growth
indicate that the cultures can effectively supprissase
by establishing themselvest the site of infectior
Inhibition of the pathogen occurred due to effect of
antimicrobial metabolites including HCN and siddrope
produced by the isolated and P.Hydroxamate type of
siderophore produced by fluoresc

Pseudomonads contribute disease suppression
depriving the pathogen of the available iron in
surroundingsSiderophores mediated immune respons
a well-studied mechanisnand more insight into th
unique phenomenon of iron scavenging and immt
activation is provided by [6].

Table 5. Effecof PGPR on Growth and Floweringdnthuriumtropicalre

Treatments No: of flowers Spathe size No: leaves Plant height
P.taiwanensis (P1) *81.6(° 8.16"™ 3.80° 23.46"
P.taiwanensis (P9 ) 1.26% 8.37° 4.40° 22.52"
GAc ® 0.8¢(™ 8.12¢ 4.80° 20.48
P1+CGA® 1.6C° 7.23° 5.10° 22.86"
P9+CGA® 1.6C 8.80" 4.60° 28.56
P.fluorescens 0.6(° 7.058"™ 4.00° 17.98
GA; 1.2 10.58 3.80° 34.00
P.fluorescens+GA; 0.81" 7.53 4.80 28.96¢
Uninoculated Control 0.6(° 7.80° 3.60° 20.00°¢

*Values are means & replications Means with the same superscigiters are not significant 5%significant level
The results of flowering experiment ain agreement Inability of the isolates to produce Indole acetcid

with earlier observations [20]Similar reports includ:
regulation of flowering in Arabidopsis by gibberelbacid
andin anthurium ‘amazone’ and ‘rennate’ varie[7, 21].

resulted in éss growth or vegetative activity of the pla
in terms of height and number of lea, whereas
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production of gibberellic acid resulted in higl
reproductive effort of the plant.
Disease evaluati
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Fig. 2.
Disease index and disease reduc in Anthurium

andreanum.Values are represented as + P1=P.taiwanensis,
P9=P. taiwanensis, ; CPF=commercialP. fluorescens (CGa);
PF=P. fluorescens; Xad=X..axonopodis pv.dieffenbachiae
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Fig. 3.

Flower production inAnthurium andreanum after pgpr and GA
treatments. Values are represented as +SE.P.taiwanenss,
P9=P. taiwanensis, ; CGa =commercial gibberellic a,, ; PF=P.
fluorescens; GA3=Gibberellic acid

Root colonization and establishment in the phyltesp
of beneficial plants by microbimlommunity belonging t
Pseudomona®acillus and other species require ability
adhere, establish and proliferaRiosurfactant producin
rhizobacteria effectively achieve root colonizatiahich
leads to improved plant nutritioflowering and disease
resistance [4].

Enhanced flowering observed in the current greesd
experiment is attained by the availability of sd&u
phosphate,uptake of iron mediated by sideropho
produced by the rhizobacteria and gibberellic &
Phosphorus is the second important macronut
required for plants and phosphate solubilization
considered as one of the most important requiretioebée
an effective PGPB. Enhanced flowering and growtls
attained inGerbera jasmoni after applicatin of arbuscular
mycorrhizal  fungi, Pseudomonasfluorescens  and
superphosphate [23]Microbial production of ACC
deaminase leads to an ethylene zinc w leads to
reduced ethylene stress [19].
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Fig. 4

Spathe size in cm. iAnthurium andreanum after pgpr and GA
treatments. Values are represented as +SEP.taiwanensis,
P9=P. taiwanensis, ; CGa =commercial gibberellic a, ; PF=P.
fluorescens; GA;=Gibberellic acid

Presence of ACC deaminase indicated by a to grow
in 0.2% ammonium sulpka by the selected isola. The
results of these experiments sl that the rhizosphere
isolates P1 and P9 are potential rhizobacteria wbauld
be recommended as suitable suppression of blight
disease anithduction of flowering in anthuriur

V. CONCLUSION

The existence of plant beneficial pseudomc
community in the rhizosphe, their establishment,
rhizosphere functioningand interaction with othe
microbial communities has led to a significant
development in plant protectiond growth. A detailed
study of the interaction of theabove described
rhizobacteria with other crop plantwill help us
understand the potential of thesbacteria in their
commercial use.
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