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IMPORTANCE OF ENDOPHYTIC STRAINS Pantoea agglomerans
IN THE BIOLOGICAL CONTROL OF Rhizoctonia solani

ZNACZENIE ENDOFITYCZNYCH SZCZEPOW Pantoea agglomerans
W BIOLOGICZNEJ OCHRONIE PRZED Rhizoctonia solani

Abstract: Antagonistic activity of microorganisms againsyfapathogens is mainly the results of plants’ lealt
improvement due to the inhibition of pathogens dtoand the induction of plants resistance agaiissades.
The aim of the research was to determine antagomsbperties ofPantoea agglomerans againstRhizoctonia
solani. The properties of two straird agglomerans BC17 and BC45 were assessed according to thenalip
criteria: mycelial growth oR. solani in the presence of bacterial metabolites, an impBe. agglomerans on the
growth of sugar beet in the pots containing soihveind addition oR. solani and without it, the ability to produce
indole-3-acetic acid (IAA). It has been recordedttAntagonistic properties of tested strains diferdnt. In the
presence of metabolites of BC17 strains, the mgicgiowth ofR. solani was inhibited by 78 % and for the strain
BC45 the value amounted 46 %. In the pot bioadsayntimber of infested plants growing in the sadcinated
with P. agglomerans and the pathogen was lower when compared with the gontainingR solani. A higher
reduction of infested plants, amounting 23 %, whkioed for the strain BC17. Both strains had thiitg to
produce IAA - a plant hormone of the auxin classthie presence of tryptophan and its absence imtdium.
The highest concentration of IAA was recorded aftetays of culturing in the supernatant obtainednfithe
media containing 2000 pg/érof tryptophan. For the strain BC17 the concerdratif IAA marked in the post -
culturing liquid amounted 71.57 pug/énand for the BC45 strain it amounted over 80 pd/céBbtained results
prove thatP. agglomerans may be used in the biological protection agaihst@patogenic strains &. solani.

Keywords: Pantoea agglomerans, Rhizoctonia solani, auxins, antifungal activity

Introduction

In the process of plant protection against fundiemical fungicides containing
inorganic and organic compounds are applied. Ptesemicides are highly selective,
active for a short time, show low toxicity to vestates and are easy in application and
storage. Although there are strict regulations eoming fungicides which must be satisfied
prior to their retail sale, laboratory and epideladical tests have proved many of them to
be harmful to people and animals. An example ohdadenzimidazole (like etonitazene)
and its derivatives, which play an important ratecontrolling fungal diseases and at the
same time may affect the central nervous systera gimilar way to morphine [1, 2].
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Moreover, fungicide application has a harmful effen the environment and may be the
reason for high levels of resistance showed byifufgngi strains with proved resistance to
fungicide are among othergenturia inaequalis, Monilinia laxa, Botrytis spp.,Neofabraea
spp.,Penicillium spp. andMucor piriformis [3-5]. The application of fungicides concerns
the society which pays more attention to safety quality of the products. That is why
alternative methods of biological plants protectibave been searched for. When
developing new biological preparations, antagomistiteractions between different
microorganisms are adopted as well as antagomésiittions between produced metabolites
and the phytopathogens. The antagonistic bacte®a among othersPseudomonas
fluorescens, P. putida, P. malophilia, Agrobacterium radiobacter, Bacillus subtilis,

B. cereus, B. amyloliquefaciens, B. mycoides, B. brevis, Serratia odorifera, Pantoea
agglomerans [6-10]. Their mode of plant's health improvementniginly based on the
pathogen’s growth inhibition and an induction o&mfs resistance. However, there are
a few mechanisms employed in their antagonistiwviictigainst pathogens, which include:
a competition for living space and nutrients, mya@gsite, production of antifungal
compounds including antibiotics and toxins, indomstiof plant’s resistance ISR (Induced
Systemic Resistance), production of volatile cormuisu inhibiting pathogens’ growth
which may play an important role in a biocontrabgess [7, 8].

The mechanism employed is very often characteristi@ach strain and depends on
an interaction between antagonist, pathogen antvawdd plant. A special case of
antagonistic bacteria are endophytes. Endophy&ebauteria that live between living plant
cells but do not cause symptoms of a disease. Tase celationship established between
endophytes and plants enables them to be useckipritess of plant protection. Most
endophytic bacteria belong to: phyluRroteobacteria genusAeromonas, Azospirillum,
Enterobacter, Erwinia, Pantoea and Pseudomonas, phylum Bacteroidetes genus
Flavobacterium, phylum Actinobacteria genusCurtobacterium and Microbacterium and
phylum Firmicutes genusBacillus [8, 11-14]. They promote the growth of a host plant
stimulate biomass increase and improve plant’ssiifen. They are also capable of nitrogen
fixation, production of phytohormones (auxins, gbdllins, cytokinins, abscisic acid,
jasmonic acid) and synthesis of 1-aminocyclopropkisarboxylic acid (ACC). They are
responsible for the growth stimulation due to pwithn of ammonia, siderophores
scavenging iron, compounds inhibiting the growtlpathogens and biosurfactants. Various
bacteria ofPseudomonas and Bacillus species are also able to production and grow with
cyanide as the sole nitrogen source [8, 15-17].

The aim of the research was an assessment of aigtgqroperties of endophytic
strains of Pantoea agglomerans against Rhizoctonia solani. The possibility of using
P. agglomerans in plant protection was determined on the basisit®fantagonistic
properties presented as the mycelial growtiiRodolani and sugar beet in the presence of
bacterial metabolites and the ability to produa#oie-3-acetic acid (IAA) under different
growing conditions (time, concentration of tryptepi.

Materials and methods

Isolation and identification of endophytic bacteria

In order to isolate endophytic bacteria the sugasetlroots were used. They were
thoroughly washed and fragments of tissues fos testre cut out under aseptic conditions.
Obtained samples were then rinsed with 70 % prdpahaken for 5 minutes in sodium
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hypochloride solution and rinsed three times withrie water. In order to isolate
endophytic bacterial cells, tissues were macerateghosphate-buffered saline (PBS).
The tissue homogenate was applied onto nutrient(&® BioMaxima), nutrient agar with

an addition of 1 % saccharose (NAS, BioMaxima),rieat agar with an addition of

0.5 % yeast extract (YNA, BioMaxima), PseudomongargPsA, Biocorp), malt extract
agar (MEA, Biocorp), agar with yeast extract, des& and calcium carbonate (YDC,
BioMaxima) and agar with 2 % sucrose and peptoriRA(BioMaxima). The growing

media were incubated at 25 +2 °C for 48 hours. piteiminary identification of isolated

mono bacterial cultures was carried out on thesba$i macroscopic and microscopic
description, biochemical properties and diagnogists ID 32GN and Api 20E

(BioMerieux).

The isolated bacteria, recognized with tests ID I828hd Api 20E afantoea, were
identified as species with 16S rDNA sequencing edoce. The amplification was carried
out with the following primers: 20F (5'-AAGTGAAGAGITGATCCCTG-3) and 17R
(5-GACTTCACCCCAGTCAT-3) and with the use of Dire®CR Kits - Terra PCR
Direct Polymerase Mix (Clontech, Mountain View, CBSA = Takara Bio USA). Terra
PCR Direct enables to skip DNA extraction and peation stage, and proceed directly
with PCR amplification. PCR reaction was condudte&0 mni capacity with 5 mrh of
template (1-day-old cultures), 25 mraX Terra PCR Direct Buffer (with Mg, dNTP),
15 pmoles of forward and reverse primer mixture amdn? Terra PCR Direct Polymerase
Mix (1.25 U/mn). Cycling conditions for Terra PCR Direct include® min denaturation
step at 98 °C and 40 cycles of amplification at°@for 10 s, 60 °C for 15 s, and
1 min at 68 °C. The amplified products were separaby electrophoresis with
a 1% agarose gel and stained with ethidium bromide.

PCR samples were sent for sequencing at Genomeav.@geamomed.pl). Sequence
identity was determined with National Center forot@ichnology Information Blast
(www.ncbi.nlm.nih.gov/BLAST/).

Cultivation of endophytic bacteria

Precultivation of endophytic bacteria strains wasfqrmed. Sterilized nutrient broth
(10 cn?) in a test tube was inoculated with one loop @f $train. Then, it was incubated
and shaken at 30 °C, 80 rpm, for 24 hours. Withuthe of a spectrophotometer the density
of bacterial culture was measured. The samples®{®F CFU/cnY) density were then
added to 100 cfrErlenmeyer flask containing 50 &rof sterile broth. Erlenmeyer flask
was kept in an incubator at 30 °C with 80 rpm fBrhburs. The cultures were centrifuged
at 10000 rpm for 20 minutes and obtained superh#taii-free culture) was used for the
further tests.

Cultivation of Rhizoctonia solani

The inoculum ofR. solani, which was used to infest the soil, wgsown on
a sand-maize medium with sterile sand and an additf 3 % cornmeal. The containers of
1 dn? capacity were filled up to half of their volume tvithe medium and sterilized.
The medium was inoculated with discs of 1-cm-dianetith 1-week old mycelium grown
on a PDA medium. The content of the containers stimeed and left for incubation, for
three weeks. The containers were shaken every dga, dnd moistened when necessary.
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Detection and assay of antagonistic properties ohdophytic bacteria strains

Culture-plate method. In the research the antagonistic properties ofophytic
strains P. agglomerans against the phytopathogenic strd® solani ID105 qualified to
anastomosis group AG 2-2 IIIB were determined.Ha tontrol trials, cell-free culture
obtained after 48 hours of culturinB. agglomerans was added to PDA medium
(BioMaxima). The medium was then inoculated witmB agar discs with 7-day old
mycelium of R. solani ID105. The control trial containeR®. solani cultures and broth
instead of cell-free culture. The culturing wasubated at 22 °C. The diameter of discs
was measured every day until the mycelium in arobtial covered the whole plate and
reached the edge of it. The tests were run inetmeplications, i.e. one plate with the
medium and the mycelial disc constituted on refitice The effect of endophytic strains
P. agglomerans on the growth ofR solani was calculated according to the formula
below [9]:

A by by b,
IRG—D+d1+d2+ +dx
wherelRG represents the growth rate indéxis a mean value of diameter measurements
[mm], D is the length of the experiment (number of dais)h,, by denote an increase in
a diameter size since the last measuremendara, d, are the number of days since the
last measurement.

Effect of endophytic bacteria strains on the growthof sugar beet.An impact of
P. agglomerans strains on the growth of sugar beet was testedpot@ioassay, in which
pots were filled with both uninfested soil and swith R. solani. For the experiment garden
soil and field soil were used and mixed with periit the proportion 2 : 1 : 0.5. In each
500 cri pot 10 pelleted seeds of sugar beet (variety ldjitwere sown. The plants were
grown in a fluorine-type light for 12 hours at 22.°The pots were watered with tap water
in order to keep the soil moistened and all infégidants with dying hypocotyls were
regularly removed during the experiment. After éeli&g the weakest plants were removed
and 5 cm of 2-day-old cultures of. agglomerans BC17 andP. agglomerans BC45 were
added. After one week, additional 5taf R. solani 2-2 IIl B (AG) obtained from 3-week
old cultures grown on the sand-maize medium wededdo part of the pots.

The degree of root infestation was evaluated adegrih a 4-degree scale as follows:
0 - no disease symptoms, 1 - low infection (onlygk small spots), 2 - high infection
(50 % or more of the root surface damaged anddpt& - dead plant with completely
damaged root [18]. The percentage of infested plaats calculated and then the index of
the disease roots was calculated according to Temehbleuberger formula [19]:
Y(a-n)-100%

N-3
where:ID - index of the disease roots [%],- degree of infection according to the scale
0-3,n - number of roots per categoly,- total number of roots screened, 3 - highestekegr
of infection.

Healthy plants had the length of the roots anddeaweasured. Also the fresh and dry
weight was determined. The measured values wecealatdd per single plant.

ID =
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IAA production characteristic

To determine the amounts of IAA produced by endtiphyacteria strains,
a colorimetric technique was applied with Salkowsldgent [20].

The isolates ofP. agglomerans were grown in LB medium (Laurin Broth)
supplemented with L-tryptophan at concentrations 560, 1000, 2000 upg/cmand
incubated at 30 °C for 7 days. In the control #ritlle bacterial cultures were growth in
medium without L-tryptophan. The production of |1A#as measured after every 24 hours.
After the incubation, the medium was centrifuged 20 minutes at 10,000 rpm at 10 °C.
Supernatant was reserved and F eras mixed with 2 crhof Salkowski reagent and kept
in the dark. The optical density (OD) was recorde830 nm after 30 minutes.

Statistical analysis

Statistical significance was determined using amalyais of variance (ANOVA)
followed by Tukey's HSD test. Values were consides@nificantly different ap < 0.05.
The statistical calculations were done with Misofo&xcel spreadsheet.

Having completed the calculations, the assessnfathieadistribution of the remained
of the set after model construction was conducted! @resented with histograms. It has
been stated that the distribution may be considémednimodal and quite symmetrical in
reference to the modal value. It has been concltitggdthe application of ANOVA method
and Tukey's HSD test for the analysis of obtainesuits was justified. However, the
figures have not been presented in the paper gswbald constitute the major part of it
and at the same time would not contribute to rewgtiie final conclusion.

Results and discussion

The media applied in the research allowed to isolhe strains from the sugar beet
root, which on most of them grew as yellow coloni® the media supplemented with
sucrose (NAS, SPA) and PsA abundant growth wasrekdeof the colonies which were
shiny, convex, very mucous and sticky. On the medil yeast extract (NA, YNA, YDC)
the colonies were much smaller, shiny but smootthensurface. The growth on the MEA
and YDC medium was noted only after 2-3 days lten on other media.

The selected isolates were described as asporogiemoveable Gramm-negative rods
of the size 0.6-0.9 x 1.0-14m. The preliminary identification performed withsts ID
32GN and Api 20E determined biochemical propentiglsacteria and thus classify them as
Pantoea. In run tests, the strains did not produce oxid&selrogen sulfide, urease nor
indole. However, they melted gelatin, reacted padif in VP test, reduced the nitrate. The
strains selected in the research used differerstrsuags the only source of nutrients: glucose,
mannose, rhamnose, sucrose and arabinose. Thevifallovere not used as nutrients:
sorbitol, fucose, glycogen, melibiose nor citrafée strains fermented glucose to acids
under anaerobic conditions. Noted differences betwstrains resulted from their abilities
to use sodium acetate.

Tested strains were identified Bsagglomerans on the basis of the results obtained in
16S rDNA gene sequence analysis which were compaittdNCBI database. The almost
complete 16S rDNA gene was sequenced and the (ip0@nalysis clearly demonstrated
that strains BC17 and BC45 were members of the geantoea and exhibited maximum
similarity with the 16S rDNA sequence dPantoea agglomerans. Two strains of
P. agglomeransisolated from selected sugar beet roots were maké®IC17 and BC45.
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Conducted tests showed the direct effect of the abmdites produced by
P. agglomerans strains BC17 and BC45 on the growth paceRofolani strain ID105
reflected by calculated values of the mycelial glovate indexIRG) and an inhibition of
the mycelial growth (Table 1). The isolated strRirsolani ID105 had a fast growth rate
and within 5 days it overgrew the medium complet@lly average daily growth rate of the
mycelium amounted 16.4 mm. In the presenc®.adgglomerans strains BC17 and BC45
the growth rate of the phytopathogen decreasedrendverage daily growth rate amounted
3.43 and 8.97 mm respectively. The isolated straged in the experiment were highly
antagonistic towards the myceliumRfsolani and reduced thERG by 78 % for the BC17
strain and by 46 % for the BC45 (Table 1).

Inhibition of Rhizoctonia solani mycelial growth on potato dextrose agarfantoea agglomeransstra-li-r?g0 et
IRG [-] _ Reduction of the mycelial growth [%]
_ mean SD mean SD
R.C sglnat;(ijlutarf(;s 92.56 2 £0.21 )
o 2@3?&%'5”1503517 20.31b £2.13 72.04 £2.26
P.Egz]cl)l()al"?ggnlsog(;45 49.92 c +9.65 41.3 +10.2

" standard deviation, diffecrent letters indicatm#icant differences (ANOVAp < 0.05, Tukey's HSD test)

The biological control of plants pathogens emplegdophytic bacteria, among which
Bacillus and Pseudomonas are most frequently tested groups [8, 15, 21-2%oAtains of
Pantoea take part in the process, however, no researchbkeas conducted on their
antagonistic properties agairRt solani belonging to anastomosis group AG 2-2, which
causes root and crown rot in sugar beets. Amongésearch papers concerning biological
methods for plants protection agaifstsolani, there is one written by Barnett el al. [26] in
which the authors evaluated the influence of rhphese bacteria, including
P. agglomerans, on R. solani AG 8 a major wheat root pathogen. It should be dote
however, thaRhizoctonia is a genetically varied group and fungi of thisyp have some
degree of host specificity and cause disease derelift plants. For example, the strains of
anastomosis group which cause wheat diseaseseasathe ones that induce damping-off
in sugar beet seedlings (AG 4) but differ from istsainducing root rot in sugar beets
(AG 2-2) [27]. Therefore, it is crucial to identifoth the anastomosis group and the plant.

Pantoea strains were used in post-harvest biological @ndf fungi in fruits and
citrus, inhibiting the growth of fungi such &enicillium expansum [28-30], P. digitatum
[31-33], P. italicum [31], Botrytis cinerea [28, 29] Monilinia laxa and Rhizopus stolonifer
[29, 34]. They also limited the growth dflacrophomina phaseolina, a causal agent of
charcoal rot of soybean [35] as well &snocarpella maydis and S. macrospora, causing
ear rot in corn [36]. The above mentioned resegapers showed th&antoea strains
inhibited the growth of pathogens to a differengde depending on the following
parameters: the growth phase, enzymatic activilifittato produce metabolites, density of
inoculum.

The culture-plate method employed in the researa$ taken as preliminary screening
criteria for selecting the antagonistic propert@dstested strains. In the research PDA
medium was used, so competition might be excludea mode of action for the antifungal
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isolates according to Lee et al. [37]. In the reseathe inhibition of thdR. solani growth
by the antagonistic bacteria occurred at 48 h folybdue to the late production of
antifungal metabolites. Tested strains inhibited ¢lowth of the pathogen to a different
degree, which suggests that the mode of actiortezker the type of antifungal metabolites
produced by the isolates may vary from each otMareover, there was no physical
contact between isolates and the phytopathogenestigg that the endophytieantoea
species could produce specific antifungal exocatlahetabolites which inhibit the growth
of the mycelia.

Conducted pot bioassay allowed to estimate thaienfte of tested bacteria on the
infection of the sugar beet B3 solani (Tables 2 and 3No infested plants were noted in
the control trials. WherR. solani ID105 was introduced into the soil, the number of
infested plants increased up to 83.75 %. The damigeoup of infested plants had roots
rated on the scale as 3 and the valudbfamounted 62 %. In the pots with the soil
containing strain®. agglomerans BC17 and BC45 single plants with infected rootofil
the scale) were observed and their number amountecnd 4.17 % respectively. The
differences between the above trials and the cbniece statistically insignificant. In case
of healthy plants (assessed as 0 on the scal@ddition of tested strains to the soil did not
affect the following parameters: the length of rant leaf, dry and fresh weight of a single
plant. However, when both the pathogen and the @mde were introduced into the soil,
the significant differences concerning the degrdeplant infection were noted for
P. agglomerans BC17 strain. The difference in the number of itddsplants in comparison
with the number of plants infested by oRysolani ID105, decreased by over 23 % while
for the strainP. agglomerans BC45 the differences were statistically insigrafit and
amounted only 7.5 %. The statistically significarftuence ofP. agglomerans BC45 with
R. solani ID105 has been noted when analysing the fresh anavelight of the plants and
no such influence has been noted on the lengtheofdot and the leaf.

Table 2
Effect of Pantoea agglomerans BC17on the growth of sugar beet
Number Characteristic of he;lét;)}l] plants
Parameter ID [%] of infested | Root length| Leaf length weight Dry weight
0,
roots [%] [cm] [cm] [g/plant] [a/plant]
Control trial Oa Oa 9.03a 174 a 5.854 0.64ja
R. solani ID105 62.08 b 83.75b 9.83 a 16.0 4 4.28 a 0.46|a
P. agglomerans BC17 1.39a 5.0a 10.85 & 17.04 a 452 0.38 a
P.agglomeransBC17 + | ya5r ¢ | goa2c | 11768  16.43 464 0.38la
R. solani ID105

Different letters indicate significant differend@NOVA, p < 0.05, Tukey's HSD test)

Suppression of Rhizoctonia diseases is due to dh&ibution of multiple groups of
interacting organisms. Barnett et al. [26] usingeathsoil-pathogen bioassays concluded
that the main factor inhibiting the growth Rf solani is an interaction of 3 phylogenetically
diverse groups of bacteriaP. agglomerans, Exiguobacterium acetylicum, and
Microbacteria. The disease was suppressed inwifsonly one of the strains and with the
combination of the three of them. However, co-idatan with all three groups produced
a consistently higher degree of disease inhibifi@h %) than inoculation with a single
group or pairs of groups. The interaction betwéen3 bacterial groups allowed to suppress
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the root infection up to 35 %. The authors strésgt the bacterial combination did not
reduce the amount of pathogen’s DNA in the soil dufipress the root disease symptoms.
Root associate®®. agglomerans promoted the growth of infected wheat plants. Whlp
and Yoon [38] in the research concerning the imftgeofP. agglomerans strain PBS-1 and
Burkholderia anthina strain PBS-2 on the growth of tomato plants notedharease in the
plant height, root length, and dry weight of shomtd root when compared to
non-inoculated tomato plants. The same authorsroomhore beneficial results when the
soil is inoculated with both strains than whersitioculated with single strains.

Table 3
Effect of Pantoea agglomerans BC450n the growth of sugar beet
Number Characteristic of h?:?et?r: plants
Parameter 1D [%] of infested |Root length| Leaf length weight Dry weight
0,
plants [%] [ecm] [ecm] [g/plant] [g/plant]
Control trial 0a 0a 9.03a 174 a 5.85 g 0.64ja
R. solani ID105 62.08 b 83.75b 9.83a 16.0 g 428 0.46|a
P. agglomerans BC45 1.39a 4.17 a 10.74 9 17.02 g 4.85]a 0.41a
P-agglomerans BCAS + | &) o5y | 76251 1017 a 1654 3.05b 0.19)b
R. solani ID105
Different letters indicate significant differend@eNOVA, p < 0.05, Tukey’s HSD test)
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Fig. 1. Effect of L-tryptophan on IAA production ¥ agglomerans BC17. Different letters indicate
significant differences (ANOVAp < 0.05, Tukey’s HSD test)

In the research, it has been determined how theertration of L-tryptophan and the
time affect the process of biosynthesis of IAA Itsaimis P. agglomerans. The strains of
P. agglomerans BC17 and BC45 under study produced IAA in a ddfgramount in the
presence of L-tryptophan and in its absence. Tlatioaship between the reaction of IAA
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biosynthesis and the dose of L-tryptophan and éaetion time was proportional. It has
been recorded that with the increase in the L-tppan concentration and the time of
reaction, the amount of produced IAA also increasext the strairP. agglomerans BC17

the lowest amount of IAA 20.26 pg/éwas obtained in the absence of L-tryptophan after
one day of incubation. The maximum production oAIAL.57 pg/ciwas achieved when
medium was supplemented with 2000 pg/eoncentration of L-tryptophan as a precursor
after 7 days (Fig. 1). Similar results were noted¢ase of the straiR. agglomerans BC45,

for which the lowest concentration of IAA 15.04 p? was obtained on the first day on
the medium without amino acid and the highest comation amounting about 80 pg/tm
occurred after 3 days in the presence of the higtwscentration of L-tryptophan. On the
following days, the amount was similar and the edighces between consecutive results
were statistically insignificant (Fig. 2).
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Fig. 2. Effect of L-tryptophan on IAA production 3. agglomerans BC45. Different letters indicate
significant differences (ANOVAp < 0.05, Tukey’s HSD test)

In order to determine the abilities to produce IA tested strain®. agglomerans
BC17 and BC45, the optimal conditions for bactegadwth was provided, that is 30 °C
and pH 7, which was confirmed by Apine and Jadh3®] [in their research on the
optimization of biosynthesis of IAA by. agglomerans strain PVM. Under the same
conditions, the authors obtained maximum amountA# 1530 pg/cni at 30 °C and
maximum amount of IAA 1441 pg/énat pH 7. The same was proved by Dastager et al.
[14] who pointed that the most favourable condiidar IAA biosynthesis by the strains
Pantoea NII-186 was 28 °C. Under these conditions the isolaas able to produce
59 pg/cn of IAA. Apine and Jadhav [39] also analysed thieafof incubation time to
optimize culturing conditions. The production of AAwas directly proportional to the
incubation time and after 2 days of incubation Ip#duction enhanced by twofold, while
in authors’ own research presented in this paperamount of produced IAA doubled only
after 7 days of incubation. Apine and Jadhav [3&hmed much higher concentrations of
IAA. However, an inversed relationship was obserirethis case, as with the increase in
L-tryptophan concentration in the medium, the antoohdetermined IAA decreased.
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P. agglomerans strain PVM produced the highest amount of IAA meas) 1.577 ug/cth
on the medium supplemented with L-tryptophan atceatration 1000 pg/cinwhereas at
concentration 2000 pg/énmhe amount of IAA decreased twofold (about 800cpd).
Different results presented Walpola and Yoon [3&jp analysed the ability to synthesize
IAA by P. agglomerans PBS-1 andB. anthina PBS-2 and recorded the concentrations of
10 and 7.5 ug/cirespectively. However, the authors applied low cemtration of
L-tryptophan in the medium amounting 20 pgicioreover, in the studies of Walpola
and Yoon [38] it has been observed that the alititgynthesize IAA was decreasing with
the incubation time. Cimmino et al. [40] analysedstiains of P. agglomerans which
produced low amount of IAA in the range of 5.4 t8.2L pg/c in the presence of
500 pg/cm of L-tryptophan in the medium after 4 days of ibation. Also in the research
of Sergeeva et al. [41] all of six isolat@sagglomerans produced IAA when L-tryptophan
was present in the culturing medium. The conceptratof produced IAA increased with
increasing concentrations of L-tryptophan, reackingaximum at 250 pg/chfior isolates
2-54, 3-117, 5-105 and GR12-2, and at 500 ud/fon isolates 2-32, 4-20 and 5-51.
At lower concentrations of L-tryptophan, the protilue of IAA was at a very low level.
Presented results of the research on the biosystltdsIAA by different strains of
P. agglomerans allow to conclude that the concentration of L-toghan as a precursor of
IAA should range between 250 to 1000 pgiand the incubation time of the growing
medium should not be shorter than 2 days. The cdagraeof obtained results with the pot
bioassay proved that the higher amount of IAA theiis produced in the medium with no
precursor (L-tryptophan) the better effect it hactloe growth of infected plants.

Conclusions

Conducted research confirms antifungal activityddferent strainsP. agglomerans
and therefore proves they could be an alternativehiemical fungicides. Tested strains
suppressed the disease inducedRbsolani to a different degree which might be the result
of their ability to produce IAA. The straiR. agglomerans BC17 produced much more
auxins on the medium with no addition of tryptophartomparison with the strain BC45.
These bacteria were associated with the suppres$iaot disease caused BRysolani but
did not reduce pathogen levels in the soil. Thelyaig of reference research papers
indicated that soil disease suppression cannotlgitm@ ascribed to a single microbial
group and may involve more biocontrol bacteria thagviously reported or may even be
the synergistic effect of many microbial groupsefiéfore, future research will concern the
ability to reduce the growth of the sugar beet pa#ims with endophytic strains.
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