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A collection of fluorescent pseudomonades isolated from rice rhizosphere was
created. Bacteria were selected from farmer's fields in three provinces at north of
Iran during the 2006 summer. By their morphological properties and the ability to
fluorescent under UV light 111 cultures were identified as fluorescent species of
pseudomonades. The isolates were characterized by biochemical and physiological
traits too. Presence of oxidase, catalase, citrate and arginine hydrolyses and ability
to ferment glucose were peculiar to all tested species; besides Pseudomonas
fluorescent used trehalose and mesoinositol, Pseudomonas putida did not liquefy
gelatine, and only Pseudomonas aeruginosa could grow at 41°. Frequency of
occurrence of P. fluorescent, P. putida and P. aeruginosa among tested fluorescent
species was equal to 44.2%, 33.3% and 22.5% correspondingly.

Uwbtndyly L ppldh  nhqnudbpuyhg  whowundus  pmnplughin
wulynuntugutph hwqupwén: Puljnbphwibpp wihgwwndt) i hyniupuwghte
bpwtp bpkp dwpqbph $tpdbpuwghtt quowntphg 2006 p-h pupwgpnid: Uju
pulunbphwitph 111 Ynyunipwikpp dopdninghujubt wnwbdbwhwinlnt-
pintutbph b nyupudwihywjugnyt wpwquyptbph wwl $ninptugkuighugh
nttulmpjut hhdwb Jpuw inyhwljuwiwugdl] i npybu wulbnnunuwnubph
$ninplugbinn. mbuwubp: Ukniuwugwsd puljnbphwibpp punipugpgl) tu
twl  hpklug YEuuwphuhwlwt b $hghnnghwljui  hwwnlnipniuubpny:
Opupnwqubph, Ywinwjuqubph, ghwpwwnh b wpghthth  hhgpnjuqubph
wniuynipiniip, hiyyhu bwlb qpnilng judnpbint nitbwlnipniip punpng & pojnp
wnbuwlubpht, wyb pbypmd, tpp  wpkiqung b dkgnhunghwn jmipugubing
nittwlmpniipn’  Pseudomonas fluorescent wnkuwljhl: dhjuwnhtp pugpuybinu
hwnlmpjudp odnus Lt Pseudomonas putida nbkuwlp, hull 41° okpdwuwnh-
Suwtwghtt wuydwbibpnd wgtne nbwlnmpjudp odndws Lt Pseudomonas
aeruginosa whuwlp: Munidbwuppjws $ninplugkinn puljnbkphwibphg 2.
fluorescent, P. putida L P. aeruginosa wtuwljubph hwinhydwt hwdwpw-
Juunipniip hwdwwywinwupiwbwpup fuqdt) t44.2%, 33.3%, 22.5%:

Co3nana Komtekius (IIyopecHypyroNMX MCEBIOMOHAJ, M30JHPOBAHHBIX U3
puzoctepsl puca. bakrepun orobpanbl ¢ (epMepckux Mmojel Tpex MPOBUHIUIMA
ceepHoro Upana B Teuenume 2006 roma. 111 kymeTyp 3TuX OakTepuil MmO
MOP(OJIOTUIECKUM TPH3HAKAM H CIIOCOOHOCTH (PIyopecuupoBaTh B YIbTpaduo-
JETOBBIX JIy4aX MpeIBapUTENIbHO HACHTU(QHIIMPOBHEl Kak (Iyopecuupylomue
BHJIBI TICEBIOMOHA].
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W3051Thl XapaKTePU30BAIHUCh U 10 CBOUM OHOXMMHYECCKHM H (DH3HOJIOTH-
YeCKUM Mpu3HakaM. Hanudaue okcHaashl, KaTanassl, THAPOIIa3 IUTpaTa i apruHAHA
U COpaKMBAHKE IIIOKO3bI OBLIIO CBOMCTBEHHO BCEM BHIAM, TOT/IA KAK CIIOCOOHOCTD
yCBaMBaTh TPErajio3y M ME30MHO3MTOJN xapakrepHa st Pseudomonas fluorescent,
OTCYTCTBHE CIIOCOOHOCTH Pa3KUKaTh XKelaTtuHy - it Pseudomonas putida, a pocr
npu 41° - s Pseudomonas aeruginosa. Yacrora Berpeuaemoctu P. fluorescent, P.
putida u P. aeruginosa cocrasisiia coorBerctBeHHO 44.2%, 33.3%, 22.5% or
M3YYCHHBIX (IIyOPECIIMPYIOMINX BHIOB.

I dentification of bacteria — rice rhizosphere — fluorescent pseudomonades

Saprophytic fluorescent pseudomonades include various species such as
Pseudomonas fluorescens, P. putida, P. aeruginosa [4, 10, and 22]. All bacteria
belonging to this group share the ability to produce soluble yellow-green
pigments — pyoverdines, which act as siderophores for these bacteria [3, 14].
These microorganisms are considered to be rhizobacteria, since their density,
propagation and activity are stimulated in the rhizosphere [1]. They are known
also by the ability to synthesize a variety of other secondary metabolites [5, 6],
which intensify the plant growth. Plant growth promotion can also be ascribed to
other metabolites affecting the plant physiology such as formation of growth
substances [18]. Consequently, some fluorescent pseudomonads can improve
plant health and/or growth [2, 24]. Indeed, fluorescent pseudomonads are
considered as potential biocontrol agents of soilborne diseases. Several studies
have demonstrated their efficacy as microbial inoculants [1, 8, 20]. Most
pseudomonads are free-living organisms in soil and water; they play an
important role in decomposition, biodegradation, and the C and N circulations.
The phrase “naturally-occurring organic compound cannot be degraded by some
microorganisms" must have been coined to apply to members of the genus
Pseudomonas, known for their ability to degrade hundreds of xenobiotic.
However, they are usually unable to degrade some biopolymers in their
environment, such as cellulose and lignin, and their role in anaerobic
decomposition is minimal.

Considering the high diversity of fluorescent pseudomonades the
different characteristics, which were recorded for various strains, are not
surprising [15].

The identification of the members of the genus Pseudomonas is based on
morphological, physiological, biological and genetic characteristics [13, 22, 25].
Determination of predominate fluorescent pseudomonads strains is important
owing to their positive effects on plants [1, 5]. So we carry out these
experiments to identify local strains in different rice fields in north Iran for the
subsequent treatment of plantlets by the selected bacterial species before
planting.

Material and methods: Fifty rice fields of different locations in north Iran
including three provinces (Mazandaran, Gillan and Golestan) were selected for
collection of rice rhizosphere samples. From the field of each site three hills of
rice were randomly selected during summer seasons of 2006. Each sample
including 1 kg rhizosphere soil (root + adhering soil) was transferred to the
laboratory in an ice-box and stored at 4°C.
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The isolation of cultures was done by method of Koch on the Cetramid agar [17].
The plates were incubated at 28°C for 48 hours. Colonies, which fluoresced under UV
light (260nm), were selected and purified later on the King’s B-agar medium [25].

The following general methods of morphological, physiological and biochemical
tests were used for identifying Pseudomonas species [4, 10, 19, 22]: staining by Gram,
determination of catalase and oxidase activities, gelatin liquefaction, growth at 41° [7,
23], arginine hydrolysis, utilizing citrate as a sole carbon and energy source, acid
formation in carbohydrate (trehalose, mesoinositol and glucose) broths [7, 19, 21].

Results and Discussion: A microscopic study of bacteria showed that all
isolates were gram negative. The bacteria isolates, tested under UV light,
displayed fluorescence and had yellow, green, yellow-green, blue, brown,
orange and white colors (Table 1).

Table 1. Percentages of isolates with different colors.

Different colors displayed by isolates under UV light

Provinces Yellow
Orange | White | Brown & Green | Yellow | Blue

green

Mazandaran 3.9 13.8 17.6 39 19.6 19.6 21.6

Gillan 0 2.7 5.4 54 13.5 352 | 378
Golestan 0 8.7 17.4 0 26.1 21.7 | 26.1
Total 1.8 9.1 13.5 3.6 18.9 252 | 279

The majority of isolates had blue color. Then the color of colonies
distributed in the following way: yellow > green > brown > white > yellow-
green and, at the last position, orange color. Earlier for the characterization of
the genus Pseudomonas the pigmentation was used as a generic trait, but this is
not of great validity now. In fact the colonies and other cell masses always
display some color due to the presence of normal cellular component. Thus,
P. stutzeri is grouped with the non-pigmented species though the colonies of its
many strains are dark brown due to the high concentration of cytochrome C in
the cell (13). As for the chemical nature of pigments, blue color produced by
some isolates, is due to the phenazine - blue pigment pyocyanine identified for
P. aeruginosa [11]. Other phenazine pigments synthesized by fluorescent
pseudomonades are green. Important pigments from the physiological and
taxonomic standpoints are pyoverdines. They are typical yellow-green pigments
of some fluorescent pseudomonades [13].

The isolates were characterized by biochemical and physiological traits
too. Presence of oxidase, catalase, citrate and arginine hydrolyses and ability to
ferment glucose was peculiar to all tested species (Table 2).
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Table 2. Results of biochemical and physiological tests (%).

Tests Reaction
Positive | Negative
Catalase formation 100 0
Oxidise formation 100 0
Arginine hydrolysis 100 0
Citrate utilization 100 0
Gelatin liquefaction 33.3 66.7
Growth at 41°C 22.5 27.5
Glucose utilization 100 0
Trehalose utilization 44.2 55.8
Mesoinositol utilization 44.2 55.8

As for the ability to liquefy gelatin, some of the tested isolates were
negative: according to the different classification systems such isolates belong to
the species P. putida [4, 10]. Some isolates could grow at 41°C. According to
the different classification systems the ability to grow at this temperature is
peculiar to P. aeruginosa [13]. Though all isolates were able to use glucose as
single source of carbon and energy, some of them could use trehalose and
mesoinositol too. Such species were identified as P. fluorescens (9, 12, 17, 19).

So based on the obtained results we can conclude that there were three
predominant fluorescent pseudomonade species: some isolates were identified as
P. fluorescens (they could utilize trehalose and mesoinositol) - 44.2 %; some
species as P. putida (they could not liquefy gelatin) - 33.3 %; and other species
as P. aerugenosa (able to grow at 41°C) - 22.5 %.

Fluorescent pseudomonades were distributed in various provinces
irregular. So in Mazandaran province fluorescent pseudomonades species were
distributed respectively P. putida > P. aeruginosa > P. fluorescens; in Gillan
province - P. fluorescens> P. putida>P. aeruginosa; the same order was
established for Golestan province. But as it can be seen from Table 3, the
percentage of species was specific for each province. In this table and at the
Figure 1 the total number of tested species for three provinces was shown too.

Table 3. Total quantity (%) of tested species in three provinces

Provinces (number P. aeruginosa | P. putida | P. fluorescens
of samples)
Mazandaran (51) 333 373 29.4
Golestan (23) 17.3 26.1 56.5
Gillan (37) 10.8 324 56.8
Total (111) 22.5 333 44.2
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Fig. 1. Percentage of isolated bacterial samples from rice rhizosphere

The predominance in rice rhizosphere P. fluorescens, in comparison with
others species, can be explained by its high competition ability and effective
colonization. Some researchers reported the similar results. For example,
Vlassak et al. (23) reported that dominating pseudomonad species of rice and
banana rhizosphere in Sri-Lanka was P. fluorescens. On the other hand, Gardner
et al. (7) - for citrus, Rasouli (17), Mozafar et al (16) - for many plants,
particularly for wheat, reported that dominating fluorescent species was
P. putida. Based on this research one can conclude:

1. For rapid identification of some fluorescent pseudomonades
(P. fluorescens, P. putida, P. aeruginosa) it is sufficient to restrict oneself by the
above mentioned tests. Final identification of these strains is possible only by
using molecular analysis.

2. Number and distribution of fluorescent pseudomonad species varied at
different places and identification of dominating species is important by other
researchers and in the other geographical regions, where endemic bacteria with
specific genotypes can be detected.
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