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Plant growth-promoting potential of bacterial isolates
from the rhizosphere of Deschampsia antarctica

Abstract. Plants’ adaptations, in combination with the rhizosphere and endosphere microbiome, ensure their sur-
vival in the extreme conditions of the Antarctic. The work aimed to quantify the culturable microorganisms of differ-
ent groups and establish the plant growth-promoting potential of bacterial isolates from the rhizosphere of Deschamp-
sia antarctica. Standard microbiological methods (enumeration of microorganisms and study of the properties of 
isolates, in particular, the cell wall organization by Gram staining, motility, endospore formation, growth at different 
temperatures, halotolerance, need for oxygen, ability to assimilate some organic carbon sources) and biochemical 
methods to determine the properties of isolates (oxidase, catalase activities, tests for the ability to reduce nitrate, 
produce amylases, lipases, proteases). The ability of the isolates to produce siderophores was determined using a 
medium with chromazurol S and hexadecyltrimethylammonium bromide, to solubilize insoluble phosphate-contain-
ing compounds using Pikowska’s medium with Ca3(PO4)2 and Menkina’s medium with egg lecithin. The content of 
auxin-like substances in the medium was determined by the Salkowski method. The effect of the isolates on wheat 
growth was determined by the germination of wheat seeds treated with the isolates, the length of shoots and roots of 
plants, and chlorophyll content in leaves. The isolates were identified using phylogenetic analysis of the 16S rRNA 
gene. The most abundant groups of microorganisms in the rhizosphere of D. antarctica were oligotrophic, oligonitro-
philic, and cellulose-degrading microorganisms. Among 120 isolates of the rhizosphere zone of D. antarctica, 7 oli-
gonitrophilic isolates (RE1, RE3, RE4, RE8, RP8, RO4, RT1) were selected, which solubilized insoluble phosphate-
containing compounds, synthesized lipases, amylases, auxin-like substances, and siderophores. Isolate RT1 (Bacillus 
sp. RT1 by physiological and biochemical properties and the 16S rRNA gene) showed the best plant growth-promot-
ing properties. Treatment of wheat seeds with this isolate increased germination by 25%, shoot and root length by 
15%, leaf area 3 times, and chlorophyll content 1.6 times.

Keywords: auxin-like substances, Bacillus, microbiota of the rhizosphere, phosphorus solubilization, plant growth-
promoting bacteria, siderophores

1 Introduction

Extreme conditions affect the terrestrial biota of 
Antarctica, which is reflected in its low diversity. 

In particular, the vascular plants are represented 
by only two species: Antarctic hairgrass Des cham-
p sia antarctica È. Desv. 1854 and Antarctic pe arl-
wort Colobanthus quitensis (Kunth) Bartl. 1931 
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(Yerkhova et al., 2022). The ecological success of 
these two plants in Antarctica is associated with 
their adaptation to many factors, in particular, low 
temperatures (Ozheredova et al., 2015; Znój et 
al., 2021), freeze-thaw cycles (Znój et al., 2021), 
drought (Ozheredova et al., 2015), flooding (Znój 
et al., 2021), UV radiation (Ozheredova et al., 2015; 
Znój et al., 2021), high concentrations of trace 
elements, sodium, etc. (Znój et al., 2021). How-
ever, in addition to the adaptations of Antarctic 
plants to environmental factors, the microbiome 
of the rhizosphere and endosphere plays a sig-
nificant role in the plants’ survival (Ozheredova 
et al., 2015; Znój et al., 2021; 2022; Bertini et 
al., 2022).

The microbiota of the rhizosphere of D. ant-
arctica has been studied in different regions of the 
maritime Antarctica (Teixeira et al., 2013; Znój 
et al., 2021; Prekrasna et al., 2022). However, 
these studies examined all potential microbiota 
using the metagenomic method. At the same time, 
the study of the overall potential of culturable 
microorganisms is of great promise, as they can 
be of practical use. Rhizosphere bacteria solu-
bilize mineral compounds by secreting organic 
acids (Znój et al., 2021), siderophores, or cyanides 
(Glick & Pasternak, 2003; Hayat et al., 2010), 
providing the plant with bioavailable phosphorus 
and metal compounds (Hayat et al., 2010; Znój 
et al., 2021). The rhizosphere microbiota is also 
involved in the biocontrol of soil-borne patho-
gens by competing for nutrients and synthesizing 
antimicrobial compounds (such as bacteriocin-
like peptides), various classes of antibiotics and lytic 
enzymes (in particular chitinases or β-1,3-glu ca n-
ases) (Persello-Cartieaux et al., 2003; Hayat et al., 
2010; Znój et al., 2021). Bacteria directly sti m-
ulate root growth by secreting phytohormones, 
in particular indole-3-acetic acid (Hayat et al., 
2010; Znój et al., 2021). The endosphere micro-
biota is involved in the induction of the plant’s 
stress response, mainly by reducing the ethylene 
content in the plant due to its hydrolysis by 
1-ami nocyclopropane-1-carboxylate deaminase 
(Znój et al., 2021).

The use of microorganisms for the prevention 
and treatment of infectious plant diseases and in-
creasing yields is of increasing interest to mankind 
as an alternative to chemical crop protection. In 
most experiments, after the treatment of agricul-
tural plants with endophytic microorganisms, 
growth and resistance to environmental factors im-
proved. Symbionts of Antarctic plants improve the 
physiological parameters of agricultural plants un-
der abiotic stress (Acuña-Rodríguez et al., 2019). 
Arthrobacter sp., rhizospheric microorganisms of C. 
quitensis, have a positive effect on the physiological 
properties of this and the other Antarctic vascular 
plant D. antarctica under osmotic stress (Gallardo-
Cerda et al., 2018). It has been experimentally es-
tablished that root endophytes and rhizosphere 
microorganisms improve the physiological proper-
ties of not only Antarctic plants but also other 
plants. Penicillium brevicompactum and P. chrysoge-
num isolated from the endosphere of the root of 
C. quitensis promoted growth and protected lettuce 
(Lactuca sativa L., 1753) and tomato (Solanum ly-
copersicum L., 1753) against osmotic stress (Moli-
na-Montenegro et al., 2020). Amycolatopsis sp. Cq 
72-27, isolated from the rhizosphere of C. quiten-
sis, is able to improve the mineral nutrition of 
wheat seeds and inhibit the growth of phytopa-
thogenic microorganisms (Roman & Gromyko, 
2023). Pse udomonas sp. ATCC PTA-122608 from 
the rhizosphere of D. antarctica improved the 
growth of soybean (Glycine max (L.) Merr., 1917) 
roots (Garcia et al., 2021).

Crop growing cycles in the temperate climate 
zone usually begin in early spring or at the end 
of winter. This period is characterized by low tem-
peratures and periodic frosts, which negatively 
affect the growth of mesophilic soil bacteria or 
biofertilizers, as their activity is inhibited or slowed 
down under these conditions, so the application 
of psychrophilic Antarctic microorganisms with 
plant growth-promoting properties can have a 
positive effect on biocenoses in the temperate 
climate zone (Styczynski et al., 2022).

The work aimed to quantify the culturable mi-
croorganisms of different groups and establish the 
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plant growth-promoting potential of bacterial 
isolates from the rhizosphere of D. antarctica.

2 Materials and methods
2.1 Study location

Samples of D. antarctica were collected in the 
Point Thomas Oasis (King George Island, South 
Shetland Islands), near W. Puchalski’s grave 
(-62.163491, -58.468756, 90 masl), during the 27th 

Ukrainian Antarctic Expedition (April 2022). 
The study plot is a typical for this area patch of 
Antarctic herb tundra formation with two abori-
gi nal Antarctic vascular plants, D. antarctica and 
C. qui tensis, accompanied by mosses: Pohlia nutans 
(Hedw.) Lindb. 1879, Bryum pseudotriquetrum 
(Hedw.) P. Gaertn., B. Mey. & Scherb. 1802, Po-
lytrichastrum alpinum (Hedw.) G. L. Sm. 1971, and 
Sanionia georgicouncinata (Müll. Hal.) Ochy ra & 
Hedenäs 1998 and liverworts: Cephaloziella varians 

Table 1. Composition of media used in the study

Medium, application Components, g·L-1 Reference

Starch-ammonia agar, for bac-
teria that metabolize mineral 
forms of nitrogen

starch – 10.0; (NH4)2SO4 – 2.0; K2HPO4 – 1.0; MgSO4 – 1.0; 
CaCO3 – 3.0; agar – 20; distilled water; ðÍ 7.0

Komplikevych et 
al., 2023

Ashby’s mannitol agar, for oli-
gonitrophilic, including nitro-
gen-fixing bacteria

mannitol – 20.0; K2HPO4 – 0.2; NaCl – 0.2; MgSO4  7H2O – 
0.4; K2SO4 – 0.1; CaCO3 – 5.0; agar – 20.0; distilled water; 
ðÍ 7.0. To the sterilized medium, a solution of trace elements 
according to Fedorov was added – 1 ml

Komplikevych et 
al., 2023

Vynohradsky medium (for bac-
teria that provide the first pha se 
of nitrification)

(NH4)2SO4 – 2.0; K2HPO4 – 1.0; MgSO4  7H2O – 0.5; NaCl – 
2.0; FeSO4  7H2O – 0.05; CaCO3 – 5.0; agar – 20.0; distilled 
water; ðÍ 7.0–7.2. To the sterilized medium, a solution of trace 
elements according to Pfennig was added (1 ml)

Hudz’ et al., 2014

Vynohradsky medium (for bac-
teria that provide the second 
phase of nitrification)

NaNO2 – 1.0; K2HPO4 – 0.5; MgSO4  7H2O – 0.5; NaCl – 0.5; 
FeSO4  7H2O – 0.4; Na2CO3 – 1.0; agar – 20.0; distilled wa-
ter; ðÍ 7.0–7.2. To the sterilized medium, a solution of trace 
elements according to Pfennig was added (1 ml)

Hudz’ et al., 2014

Menkina’s medium, for mic ro-
organisms that metabolize pho s-
phate-containing organic com-
pounds

glucose – 10.0; (NH4)2SO4 – 0.5; MgSO4  7H2O – 0.3; ÊCl – 0.3; 
MnSO4 – 0.001; FeSO4 – 0.001; CaCO3 – 5.0; egg lecithin 
(Merck, Millipore) – 3.5; agar – 20.0; distilled water; ðÍ 7.0–7.2

Komplikevych et 
al., 2023

Pikovska’s medium, for micro-
organisms that metabolize inor-
ganic phosphate-containing com-
pounds

Glucose – 10.0; Ca3(PO4)2 – 5.0; (NH4)2SO4 – 0.5; NaCl – 0.2; 
MgSO4  7H2O – 0.1; KCl – 0.2; yeast extract – 0.5; MnSO4 
 H2O – 0.002; FeSO4·7H2O – 0.002; agar – 20.0; distilled 
water; ðÍ 7.0–7.2

Nautiyal, 1999

Medium with carboxymethyl 
cel lulose, for cellulose-degrad-
ing microorganisms

NaCl – 6.0; (NH4)2SO4 – 1.0; KH2PO4 – 0.5; K2HPO4 – 0.5; 
MgSO4 – 0.1; CaCl2  2H2O – 0.1; carboxymethyl cellulose – 1.0; 
agar – 20.0; distilled water; ðÍ 7.0–7.2

Ahmed et al., 2018

Medium with Tween-20, for 
de  tection of lipolytic activity

Peptone – 10; NaCl – 5; CaCl2  6H2O – 0.1; agar – 20.0; dis-
tilled water; ðÍ 7.0–7.2. Tween-20 – 10, sterilize separately, 
and add to the sterilized medium

Hudz’ et al., 2014

Solution of trace elements ac-
cording to Fedorov

H3BO3 – 5.0; (NH4)2MoO4  2H2O – 5.0; ZnSO4  7H2O – 0.2; 
KI and NaBr – 0.5; Al2(SO4)3  18H2O – 0.3; distilled water

Hudz’ et al., 2014

Solution of trace elements ac-
cording to Pfennig

EDTA, Na2MoO4  2H2O – 0.5; FeSO4  7H2O – 0.2; ZnSO4 
 7H2O – 0.01; MnCl2  4H2O – 0.003; H3BO3 – 0.03; CoCl2 
 6H2O – 0.02; CuCl2  2H2O – 0.001; NiCl2  6H2O – 0.002; 
distilled water

Hudz’ et al., 2014
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(Gottsche) Steph. 1901 and Barbilophozia ha tche ri 
(A. Evans) Loeske 1907 (Kozeretska et al., 2010).

2.2 Isolation and cultivation
of culturable microorganisms 

To 1.0 g of soil from the rhizosphere zone, 9.0 ml 
of 0.9% NaCl solution was added. The resulting 
suspension was thoroughly mixed and incubated 
for 20 min, after which it was shaken again, dilu-
ted, and 0.1 ml of the obtained suspension was sown 
onto the culture media. For anaerobes, the cul-
tures on tryptic soy agar (TSA, Merck, Millipore) 
and Reasoner’s 2nd Agar (R2A, Merck, USA) were 
placed in a GENbox with Anaerocult A (Merck, 
Millipore) as the reagent for the generation of an 
anaerobic medium and Anaerotest (Merck, Millipo-
re) to indicate an anaerobic atmosphere. The cul-
tures were grown for 5–10 days at 14 to 16 C, 
at which both psychrophilic and mesophilic mi-
croorganisms can grow. Isolation of microorgan-
isms was carried out using conventional micro-
bio logical methods of cultivation on agar and li q-
uid nutrient media (Hudz’ et al., 2014). The media 
(Merck, Millipore) were used: TSA – to quantify 
culturable microorganisms that metabolize or-
ganic nitrogen-containing compounds, R2A – to 
quantify culturable oligotrophic microorganisms, 
Sabouraud 4% dextrose agar – to quantify cul-
turable microscopic fungi. The media listed in 
Table 1 were used for the evaluation and isolation 
of culturable microorganisms of other groups.

2.3 Properties of the isolates

The amylase activity of bacteria was assessed by 
the ability to grow on starch-ammonia agar and 
the formation of visible zones of starch hydroly-
sis around the colonies after the application of 
Lugol’s solution to the colonies (Vijayalakshmi et 
al., 2012; Komplikevych et al., 2023). Lipase ac-
tivity was assessed by the ability of the isolates to 
form calcium salt crystals of fatty acids around the 
colonies after growth in Tween-20 medium (Lo 
Giudice et al., 2006; Komplikevych et al., 2023). 

The proteolytic activity of the investigated isolates 
was evaluated by their ability to liquefy gelatin 
after growth in a column of tryptic soy gelatin 
(Loperena et al., 2012; Komplikevych et al., 2023). 
To detect the ability to synthesize siderophores, 
a medium with chromazurol S and hexadecyltri-
methylammonium bromide was used (Louden et 
al., 2011). To examine the ability of microorganisms 
to synthesize auxin-like substances, we used the 
method with the addition of Salkowski’s reagent 
during 5 day of growth (Gang et al., 2019).

To establish the optimal growth temperature 
for the isolates, each of them was inoculated onto 
an optimal medium. The cultures were grown for 
6–10 days at temperatures of 4; 8; 16; 20; 28; 
35; 40 C.

To determine cell motility, the test bacteria 
were inoculated into a column of medium con-
taining 0.2–0.6% agar and grown for 3–7 days at 
appropriate temperatures. The bacteria Proteus vul-
garis (motile) and Staphylococcus albus (non-mo-
tile) were used as test cultures (Hudz’ et al., 2014).

Resistance to NaCl for each isolate was deter-
mined on the optimal medium containing differ-
ent concentrations of NaCl (in the range of 1.0 to 
30.0%). The bacteria were grown for 5–10 days 
at the optimal temperature for each isolate.

The need for oxygen was assessed by the growth 
pattern after injecting the bacteria into a column 
of thioglycolate medium (Merñk, Millipore). 

The ability to reduce nitrate ions was deter-
mined in a TSB medium with 0.2% KNO

3. The 
prepared medium was poured into tubes with floats 
and sterilized by autoclaving at 1 atm for 20 min. 
The medium was inoculated with the bacterial 
culture and grown for seven to ten days, then the 
qualitative reactions to nitrate and nitrite ions were 
observed. To detect nitrite ions, a drop of Griess 
reagent was added to a drop of culture on a slide. 
In the presence of nitrite ions, a red-pink nitro-
gen compound is formed (Hudz’ et al., 2014).

Peculiarities of metabolism of nitrogen-con-
taining compounds were determined after growth 
in tryptic soy broth (TSB, Merck, USA) with cys-
teine (0.01%) by litmus (ammonia release) and 
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lead acetate (hydrogen sulfide, mercaptan relea se) 
indicator papers color change (Hudz’ et al., 2014).

To determine the catalase activity, a drop of 
10% H2O2 was applied to a colony of the bacteria. 
The release of bubbles of O2 indicates catalase 
activity in the cells (Hudz’ et al., 2014).

To detect oxidase activity, strips containing 
N,N-dimethyl-p-phenylenediamine oxalate and 
β-naphthol (Merñk, Millipore) were used. The 
result was considered positive if the strip turned 
blue. The oxidase-positive bacteria S. albus and 
oxidase-negative Escherichia coli were used as 
test cultures. 

The ability of microorganisms to assimilate or-
ganic carbon sources was determined by growth 
in Hiss medium (Farmaktiv, Ukraine) with glu-
cose, lactose, rhamnose, galactose, sorbitol, raf-
finose, fructose, mannose, or mannitol.

2.4 Microscopic studies

Morphological features of microorganisms (cell 
shape, size, the ability to form spores, organization 
of the cell wall after Gram staining) were studied 
using a Carl Zeiss Axio Lab.A1 binocular micro-
scope, an Olympus IX73 inverted microscope 
with a DP-74 digital camera, and transmission 
electron microscopy (Reynolds, 1963). 

Gram staining of bacteria was performed using a 
kit of dyes produced by Merck (Millipore, USA).

Endospores in cells were detected by the Pe-
shkov-Trujillo method (Hudz’ et al., 2014). To 
detect endospores by the cultural method, the 
bacterial suspension in the medium was heated 
in a water bath at 80 ± 1 C for 10 min, cooled, 
and cultured for 7–10 days at 20 ± 1 C. E. coli 
and Bacillus subtilis were used as test cultures.

2.5 Wheat seed germination

Wheat seeds (Triticum aestivum L. 1753) of the 
cultivar Tybalt were washed twice with sterile 
distilled water, surface sterilized with a 5.6% so-
dium hypochlorite solution for 3 min, and then 
washed three times in sterile water. To determine 

germination “on paper”, 100 wheat seeds per rep-
lica pre-soaked for 12 hours in a bacterial suspen-
sion (density 5.0 according to McFarland Equiv-
alence Turbidity Standards (Remel™) were spre ad 
between two layers of moistened paper. The seeds 
were germinated on filter paper in containers. 
Each layer of filter paper was moistened with 
water. Seeds were placed in rows to facilitate vi-
sual assessment of seedlings (DSTU 413 8-20021). 

To study the influence of Antarctic microor-
ganisms on wheat germination rates in soil, the 
modified method (Khan et al., 2019) was used. 
Bacterial isolates were grown on TSA for 3 days. 
After the cultivation, a suspension of bacterial 
cells with a density of 5.0 according to McFarland 
was prepared in 0.9% NaCl solution. 50 wheat 
seeds per replica were soaked in a bacterial sus-
pension for 12 hours and sown into moist soil 
(soil weight for each sample was 250 ± 20 g). 
The control was wheat seeds soaked for 12 hours 
in a 0.9% NaCl solution without bacteria. The 
seeds were placed in rows for easier counting. The 
seeds were planted into the soil and sprayed with 
water. Every day, 50 ml of tap water was added 
to each pot of the soil. Wheat was grown for 14 days 
at 16–18 C. Seedlings were first counted on the 
third day of growth. The final count of wheat 
seed germination was determined on the 8th day 
of growth (DSTU 4138-2002).

The study of seed germination was conducted 
in two independent experiments in March 2023. 
Each experiment was conducted in triplicate.

2.6 Determination of pigment content,
leaf area, and root length

Using a metal spatula, after 8 days of wheat growth, 
5 plants were carefully removed from the soil, try-
ing to capture a larger volume of soil around the 
plant to minimize damage to the roots. Plants were 
washed from soil residues with tap water, root and 

1 Yuriev Plant Production Institute of the National 
Aca demy of Agrarian Sciences of Ukraine (2002). DSTU 
4138–2002 – Seeds of agricultural crops: methods of qual-
ity determination. Derzhspozhyvstandart Ukrainy
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shoot lengths were measured with a ruler, and leaf 
area was determined by the formula Õ = (a  b)/c 
(c – mass of the filter paper square in grams; a – 
mass of the leaf contour on paper in grams; b – 
area of the paper square in mm2; X – leaf area 
in mm2) (Romaniuk et al., 2005). 

The pigment content was determined on the 
14th day of growth. Fresh plant material (0.3–
0.5 g) was thoroughly ground in a porcelain mor tar 
with a small amount of CaCO3 in a 96% ethanol 
solution (2–3 ml). After infusing for 2–3 min, 
the extract was filtered. The extraction of pigments 
was continued with small portions of pure sol-
vent on the filter until the pigments were com-
pletely isolated. The extracts were quantitatively 
transferred to a 25 ml volumetric flask and the 
volume of the extract was made up to the mark 
with 96% ethanol. To quantify the pigments, a 
portion of the extract was poured into a photo-
colorimeter cuvette (10 mm). Another cuvette was 
filled with 96% ethanol solution (control). The 
optical density of the extract was determined at 
665 and 649 nm (absorption maxima of chloro-
phyll a and chlorophyll b, respectively) (Roma-
niuk et al., 2005).

2.7 PCR amplification of 16S rRNA gene
and phylogenetic analysis

Genomic DNA was isolated using the soft lysis 
method (Green & Sambrook, 2012). Purification 
from proteins was carried out by salting out with 
potassium acetate. DNA was precipitated with iso-
propanol and washed with 70% ethanol. DNA was 
dissolved in sterile deionized water (Milli-Q® 
Millipore Water, obtained with the Barnstead™ 
GenPure™ Pro Water Purification System). The 
16S rRNA gene was amplified using universal pri-
mers 27F and 1492R (Turner et al., 1999). PCR 
amplification was performed in 50-μL samples 
using Taq polymerase (NEB M0273X) using a 
Mastercycler pro thermal cycler (Eppendorf, Ger-
many). The genomic DNA of strains was used as 
a template for the PCR. The reaction mixture 
typically contained 1.0 U of Taq Polymerase and 

1OX PCR buffer (ThermoFischer Scientific, USA), 
0.04 mM of each deoxynucleotide triphospha-
te, 600 nM of oligonucleotide primers 27F 
AGAGTTTGATCCTGGCTCAG and 1492R 
GGTTACCTTGTTACGACTT, ca. 50 ng of ge-
nomic template DNA, and purified water. The 
PCR products were analyzed by electrophoresis 
of DNA in agarose gel and visualized by staining 
with ethidium bromide. PCR products of about 
1.5 kbp were purified from the gel using silica 
columns “QiaQuick” (“Qiagen”, USA) and ana-
ly zed for DNA concentration (260-nm wavelength) 
and purification quality (ratio of 260/280 nm 
wavelength) using DeNovix DS-11 microvolume 
spectrophotometer. The products were sequen ced 
from primers 27F and 1492R using BigDye 
terminators mix and fragments were analyzed on 
ABI Prism 3130 xl. The resulting nucleotide se-
quences (two for each sample corresponding to 
DNA readings from 27F and 1492R primers) were 
quality-checked, assembled, trimmed, and com-
pared with the sequences in the GenBank data-
base by BLAST search. Multiple alignment was 
performed using the program ClustalW (Thomp-
son et al., 1994). For the aligned sequences, the 
search for the optimal model of nucleotide sub-
stitution (Nei & Kumar, 2000) and phylogenetic 
reconstruction in the program MEGA X (https://
www.megasoftware.net/; Kumar et al., 2018) was 
performed. Phylogenetic reconstruction by the 
method of maximum likelihood after 1000 boot-
strap replications was performed using the Ta-
mu ra-3-parameter model (Tamura, 1992).

2.8 Statistical processing of data

The results are presented as the average adjusted 
for standard deviation (x ± SD). The reliability of 
the data and the differences between them were 
assessed by the Student’s ratio. The difference 
was considered significant at p  0.05 (Petrovska 
et al., 2022). Statistical processing of research 
results was performed using “Microsoft Excel 2016” 
(Microsoft Corporation, USA) and plotted using 
OriginPro 8.5 (OriginLab Corporation, USA).
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3 Results

3.1 Enumeration of culturable microorganisms
of different groups of the rhizosphere zone
of Deschampsia antarctica

To quantify the culturable oligotrophic and copio-
trophic microorganisms from the rhizosphere 
zone of D. antarctica, TSA and R2A media were 
used. TSA is a nutrient-rich medium containing 
2.0% of organic nitrogen-containing compounds, 
so copiotrophic microorganisms grow well on 
this medium. R2A medium contains a low con-
tent of yeast extract, casein hydrolyzate, peptone 
(total content of these nitrogen-containing com-
pounds is 0.1%), and glucose, which allows the 
isolation of oligotrophic microorganisms (Merck, 
Microbiology Manual, 2005). Among the micro-
organisms of the rhizosphere zone of D. antarctica, 
culturable oligotrophic microorganisms significant-
ly exceeded the number of culturable copiotrophic 
microorganisms. Anaerobic culturable oligotrophic 

microorganisms were more numerous than aero-
bic culturable oligotrophic microorganisms. Among 
the culturable copiotrophic microorganisms of the 
rhizosphere zone of D. antarctica, aerobic micro-
or ganisms were more numerous (Fig. 1, a). Using 
different media for cultivation, we established that 
the most abundant groups of microorganisms in 
the rhizosphere zone of D. antarctica were oligo-
trophic, oligonitrophilic, and cellulose-degrading 
microorganisms (Fig. 1, b). The enumeration of 
microorganisms of these groups was in the range 
of 7–8  105 CFU  g–1 of dry soil. The enume ra-
tion of microorganisms of other groups was in the 
range of 3.5–4.5  105 CFU  g–1 of dry soil.

3.2 Properties of bacterial
isolates from the rhizosphere zone
of Deschampsia antarctica

After the initial inoculation of samples from the 
rhizosphere zone of D. antarctica onto selective 

Figure 1. (a) quantification of copiotrophic (1) and oligotrophic (2) culturable microorganisms. (b) quantification of  
culturable microorganisms of different groups of aerobes in the rhizosphere zone of Deschampsia antarctica (1 – mi-
croorganisms that metabolize organic nitrogen-containing compounds; 2 – microorganisms that metabolize inorganic 
nitrogen-containing compounds; 3 – oligotrophic microorganisms; 4 – oligonitrophilic microorganisms; 5 – micro-
organisms that carry out the first phase of nitrification; 6 – microorganisms that carry out the second phase of nitri-
fication; 7 – microorganisms that metabolize organic phosphate-containing compounds; 8 – microorganisms that 
metabolize inorganic phosphate-containing compounds; 9 – cellulose-degrading microorganisms; 10 – microscopic 
fungi) (* – p < 0.05; – probable difference between oligotrophic aerobic and copiotrophic aerobic microorganisms;
### – p<0.001 – probable difference between oligotrophic anaerobic and copiotrophic anaerobic microorganisms)
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media to enumerate microorganisms of different 
gro ups, 120 isolates of microorganisms were se-
lec ted and inoculated onto Ashby’s, Vinogradsky’s, 
Pikovska’s, Menkina’s, and media with Tween-20 
to determine their properties. As a result, it was 
found that 15% of the isolates grew on Ashby’s 
me dium, 14% – on Vinogradsky’s medium for 

the first and second phases of nitrification, 13% 
clea ved Tween-20, and 10% and 6% solubilized 
ino rga nic and organic phosphate-containing com-
pounds, respectively.

Among these isolates, 29 were selected, which 
formed morphologically distinct colonies on sol-
id media (Table 2). All of these isolates grew on 

Table 2. Properties of selected bacterial isolates from the rhizosphere zone of Deschampsia àntarctica

Isolate

Cultural properties Enzymatic properties

Synthesis
of sidero-
phores

Growth on the medium The ability to solubilize

amylase lipase protease
Ashby’s

² nitrifi-
ca tion 
phase

²² nitrifi-
cation 
phase

with 
carbo-

xymethyl
cellulose

inorganic 
phosphate-
containing 
compounds

organic 
phosphate-
containing 
compounds

RC1 + + + + – – + + – –

RC3 + + – – – – + + – –
RC4 + + + + + – + + – –
RC6 + + – – + – + – – –
RC8 + + + + + – + + – –
R²1 + + + + – – + + – –
R²2 + + + + – – + + – –
R²3 + + + + – – + + – –
R²4 + + – + – – + + – –
R²²1 + + + + – – + + – –
R²²4 + + + + + – + + – –
RP2 + + + + + + + + – –
RP3 + + + – + – – + – –
RP4 + + – + + – + + – –
RP5 + + + + – – + + – –
RP6 + + + + – – + + – –
RP7 + + + + – – + + – –
RP8 + + + + + + + + – +
RÎ1 + + + + – – + + – –
RÎ4 + + + + – + + + – +
RÒ1 + + + – + + – – + +
RÅ1 + + + – + + + + – +
RÅ2 + + + + + – + + – –
RÅ3 + + + – + – – – + +
RÅ4 + + + + + – + + – +
RÅ5 + + + + + + + + – –
RÅ6 + + + – + + + – – –
RÅ7 + + + + + + + + – –
RÅ8 + + + + + – + + – +

Notes: “+” – the feature is detected; “–” – the feature is not detected.
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Ashby’s and Vinogradsky’s media. 17 isolates so l-
ubilized inorganic phosphate-containing com-
po unds, and 8 isolates solubilized organic phosphate-
containing compounds. 26 isolates from the rhi zo-
sphere of D. antarctica cleaved starch. 25 isolates 
synthesized lipases to break down Tween-20. Only 
two isolates, RE3 and RT1, synthesized prote-
ases for gelatin degradation. 22 isolates grew in a 
medium containing carboxymethyl cellulose as the 
only carbon source. Isolates RÅ1, RÅ3, RÅ4, RÅ8, 
RP8, ÐÎ4, RÒ1 synthesized siderophores.

For further studies, seven isolates of bacteria 
(RE1, RE3, RE4, RE8, RP8, RO4, RT1) were 
selected that grew on Ashby’s and Vinogradsky’s 
medium, solubilized insoluble phosphate-contai n-
ing compounds, synthesized lipases, amylases, and 
siderophores.

Cells of RE1, RE3, RE4, RE8, RP8, RO4, and 
RT1 were rod-shaped or irregular, single or formed 
chains. Non-motile, did not form spores, except for 
isolate RT1. All studied isolates were Gram-neg-
ative, except for RT1. RT1 was able to grow at 
4–40 C, and all other isolates grew at 4–25 C. 
When lactose, maltose, and glucose were used as 
carbon sources, isolates RE4 and RT1 produced 
acid. All isolates, except RO4, were moderately 
halophilic. Isolates RE1, RE3, RE4, RE8, RP8 
grew at 5% NaCl, RT1 – at 7.5% NaCl.

Isolates RE1, RE3, RE4, RE8, RP8, RO4, 
RT1 are capable of synthesizing auxin-like sub-
stances (Fig. 2). Isolate RP8 did not produce 
auxin-like substances. The highest content of 
auxin-like sub stances was found in the growth 
medium of isolate RE1 (6.99 ± 0.27 μg  mL–1). 
Isolates RE3, RE4, and RE8 produced auxin-
like substances in the range of 5.8–6.0 μg  mL–1. 
The content of auxin-like substances in the me di-
um during growth of RO4 and RT1 did not ex-
ceed 2.0 μg  mL–1.

Figure 2. Content of auxin-like substances in the growth 
medium of isolates from the rhizosphere of Deschampsia 
antarctica

Figure 3. Germination of wheat seeds treated with bacterial isolates from the rhizosphere zone of Deschampsia ant-
arctica (à) (* – p < 0.05, ** – p < 0.01 – probable difference in seed germination compared to the control). Wheat 
seeds treated with RE1 isolate that germinated on filter paper (b) and in the soil (c)
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Figure 4. Growth (a) and morphology (b) of wheat from seeds treated with isolates of 
bacteria from the rhizosphere zone of Deschampsia antarctica in soil during growth for 
eight days
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3.3 Growth parameters of wheat under
the influence of bacterial isolates from
the rhizosphere zone of Deschampsia antarctica

The germination of wheat seeds pre-treated with 
isolates of bacteria from the rhizosphere zone of 
D. antarctica was studied. In the experiment us-
ing filter paper (DSTU 4138-2002), the percent-
age of germination of wheat seeds treated with 
isolates and with 0.9% NaCl solution did not 
differ significantly (Fig. 3).

In the soil, the percentage of germinated seeds 
treated with the studied isolates significantly ex-
ceeded the percentage of germinated seeds in the 
control. Germination of wheat seeds pretreated 
with 0.9% NaCl solution did not exceed 70%. Ger-
mination of wheat seeds treated with isolates RE1, 
RE4, and RT1 was 95%. About 80% of seeds 
treated with isolates RE3, RE8, and RO4 germi-
nated (Fig. 3).

The treatment of wheat seeds with the studied 
isolates of Antarctic microorganisms had a posi-
tive effect on both seed germination and wheat 
growth within 8 days (Fig. 4).

The root length of wheat treated with the RE3 
isolate exceeded the root length of wheat treated 
with 0.9% NaCl solution by 53 %. However, the 

shoot height of these plants was not significantly 
different from the control (Fig. 5, a). The roots 
of wheat treated with isolates RE8, RP8, RT1 were 
longer by 15–16 %, compared to the control. The 
shoots of plants treated with RE4 and RT1 isolates 
were higher compared to the control by 16–17 %. 

The leaf area of wheat seedlings treated with 
isolates of the rhizosphere zone of D. antarctica 
was larger compared to the control (Fig. 5, b). The 
largest leaf area was recorded for plants treated 
with isolate RT1 (it was 3 times larger than in con-
trol). The leaf area for plants treated with isolates 
RE1, RE3, RE4, and RP8 was in the range of 
400–450 mm2, and the area of wheat leaves 
treated with isolates RE8 and RO4 did not ex-
ceed 300 mm2. Isolates RP8 and RT1 caused a 
statistically significant increase in leaf area com-
pared to the control.

The total chlorophyll content in leaves of 
plants pre-treated with 0.9% NaCl solution was 
1250 ± 25 μg  g–1 of raw plant weight. The content 
of total chlorophyll in the leaves of wheat pre-
treated with the RE3 isolate was slightly lower. 
All other isolates of Antarctic microorganisms, 
except for RP8, caused a statistically significant 
increase in the total chlorophyll content in wheat 
leaves (Fig. 6).

Figure 5. Morphometric parameters (a) and leaf area (b) of seedlings from the seeds pre-treated with bacterial isolates 
from the rhizosphere zone of Deschampsia antarctica (* – p < 0.05, ** – p < 0.01 – a significant difference compared 
to the control)
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Figure 6. Total chlorophyll content (a) and chlorophyll a and b content (b) in leaves of wheat pre-treated with bacterial 
isolates from the rhizosphere zone of Deschampsia antarctica (* – p < 0.05, ** – p < 0.01 – *** – p < 0.001 – prob-
able differences in chlorophyll content compared to the control)

Figure 7. Phylogenetic reconstruction of the 16S rRNA gene of the RT1 and its next relatives with the highest log 
li ke lihood (–2812.01) by the maximum likelihood method according to the Tamura 3-parameter model. Near the 
branches are the values of the percentage of 1000 bootstrap replications. Phylogenetic analysis was conducted using 
ClustalW and MEGA X
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Thus, among the studied isolates of bacteria 
from the rhizosphere zone of D. antarctica, iso-
late RT1 showed the best plant growth-promot-
ing properties, since the treatment of wheat with 

this isolate showed an increase in wheat seed 
germination, an increase in the length of the 
shoot and root of the plant, the leaf area, and the 
chlorophyll content.

Figure 8. Isolate RT1: growth on tryptic soy agar (a), Gram stained cells (light microscopy (b), electron microscopy (c)

(a) (b) (ñ)
1 m20 m

Table 3. Differential diagnostic features of the RT1 isolate

Properties RÒ1 Bacillus velezensis CBMB205* Calidifontibacillus erzurumensis P2** 

Source of the isolation Rhizosphere of D. antarctica Rice rhizoplane Hot spring

Color of the colonies Milky yellow Creamy Beige

Maximum growth 
temperature, C 40 ± 1 45 ± 1 60 ± 1
Growth with NaCl, % 7.5 4.0 4.0

Catalase + + –

Oxidase – + +

Hydrolysis:
gelatin
starch

+
+

+
+

+
–

Use of carbon sources:
maltose
glucose
rhamnose
inosite
sucrose
manitol
dulcite
lactose
sorbite

+
+
+
+
+
+
+
+
+

+
+
+
+
+
+

n.d.
n.d.
n.d.

+
+
+
–
+
+
–
+
+

Notes. “+” – the feature was detected, “–” – the feature was not detected, “n. d.” – not determined; * – data 
taken from (Madhaiyan et al., 2010; Hwangbo et al., 2016), ** – data taken from (Adiguzel et al., 2020)
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3.4 Physiological and biochemical
properties and phylogenetic characterization
of the isolate RÒ1

The phylogenetic tree was constructed using 26 se-
quences where 1403 positions were analyzed. The 
nucleotide sequence of the 16S rRNA gene of the 
isolate RT1 is characterized by a high value of 
identity with the 16S rRNA gene sequence of the 
strain Calidifontibacillus erzurumensis P2 (99.86 %), 
Bacillus velezensis CBMB205 (99.79 %), Bacillus 
amyloliquefaciens MPA 1034 (99.79 %), Bacillus 
amyloliquefaciens NBRC 15535 (99.79 %). Ac cor d-
ing to the phylogenetic analysis, the next relati ves 
for the isolate RT1 are Calidifontibacillus erzuru-
mensis P2, Bacillus siamensis KCTC 13613 PD-A10, 
and Bacillus velezensis strains, since the sequences 
of the 16S rRNA gene of these strains belonged 
to the same clade as the studied one (Fig. 7).

Cells of RT1 are irregularly shaped and single 
(Fig. 8). They form spores. Motile. Gram-posi-
tive. On the TSA, form drop-shaped matte colonies 
of milk-yellow color with a wavy edge, 1–3 mm 
in diameter, and a pitted surface. Catalase-posi-
tive, oxidase-negative. They grow in the range of 
4–40 Ñ. The optimum temperature for growth 
is 20 C. Aerobes. In TSB, the growth pattern is 
homogeneous, accompanied by the release of hy-
drogen sulfide. Ammonia is not released during 
growth in TSB. Reduce nitrates.

Isolate RT1 grows in a wide range of tempera-
tures. The common feature of Bacillus sp. RT1 
and Bacillus velezensis CBMB205 is the ability to 
hydrolyze gelatin and starch. When lactose, mal-
tose, or glucose are used as carbon sources, RT1 
produces acid (Table 3).

Based on the physiological and biochemical 
properties and the results of phylogenetic analy-
sis of the 16S rRNA gene, isolate RT1 was iden-
tified as Bacillus sp. RT1.

4 Discussion

The rhizosphere microorganisms of Antarctic plants, 
like those of plants from other continents, are like-
ly to be important in their vital processes. Rep-

resenting different groups and possessing certain 
physiological and biochemical properties, the rhi-
zobiome provides solubilization of mineral com-
pounds, biocontrol of pathogens, stimulation of 
root growth, formation of plant response to stress, 
etc. (Znój et al., 2021). In recent years, the mi-
crobiome of Antarctic plants has been intensively 
studied. Using various approaches, including me ta-
genomic analysis, the diversity of the microbiome 
of the rhizosphere, rhizoplane and endosphere of 
Antarctic plants (Znój et al., 2022; Yerkhova et 
al., 2022), ways of acquiring it by the plant (Gua-
jardo-Leiva et al., 2022) and changes due to en-
vironmental conditions (Znój et al., 2021) have 
been determined. These data form an understan d-
ing of the relationships between Antarctic plants 
and the microbiome and their joint survival in se-
vere Antarctic conditions. However, in order to cre-
ate microbial preparations to improve the growth 
of agricultural plants, it is necessary to obtain 
pure cultures of plant growth-promoting micro-
organisms since a significant part of the rhizo-
biome and endosphere microbiome is unculturable.

Our study revealed that the most abundant mic-
roorganisms in the rhizosphere zone were oligo-
trophic microorganisms. In the study (Znój et al., 
2022), it was found that the composition of the 
rhizobiome of D. antarctica, collected from King 
George Island, includes bacteria of the phylas Pro-
teobacteria, Bacteroidetes, Verrucomicrobia, Ac ti no-
bacteria, Sacharibacteria, Parcubacterià, Acidobac-
teria, Armatimonadetes, Gemmatimonadetes, Planc-
to mycetes, Cyanobacteria. Most bacteria belonging 
to the Acidobacteraceae and Verrucomicrobiaceae 
are oligotrophic. We assume that other phyloge-
netic groups of microorganisms also include oli-
gotrophic bacteria since representatives of these 
orders are found in habitats poor in C and N com-
pounds (Han et al., 2024).

The microbiome of the rhizosphere of Antarctic 
plants is not random and partly depends on the 
plant, the conditions that affect it, and the com-
position of the soil (Guajardo-Leiva et al., 2022). 
It is known that in order to colonize the rhizosphere 
or endosphere and compete for food sources, mi-



77ISSN 1727-7485. Óêðà¿íñüêèé àíòàðêòè÷íèé æóðíàë, 2024, Ò. 22, ¹ 1, https://doi.org/10.33275/1727-7485.1.2024.728

Îlga Maslovska, Solomiia Komplikevych, Iryna Danylo et al.: Plant growth-promoting potential of bacterial isolates

croorganisms use mechanisms to increase the avai l-
ability of nutrients, including fixation of N2, in-
creasing the bioavailability of phosphorus, cellu lo-
lytic and ligninolytic activity, the ability to cleave 
complex compounds and xenobiotics, synthesis of 
secondary metabolites, etc. (Di Benedetto et al., 
2017; Olanrewaju et al., 2017). Oligonitrophilic 
and cellulolytic microorganisms were also nume r-
ous in the rhizosphere of D. antarctica. Phospha te-
solubilizing bacteria were less numerous; how-
ever, among them were those capable of dissolv-
ing organic and inorganic phosphate-containing 
compounds. Microorganisms that metabolize 
nitrogen of organic or inorganic compounds and 
nitrifying microorganisms are involved in the 
transformation of nitrogen compounds in the 
rhizosphere zone of D. antarctica. 

During the screening of plant growth promoting 
microorganisms from the rhizosphere zone of 
D. antarctica, we obtained isolates RE1, RE3, RE4, 
RE8, RP8, RO4, RT1, capable of producing sid-
erophores. Since pink zones were formed around 
the strokes of the isolates, we assume that these 
bacteria secrete organic acids – chelators of iron 
(Pandey et al., 2017). Iron is essential for plant 
growth as it is a component of many vital enzymes, 
is involved in the biosynthesis of chlorophyll, 
and is important for maintaining the structure 
and function of chloroplasts. Lack of bioavailable 
Fe limits plant growth in nature. Siderophores 
are secondary metabolites with high affinity and 
specificity for iron, functioning as organic lig-
ands necessary for iron uptake. Plants have de-
veloped transporters that allow them to absorb 
bacterial siderophores. The role of the rhizosphere 
microbiota that produces siderophores is not ful-
ly understood, but there are hypotheses that these 
microorganisms improve the entry of iron com-
pounds into the plant and, due to the intensive 
production of siderophores, have an antagonistic 
effect on phytopathogenic microorganisms, for m-
ing a locally deficient environment for available 
iron compounds. In addition, many bacterial si de ro-
phores, such as pyochelin, can trigger indu ced 
systemic resistance in plants (Kramer et al., 2020). 

The isolates, except for RP8, were capable of 
synthesizing auxin-like substances. These com-
pounds are formed in plants and affect growth 
processes and are involved in the interaction be-
tween the host plant and rhizosphere microorgan-
isms (Molina-Montenegro et al., 2020). All of them 
were able to grow on Ashby’s medium, solubi-
lized insoluble phosphates, and exhibited some 
enzymatic activities. The isolates showed plant 
growth-promoting properties. Germination of wheat 
seeds treated with 0.9% NaCl solution and bac-
terial isolates was not significantly different in the 
experiment using filter paper as specified by DSTU 
4138-2002. We assume that under conditions of 
this experiment, endogenous nutrients present in 
the seed in approximately equal amounts were used 
for seed germination. Also, under these condi-
tions, there was no influence of soil microbiota. 
In the case of wheat seeds that were treated with 
bacterial isolates, germination of wheat seeds in 
soil improved, positive changes in plant morphol-
ogy were observed, and the pigment content in-
creased. It is assumed that during the growth of 
wheat seeds in the soil, isolates from the rhizo-
sphere of D. antarctica improved the availability of 
nitrogen, phosphorus, iron, etc. The best changes 
were revealed in the case of treatment of wheat 
seeds with isolate RT1, which was identified as 
Bacillus sp. RT1 by the combination of physio-
logical properties and phylogenetic analysis of 
the 16S rRNA gene. The metagenomic analysis 
of the rhizobiome of D. antarctica from King 
George Island (Znój et al., 2022) did not reveal 
bacteria of the phylum Firmicutes. However, it 
has been identified by (Teixeira et al., 2010; Kim 
et al., 2012; Grzesiak et al., 2020) in the micro-
biome of D. antarctica sampled from different 
locations at the Admiralty Bay shore. Probably, 
environmental conditions influence the compo-
sition of the rhizobium of D. antarctica.

5 Conclusions

Among different groups of microorganisms of the 
rhizosphere of D. antarctica, bacteria with plant 
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growth-promoting properties were isolated. The 
isolated bacteria can solubilize insoluble phosphate-
containing compounds and synthesize lipases,
amylases,  auxin-like  substances,  and  sidero-
phores. Isolate RT1 (Bacillus sp. RT1 by physiologi-
cal and biochemical properties and phylogenetic 
analysis of the 16S rRNA gene) showed the best 
growth-regulating  properties.  Determining  the 
ability  of  the  studied  bacteria  to  penetrate  the 
endosphere  or  rhizosphere  of  plants  after  seed 
treatment and identifying compounds that stim-
ulate plant growth is important for further work 
on  the  development  of  preparations  based  on 
psychrophilic Antarctic microorganisms.
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3 ²íñòèòóò ìîëåêóëÿðíî¿ á³îëîã³¿ ³ ãåíåòèêè ÍÀÍ Óêðà¿íè,
ì. Kè¿â, 03143, Óêðà¿íà

* Àâòîð äëÿ êîðåñïîíäåíö³¿: svitlana.hnatush@lnu.edu.ua

Ô³òîñòèìóëþâàëüíèé ïîòåíö³àë ³çîëÿò³â áàêòåð³é ðèçîñôåðè Deschampsia antarctica

Ðåôåðàò. Àäàïòàö³¿ ðîñëèí ó êîìïëåêñ³ ç ì³êðîá³îìîì ðèçîñôåðè òà åíäîñôåðè çàáåçïå÷óþòü ¿õíº âèæèâàííÿ 
â åêñòðåìàëüíèõ óìîâàõ Àíòàðêòèêè. Ìåòîþ ðîáîòè áóëî âèçíà÷èòè ÷èñåëüí³ñòü ð³çíèõ ãðóï êóëüòèâîâàíèõ 
ì³êðîîðãàí³çì³â òà âñòàíîâèòè ô³òîñòèìóëþâàëüíèé ïîòåíö³àë ³çîëÿò³â áàêòåð³é ³ç ðèçîñôåðè Deschampsia 
antarctica. Ó ðîáîò³ âèêîðèñòàí³ ñòàíäàðòí³ ì³êðîá³îëîã³÷í³ ìåòîäè (âèçíà÷åííÿ ÷èñåëüíîñò³ ãðóï ì³êðîîðãà-
í³çì³â ³ äîñë³äæåííÿ âëàñòèâîñòåé âèä³ëåíèõ ³çîëÿò³â, çîêðåìà, âèçíà÷åííÿ îðãàí³çàö³¿ êë³òèííî¿ ñò³íêè çà 
Ãðàìîì, çäàòíîñò³ äî ðóõó, óòâîðåííÿ åíäîñïîð, ðîñòó çà ð³çíèõ òåìïåðàòóð, êîíöåíòðàö³é NaCl, ïîòðåáè ó 
êèñí³, çäàòíîñò³ çàñâîþâàòè îðãàí³÷í³ äæåðåëà êàðáîíó) ³ á³îõ³ì³÷í³ ìåòîäè äëÿ âèçíà÷åííÿ âëàñòèâîñòåé 
³çîëÿò³â (îêñèäàçíà, êàòàëàçíà àêòèâíîñò³, òåñòè íà çäàòí³ñòü â³äíîâëþâàòè í³òðàòè, óòâîðþâàòè àì³ëàçè, ë³ïàçè, 
ïðîòåàçè). Çäàòí³ñòü ³çîëÿò³â ñèíòåçóâàòè ñèäåðîôîðè âèçíà÷àëè, âèêîðèñòîâóþ÷è ñåðåäîâèùå ³ç õðîìàçóðîëîì 
S ³ ãåêñàäåöèëòðèìåòèëàìîí³é áðîì³äîì, ñîëþá³ë³çóâàòè íåðîç÷èíí³ ôîñôàòîâì³ñí³ ñïîëóêè – ñåðåäîâèùå 
Ï³êîâñüêî¿ ç Ñà3(PO4)2 ³ Ìåíê³íî¿ ç ÿº÷íèì ëåöèòèíîì. Âì³ñò àóêñèíîïîä³áíèõ ñïîëóê ó ñåðåäîâèù³ âèçíà-
÷àëè ìåòîäîì Ñàëüêîâñüêîãî. Âïëèâ ³çîëÿò³â íà ïàðàìåòðè ðîñòó ïøåíèö³ âèçíà÷àëè çà ñõîæ³ñòþ íàñ³ííÿ 
ïøåíèö³, îáðîáëåíîãî ³çîëÿòàìè, äîâæèíîþ ïàãîí³â ³ êîðåí³â ðîñëèí ³ âì³ñòîì õëîðîô³ëó ó ëèñòêàõ. ²äåíòè-
ô³êàö³þ ³çîëÿò³â ïðîâîäèëè ç âèêîðèñòàííÿì ô³ëîãåíåòè÷íîãî àíàë³çó ãåíà 16S ðÐÍÊ. Íàéá³ëüø ÷èñåëüíèìè 
ãðóïàìè ì³êðîîðãàí³çì³â ðèçîñôåðè D. antarctica áóëè îë³ãîòðîôí³, îë³ãîí³òðîô³ëüí³ ³ öåëþëîçîðóéí³âí³ ì³-
êðîîðãàí³çìè. Ñåðåä 120 ³çîëÿò³â çîíè ðèçîñôåðè D. antarctica â³ä³áðàíî 7 îë³ãîí³òðîô³ëüíèõ ³çîëÿò³â (RÅ1, RÅ3, 
RÅ4, RÅ8, RP8, RÎ4, RÒ1), ÿê³ ñîëþá³ë³çóâàëè íåðîç÷èíí³ ôîñôàòîâì³ñí³ ñïîëóêè, ñèíòåçóâàëè ë³ïàçè, àì³ëà-
çè, àóêñèíîïîä³áí³ ñïîëóêè ³ ñèäåðîôîðè. ²çîëÿò RÒ1 (Bacillus sp. RÒ1 çà ô³ç³îëîãî-á³îõ³ì³÷íèìè âëàñòèâîñòÿ-
ìè òà ðåçóëüòàòàìè ô³ëîãåíåòè÷íîãî àíàë³çó ãåíà 16S ðÐÍÊ) âèÿâëÿâ íàéêðàù³ ô³òîñòèìóëþâàëüí³ âëàñòèâîñ ò³, 
îñê³ëüêè ó ðàç³ îáðîáëåííÿ íàñ³ííÿ ïøåíèö³ öèì ³çîëÿòîì âèÿâëåíî çðîñòàííÿ ñõîæîñò³ íà 25 %, çá³ëüøåííÿ 
äîâæèíè ïàãîíà ³ êîðåíÿ ðîñëèíè íà 15 %, ïëîù³ ëèñòê³â ó 3 ðàçè, âì³ñòó õëîðîô³ëó â 1,6 ðàçè.

Êëþ÷îâ³ ñëîâà: Bacillus, àóêñèíîïîä³áí³ ñïîëóêè, ì³êðîá³îòà ðèçîñôåðè, ñèäåðîôîðè, ñîëþá³ë³çàö³ÿ ôîñôîðó, 
ô³òîñòèìóëþâàëüí³ áàêòåð³¿
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