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RESEARCH OF THE PROPERTIES
OF PHOSPHATMOBILIZING BACTERIA PERSPECTIVE
FOR INCREASING THE PRODUCTIVITY
OF AGRICULTURAL GRAINS

Phosphorus is one of the main nutrients that ensure the formation of high and stable crop yields
with a favorable quality of marketable products. One of the promising directions for improving the
phosphorus nutrition of agricultural crops is biological phosphate mobilization with the help of soil
microorganisms, which contributes to the transfer of sparingly soluble phosphorus compounds from the
soil and fertilizers into a form accessible to higher plants. Aboriginal soil phosphate mobilizing bacteria
were isolated from the rhizosphere soil of the northern region of the Republic of Kazakhstan. Of the five
phosphate mobilizing bacteria: Acinetobacter calcoaceticus 2/5 pr, Stenotrophomonas rhizophila 1/7 c,
Pseudomonas koreensis 4/5 kr, Acinetobacter calcoaceticus 1/5 pr, Pseudomonas koreensis 3/4 pr, three
strains were selected: Acinetobacter calcoaceticus 2/5 pr, Pseudomonas koreensis 4/5 kr, Acinetobacter
calcoaceticus 1/5 pr, with high soil phosphate mobilization activity. The properties of phosphate-mobi-
lizing bacteria have been studied, their ability to stimulate plant growth and convert insoluble tricalcium
phosphate Ca,(PO,), into a form accessible to plants has been established. The ability to phosphate mo-
bilization and stimulation of plant growth determines the positive effect of the introduction of phosphate
mobilizing bacteria on crop yields.

The selected strains of phosphate-mobilizing bacteria are promising as a basis for creating a complex
biological fertilizer for a wide range of agricultural crops.

Key words: phosphate mobilization, soil, bacteria, growth stimulation, wheat seeds.
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AybIA LLIAPYALUBIAbIFbI AAKbIAAAPbIHbIH, OHIMAIAITIH apTTLIPY YLUIH
nepcnekTuBTi cpochaTMobMAM3aLIMSIAQAYLLIbI
OakTepUsIAAPAbIH, KACUETTEpPIH 3epTTey

Docdop TayapAblK, OHIMAEPAIH KOAAMABI CanacbIMEH >KOFapbl )X8He TYPaKTbl ayblIA LIAPYALUbIAbIFbI
AAKbIAAAPbIHbIH ©HIMIH KaAbINTACTbIPYAbl KamMTaMacbl3 €TETiH Herisri KOpPeKkTik 3aTTapAbiH 6ipi
60AbIN TabblAaabl. AybIA LIAPYaLIbIAbIFbI AAKbIAAAPbIHBIH (hOCHOPMEH KOPEKTEHYIH >KaKCapTyAbIH
NnepcrnekTUBTI GaFblTTapbiHbIH Gipi TOMbIPAK, MMKPOAF3aAaPbIHbIH, KOMEriMeH GMOAOrMSAbIK, (poctaTTbl
SKYMbIAABIDY 6OAbIN TabbiAaAbl, GYA TOMbIPAKTHIH >XOHE ThIHANTKbILITAPAbIH, KYPAMbIHAAFbI a3 epUTIH
hochop KOCBIABICTAPbIH >KOFapbl CaTblAaFbl OCIMAIKTEPre KOAXKETIMAI Typre Kellipyre bIKMaA eTeAi.
Kasakcran PecnybamKacbiHbiH, COATYCTIK aiiMafblHblH PU30CEPAAbIK, TOrMbIpaFbiHaH abopUreHAiK
docatTbl  KYMBIAAbIPFbIW  O6aKTEPUIAAP OOAIHIN aAbiHAbL. bec docdaTTbl  KyMbIAAbIPATbIH
bakTepusianapaaH: Acinetobacter calcoaceticus 2/5 np, Stenotrophomonas rhizophila 1/7 ¢, Pseu-
domonas koreensis 4/5 kp, Acinetobacter calcoaceticus 1/5 np, Pseudomonas koreensis 3/4 np,
TonbIpak, hocaTbiHbIH >KYMbIAABIPY OGEACEHAIAIN OFapbl, Yl GEACEHAl WTaMM TaHAAAAbl: Aci-
netobacter calcoaceticus 2/5 np, Pseudomonas koreensis 4/5 kp, Acinetobacter calcoaceticus 1/5 np.
DocatTbl MOOMAM3ALMSAQYLLBI GAKTEPUSIAAPABIH KACUMETTEP] 3epTTEeAAl, OAApPAbIH OCIMAIKTEPAIH
6CYiH bIHTaAQHAbIPY >KSHE epiMenTIH ylKaAbumnii pocdatbiH Ca,(PO,), ecimaikTepre KOAXETIMAI
Typre amHaAAblpy KabireTi aHbikTaaabl. DochaTTbl MOBMAM3ALMSIAAY >KOHE OCIMAIKTEPAIH ©cyiH
bIHTAAQHABIPY KabiAeTi hochaTtMOBUAM3aLMSAQYLLbI BaKTEPUSAAAPAbI EHTI3YAIH ayblA LWAPYALIbIAbIFbI
AQAKbIAAAPbIHBIH 6HIMAIAIFiIHE OH 8CepiH aHbIKTalAbI.
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®ochatMobuAM3aumsaAayLlbl  GaKTEPUSIAAPABIH,  TaHAAAFAH LITAMAAPbl  ayblA  LIAPYALUbIAbIFbI
AAKBIAAAPBIHBIH, KEH ayKbIMAbIAbIFbI YLLIiH KeleHAl GUOAOTUSABIK, ThIHANTKbILUTAPAbI KYPY YLUIH Heri3
peTiHAE NMepcrneKkTUBTI BOAbIN TabblAAAbI.

Tyiin cesaep: (hochopAbl >KYMbIAABIPY, TOMblpak, OakTepus, ©CyAi bIHTaAaHAbIPY, GuAan
TYKbIMAQPDI.
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UccaepoBanue cBoicTB hpochatmooMAnsmpyolmx bakrepmii,
NnepCcrnekKTUBHbIX AASI MOBbILLEHUSA ypO)KaﬁHOCTM
CeAbCKOXO3SIMCTBEHHbIX KYAbTYP

Dochop OTHOCUTCS K OCHOBHbBIM MUTATEAbHbIM DAEMEHTaM, obecreurBalommM GopMrpoBaHUue
BbICOKMX M YCTOMUMBbBIX YPOXKAEeB CEAbCKOXO3SMCTBEHHbIX KYAbTYP C 6GAAronpusTHbIM KauecTBOM
TOBapHOM MPoAYKUMU. OAHMM U3 MEPCMeKTUBHBIX HAMPaBAEHWI YAyULleHMs OCOPHOro nmTaHus
CEAbCKOXO039MCTBEHHbBIXKYAbTYP AIBASETCA OMOAOrMUECcKas octhaTMOBUAM3ALMS CMTOMOLLLLIO MOYBEHHbIX
MWKPOOPraHM3MOB, CroCOOCTBYIOLLAs MEPEBOAY TPYAHOPACTBOPUMbIX COeAMHeHuin doccopa 13
MOYBbl U YAOBPEHMIN B AOCTYTHYIO AAS BbICLUMX pacTeHuit hopmy. M3 prusoccepHoit NoYBbl CEBEPHOrO
pervoHa Pecnybavkn KasaxcraH BblAeAeHbl abopureHHble nouyBeHHble hochaTMOBUAM3MPYIOLLME
6akTepun. M3 natn ochatmobmamnsmpytowmx baktepuit: Acinetobacter calcoaceticus 2/5np, Ste-
notrophomonas rhizophila 1/7 ¢, Pseudomonas koreensis 4/5 kp, Acinetobacter calcoaceticus 1/5
np, Pseudomonas koreensis 3/4 np, oTo6paHbl TpM akTUBHbLIX LWiTamMma: Acinetobacter calcoaceticus
2/5 np, Pseudomonas koreensis 4/5 kp, Acinetobacter calcoaceticus 1/5 np, C BbICOKOI aKTUBHOCTbIO
MobOMAM3aLmu pocdaTos nousbl. M3yueHbl cBoMCTBa hochaTMOOMAM3YIOWMX BaKTEPUI, yCTaHOBAEHA
MX CMOCOBHOCTb CTUMYAMPOBATb POCT PACTEHWUI U MEPEBOAMTHL B AOCTYIMHYIO AASl pacTeHuin popmy
HepacTBOpPMMbIiA TpukaAbumidocdaT Ca,(PO,), CnocobHocTb K hocthaTMOBUAM3ALMM U CTUMYASILIMM
pOCTa pacTeHWI OMPEAEASET MOAOKMUTEABHOE BAUSIHWE BHeCeHUs (hoChHaTMOBUAM3YIOWMX BaKTepuit
Ha YPO>KaMHOCTb CEAbCKOXO3SMCTBEHHbIX KYAbTYP.

OTo6paHHble WwTammbl ochaTMOBNAMBUPYIOLMX GAKTEPMIA NEPCMIEKTUBHDI B KAUECTBE OCHOBbI AAS
CO3AaHUS KOMMAEKCHOrO GUOAOTMUYECKOrO YAOBPEHNS AASI LLIMPOKOTO CMEKTPA CEAbCKOXO3SMCTBEHHbIX

KYAbTYP.

KatoueBble caoBa: MoGuam3aumsi grocdopa, nousa, 0GakTepus, CTUMYASIUMS POCTa, CemeHa

nweHnubl.

Abbreviation

PMB - phosphate mobilizing bacteria;
PCR — polymerase chain reaction;
DNA - deoxyribonucleic acid;

rRNA — ribosomal ribonucleic acid.

1. Introduction

Phosphorus is one of the most important mineral
elements in plant life which can absorb it only in
an inorganic form, mainly in the form of phosphate
ions [1,2,3]. Despite the high content of total phos-
phorus in the soil, its bioavailability is a limiting fac-
tor in the growth, development and productivity of
plants; this phenomenon is called by many authors
as the “phosphorus paradox” [4, 5]. Between the
phosphoric solution, there is a significant concen-
tration gradient of neo-organic orthophosphate and
the cytoplasm of plants. In the first concentrations of

29

the phosphate ions, it rarely exceeds 10 uM, while
in plants the cytoplasmic concentration is probably
about 10 mM of phosphate ions [6,7].

In agriculture, the problem of a shortage of
available phosphorus in the soil is solved by regular
application of mineral fertilizers. However, only 10-
15% of the applied phosphorus fertilizers are assim-
ilated by plants and most of them pass into a form
that is difficult for plants to access or are washed
out with groundwater [8]. An alternative to the non-
ecological use of mineral phosphorus fertilizers to
increase the yield of agricultural crops is the bio-
logical mobilization of phosphates from insoluble
compounds through the use of phosphate-mobiliz-
ing microorganisms capable of converting insoluble
phosphates from fertilizers and soil into a soluble
form [9-17].

Grain farming is the main branch of agriculture
in Kazakhstan. In recent years, the total sowing of
grain crops has occupied over 80% of the sown area
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of agricultural crops. The average seed yield is on
average 10-13 c/ha. The country produces about
13.5 — 20.1 million tons of seed, which is a low fig-
ure in comparison with other countries. One of the
reasons for this is the lack of phosphorus nutrition
in plants. To solve this problem, we tried to isolate
effective phosphate-mobilizing bacteria for creating
a biological product.

The purpose of the study is the isolation of phos-
phate-mobilizing bacteria from the rhizosphere of
plants, the selection and production of active strains
that have a positive effect on the development of ag-
ricultural plants.

2. Materials and methods

2.1 Isolation of phosphate-mobilizing bacteria.

The object of the study was microorganisms iso-
lated from the rhizosphere soil of agricultural plants
in the Akmola region Republic of Kazakhstan. Soil
samples for microbiological analyzes were taken
from the root and root zones of plants in compliance
with the rules of asepsis and placed in sterile parch-
ment bags. The average soil sample was obtained
by mixing three soil samples taken according to the
“envelope principle”. Isolation of microorganisms
from soil was carried out by sowing on elective nu-
trient media, that dissolve calcium orthophosphates
were detected on solid nutrient media of Pikovskaya
— M1 [18], Muromtsev — M2 [19], and NBRIP (Na-
tional Botanic Research Institutes phosphate growth
medium) with tricalcium phosphate — M3 [21].

Active strains were selected from colonies form-
ing zones of phosphate dissolution. The culture me-
dium prepared in this way was poured 25 ml into
Petri dishes and, after the agar had solidified, 0.1
ml of soil suspension from dilutions 10 — 10”7 was
inoculated superficially. The dishes were incubated
at 28°C for 3 — 10 days. Colonies were taken into
account, around which large zones of calcium phos-
phate dissolution were formed.

2.2 Identification of phosphate mobilizing bac-
teria

The identification of PMB strains was carried
out by determining the direct nucleotide sequence
of the 16S rRNA gene fragment, followed by de-
termining the nucleotide identity with the sequences
deposited in the international database GeneBank.
Extraction of DNA followed by PCR and sequenc-
ing. Genomic DNA of strains was isolated using
the Genomic DNA Purification Kit (Fermentas,
Germany) according to the manufacturer’s instruc-
tions. The statistical significance of phylogenetic
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reconstructions was assessed by the “jackknife”
method (“Bootstrap”) by constructing alternative
trees [22,23].

The identification of microorganisms was also
carried out on the basis of comparing data on the
composition and ratio of peptides. The peptides
were obtained by hydrolysis of proteins in the colo-
nies of the studied microorganism, with similar data
of typical strains from the Maldi Biotyper database
(Bruker Daltonic Germany) by mass spectrometry
on MALDI-TOF, Microflex LT. The instrument
was calibrated using a commercial protein mixture
(Bruker Daltonics). On the basis of these data, the
similarity (belonging to the same species and genus)
of the studied organism with the organisms present-
ed in the database was estimated [24,25].

2.3 Activity estimation of phosphate-mobilizing
strains.

The evaluation of phosphorus mobilization of
motile forms in a liquid medium under the action of
the studied bacteria was carried out according to the
method [19]. Sterile medium was poured into 100
ml flasks and inoculated with bacterial cultures. A
non-inoculated medium served as a control. Then
the flasks were incubated on a shaker for 15 days at
a speed of 180 revolutions per minute at 28°C. The
mobilization activity of mobile phosphorus was de-
termined on the 3, 5, 7, 10 and 15 days after the start
of the experiment. The concentration of phosphates
in the solution was determined by the colorimet-
ric method using the yellow phosphomolybdenum
complex [26].

2.4 Biological activity of phosphate-mobilizing
microorganisms.

For inoculation of seeds, 3-day-old cultures
grown on a nutrient medium SPB were used [21].
The study of the effect of seed inoculation was car-
ried out with phosphate-mobilizing microorgan-
isms: (Acinetobacter calcoaceicus 2/5 pr (option
2 in the 5" sample of wheat rhizosphere soil), Ste-
notrophomonas rhizophila 1/7 ¢ (option 1 in the 7®
sample of beet rhizosphere soil), Pseudomonas ko-
reensis 4/5 kr (option 4 in the 5th sample of maize
rhizosphere soil), Acinetobacter calcoaceicus 1/5
pr (option 1 in the 5" sample of wheat rhizosphere
soil), Pseudomonas koreensis 3/4 pr (option 3 in the
4" sample of wheat rhizosphere soil),. The density
of the bacterial suspension is 10° cells / ml. To as-
sess the effect of phosphate-mobilizing microorgan-
isms on seed germination, the objects of study were
the seeds of the “Rubin” radish variety (Raphanus
sativus var. Radicula), the “Turkestan” cotton seeds
(Gossypium hirsutum L.) and the “Astana 2” wheat
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varieties (Triticum aestivum L.). The seed surface
was sterilized with a 10% sodium hypochlorite solu-
tion for 20 min, after which the seeds were washed
with 70% ethanol and three times with sterile dis-
tilled water.

Observing the rules of asepsis, the inoculated
seeds were placed on a moistened filter paper in Pe-
tri dishes. As a control seeds soaked in sterile water
and sterile medium were used for the cultivation of
bacteria. Incubation was performed at 28°C. The ex-
periment was repeated three times. All parameters
were measured at least three times.

Static data processing was performed using Mi-
crosoft Office Excel 2007 spreadsheets. The signifi-

B

cance of differences was assessed by the Student’s
criterion for p<0.05.

3. Results and discussion

3.1 Isolation of active phosphate-mobilizing
bacteria

During the study, 130 bacterial strains were
isolated, of which 28 were pure cultures of phos-
phate-mobilizing bacteria. It was noted, that when
isolating phosphate-mobilizing bacteria from soil
samples on M1 and M3 media, clearly visible
zones of phosphate dissolution were observed
(Figure 1).

Zones of dissolution around bacterial colonies A — M1 (Pikovskaya medium);
B — M2 (Muromtsev medium); C — M3 (NBRIP medium), on the 5th day of cultivation

Figure 1 — Zones of phosphate dissolution

At the next stage, the ability of bacteria to mo-
bilize phosphate from various insoluble compounds
was assessed. The highest phosphate-dissolving ac-
tivity have bacterial isolates Acinetobacter calco-
aceticus 2/5 pr, Stenotrophomonas rhizophila 1/7
¢, Pseudomonas koreensis 4/5 kr, andPseudomonas
koreensis 3/4 pr and Acinetobacter calcoaceticus
1/5 pr with the diameter of the dissolution zones

ranged from 15 mm to 30 mm. On M2 medium, the
appearance of clearing zones was not observed even
when the most active microorganisms were culti-
vated for more than 7 days (Table 1).

Thus, the glucose-ammonium medium M1 and
M3 medium can be used as alternatives to M2 me-
dium, when isolating soil phosphate-mobilizing mi-
croorganisms.

Table 1 — Phosphate-mobilizing activity of bacteria on various media according to the diameter of the phosphate dissolution zones

. ) Diameter of Ca,PO, dissolution zones in different media, d = mm
Strain name of bacterial culture

M1 M2 M3
Acinetobacter calcoaceticus 2/5 pr 15 00 25
Stenotrophomonas rhizophila 1/7¢ 17 00 19
Pseudomonas koreensis 4/5 kr 30 00 30
Pseudomonas koreensis 3/4 pr 25 02 30
Acinetobacter calcoaceticus1/5 pr 23 01 28
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Identification of phosphate-mobilizing bacteria.

When carrying out the genetic identification of
strains 1/5 pr, 2/5 pr 3/4 pr, 4/5 kr and 1/7 c, a nucle-
otide sequence of 660 bp was obtained based on the
analysis of the 16S rRNA gene nucleotide sequence
after the removal of terminal fragments, which was
identified in Gene Bank using the BLAST algorithm.
When identified using the international database
NCBI, the strains identified had the maximum iden-

]

tity (97.66 — 99.86%). However, taking into account
the literature data indicating the presence of nucleo-
tide sequence errors in such international banks as
the Gene Bank and the Ribosomal Database Proj-
ect (RDP-II), a phylogenetic tree was additionally
built with the 16S rRNA nucleotide sequences of the
gene for reference strains of this species (NCBI Na-
tional Center for Biotechnology Information, USA)
(Figure 2).
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Phylogenetic tree showing phylogenetic relationships between strains
1/7 ¢, 3/4 pr, 1/5 pr, 4/5 kr and 2/5 pr and typical strains of related species.

Figure 2 — Phylogenetic tree based on the analysis of the 16S rRNA
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Analysis of the nucleotide sequences of the 16S
rRNA gene made it possible to assign strains 1/5 pr
and 2/5 pr to the genus Acinetobacter, strains 3/4 pr
and 4/5 kr to the genus Pseudomonas, and strain 1/7
c to the genus Stenotrophomonas. Strain 1/7 ¢ had
99.58% identity with the Stenotrophomonas rhi-
zophila strain. Strains 3/4 pr and 4/5 kr had 99.81%
and 100% identity with the Pseudomonas koreensis
strain, and strains 1/5 pr and 2/5 pr had 99.81% and
99.50% identity with the strain Actnetobacter cal-
coaceticus.

In order to assess the ability of PMB strains
to mobilize phosphorus from insoluble soil phos-
phates, an experiment was performed with strains
of Acinetobacter calcoaceticus 2/5 pr, Stenotroph-
omonas rhizophila 1/7 ¢, Pseudomonas koreensis
4/5 kr, Pseudomonas koreensis 3/4 pr Acinetobacter
calcoaceticus 1/5 pr bacteri within 15 days on
NBRIP medium. The content of soluble phosphates
was determined in the culture liquid.

As a result of the studies, the phosphate-mobi-
lizing ability of the strains was determined. With a
constant level of soluble phosphate fraction in ster-
ile control (3.1 mM/1), the increase in soluble phos-
phates by the biomass of the strain Nel4 — Acineto-
bacter calcoaceticus 1/5 pr and Ne7 — Pseudomonas
koreensis 4/5 kr was — 25.5 mM/I1, biomass of strain
Ne5 — Stenotrophomonas rhizophila 1/7 ¢ — 27.0
mM/1, biomass of strain Nel12 — Pseudomonas ko-
reensis 3/4 pr — 34.3 mM/Il, biomass of strain Ne4
— Acinetobacter calcoaceticus 2/5 pr — 30.0 mM /1
(Figure 3).

Of the five PMB strains, the most active were
strains Nel4 — Acinetobacter calcoaceticus 2/5 pr —
30.0 mM/1, Nel12 — Pseudomonas koreensis 3/4 pr —
34.3 mM/1, Ne5 — Stenotrophomonas rhizophila 1/7
¢ — 27.0 mM/1 of soluble phosphates, respectively.
Strains Nel4 — Acinetobacter calcoaceticus 1/5 pr —
25.0 mM/L and Ne7 — Pseudomonas koreensis 4/5
kr —25.5 mM/1 had a slightly lower activity.

Growth of soluble phosphates

A0

A% 000

HLOLK]

25,000

FOLINE]

15000

L0000

5,000

0,000

Soluble plospleates concentration, mMUL

| L l __ | | MaT
| " m Contred Foooli
] | hMoi4
[ B MNell
=
[ E 5 !

B Mg

B NS

10 5

cultivatian, days

Figure 3 — Dynamics of the formation of phosphorus mobile forms by phosphate-mobilizing bacteria.
Ned — Acinetobacter calcoaceticus 2/5 pr; Ne5 — Stenotrophomonas rhizophila 1/7 ¢; Ne7 — Pseudomonas
koreensis 4/5 kr; Nel12 — Pseudomonas koreensis 3/4 pr; Nel4 — Acinetobacter calcoaceticus 1/5 pr.

To explain the mechanisms of the phosphate-
mobilizing ability, it was suggested that bacteria
acidify the medium with organic acid.

Therefore, an experiment was carried out to
determine the total acidity of the medium. The ti-
trated solution of sodium hydroxide 0.025 M was
prepared and determined the acidity of the envi-
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ronment of these strains by acid-base titration of
the indicator phenolphthalene. The amount of total
acidity directly correlates with an increase in the
concentration of soluble phosphates and, in fact,
with the effectiveness of the strain. The results
were expressed in mMol equivalent of hydrogen
ions (Figure 4).
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Figure 4 — Influence of the total acidity of the environment
on the phosphate-mobilizing activity of phosphate mobilizing strains

It was found that five promising phosphate-
mobilizing strains also produced more organic ac-
ids. Strains Ned — Acinetobacter calcoaceticus 2/5
pr, Ne5 — Stenotrophomonas rhizophila 1/7 c, Ne7
— Pseudomonas koreensis 4/5 kr, Nel2 — Pseudo-
monas koreensis 3/4 pr and Nel4 — Acinetobacter
calcoaceticus 1/5 pr, which acidity approached 50
mMeq/L, which directly correlates with their phos-
phate-mobilizing ability. From five PMB strains, the
most active were strains Ned — Acinetobacter calco-
aceticus 2/5 pr — 63.75 mMequiv/L, Ne5 — Steno-
trophomonas rhizophila 1/7 ¢ — 51.25 mMequiv/L,
Nel4 — Acinetobacter calcoaceticus 1/5 pr — 51.25
mMeq/L and Nel2 — Pseudomonas koreensis 3/4 pr
— 58.75 mM eq/L, strain Ne7 — Pseudomonas kore-
ensis 4/5 kr — 48.125 mMeq/L had a slightly lower
activity. Selected phosphate-mobilizing bacterial
strains are a potential basis for creating bacterial
fertilizers to improve phosphorus nutrition of agri-
cultural plants.

Testing the effect of phosphate-mobilizing bac-
teria on agricultural crops in laboratory conditions.

Active strains of PMB were selected to study
the growth-stimulating effect on seed germination,
growth and development of agricultural crops seed-
ling in laboratory experiments. The selected isolates
stimulate the germination of the most studied crops.
A higher germination rate compared to the control
was revealed in variants of the experiment with seed
treatment with strains of Acinetobacter calcoace-
ticus 2/5 pr, Stenotrophomonas rhizophila 1/7 c,
Pseudomonas koreensis 4/5 kr, Pseudomonas kore-
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ensis 3/4 pr and Acinetobacter calcoaceticus 1/5 pr
-80%), while in the control the germination rate was
only 20-30% (Figure 5).

Based on the data obtained, it can be seen that
under the influence of pre-sowing treatment of cot-
ton seeds with strains of phosphate-mobilizing rhi-
zobacteria, a stimulating effect on the growth and
development of cotton plants was observed. In all
variants of the experiment, the green and dry weight
of cotton plants was greater than in the control. At
the same time, the wet weight of one plant increased
4.0 — 4.5 times in comparison with the control vari-
ant. It was shown that the maximum accumulation
of green mass of plants was observed when cotton
seeds were treated with Pseudomonas koreensis 4/5
kr, Pseudomonas koreensis 3/4 pr and Acinetobacter
calcoaceticus 1/5 pr strains, which have the highest
positive effect on plant development (Figure 6).

Thus, bacterization of cotton seeds by phos-
phate-mobilizing rhizosphere bacteria has a com-
plex effect on plants. At the stage of manifestation
of the first roots, the mineral nutrition of the seedling
improves due to a more developed root system, and
on the other, due to an increase in the concentration
of phosphorus compounds available for plants in the
rhizosphere and rhizoplane (phosphate-mobilizing
activity of rhizosphere bacteria). This promotes the
development of stronger seedlings and gives a start
for further growth and development of plants. After
germination, inoculated cotton seedlings accumu-
late biomass faster due to a well-developed root sys-
tem and photosynthetic apparatus.
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Figure 5 — Growth-stimulating effect of crops on the germination of cotton, radish and wheat seeds.
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Figure 6 — Influence of strains of phosphate-mobilizing bacteria
on the biomass of a cotton plant variety “Turkestan”

In laboratory studies with wheat seedlings, it
was shown that the strains of Acinetobacter calco-
aceticus 2/5 pr, Stenotrophomonas rhizophila 1/7 c,
Pseudomonas koreensis 4/5 kr, Pseudomonas ko-
reensis 3/4 pr and Acinetobacter calcoaceticus 1/5
pr exhibit growth promoting activity, in addition to
phosphate stimulating. Bacterization of wheat seeds
with the strains Acinetobacter calcoaceticus — 2/5
pr and Pseudomonas koreensis — 4/5 kr accelerated
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seed germination. At the stage of the first roots ap-
pearance, the mineral nutrition of the seedling im-
proves, on the one hand, due to a more developed
root system. On the other hand, due to an increase
in the concentration of phosphorus compounds in
the rhizosphere and rhizoplane for plants. This pro-
motes the development of stronger seedlings and
gives a start for further plant growth and develop-
ment (Figure 7).
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The effect of the selected strains of phosphate-
mobilizing bacteria on wheat seedlings was ex-
pressed in a change in root morphology: an increase
in the number and length of roots by 2.5-3.0 times.
The most active stimulants were isolates of Aci-
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netobacter calcoaceticus 2/5 pr and Pseudomonas
koreensis 4/5 kr, a statistically significant increase
in root length was obtained on average by 74.5%
— 100% and wheat seedlings on average 88.4% —
100%, respectively.
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Data on the effect of PMB on the biometric parameters of wheat seedlings
of the “Astana-2” variety (after 21 days of laboratory microvegetation experiment)

Figure 7 — The influence of phosphate-mobilizing bacteria strains on the growth of seedlings
and root formation of spring wheat variety “Astana —2”

Thus, the data obtained made it possible to es-
tablish that the strains of rhizosphere bacteria are
able not only to dissolve trisubstituted calcium or-
thophosphate, but also to actively stimulate the
growth of wheat plants.

Evaluation of the biological activity of phos-
phate-mobilizing strains showed that they have
growth-stimulating properties.

As a result of the data obtained, it was found
that all the studied crops had the ability to increase
the germination of radish plant seeds by 80 — 100%
compared to the control. It was also noted that as a
result of seed treatment with phosphate-mobilizing
rhizobacteria, there is a significant stimulation of the
embryonic roots and shoots (Figure 8).

The research results show that under the action
of biologically active substances of bacteria, the
growth force of seeds increases, which is manifested
in the length increase of the embryonic roots and
shoots. The greatest length of seedlings and roots
was established when seeds were treated with phos-
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phate-mobilizing microorganisms Acinetobacter
calcoaceticus 2/5 pr, Pseudomonas koreensis 4/5
kr and Acinetobacter calcoaceticus 1/5 pr etc. The
length of seedlings increased by 5.6 cm, germ roots
by 5.2 cm, compared with control. The studied ag-
ronomically valuable microorganisms based on
phosphate-mobilizing rhizobacteria had a positive
effect on the growth of radish plants from the earli-
est stages of seed inoculation.

Based on the results of the data obtained, the
most promising phosphate-mobilizing strains of soil
microorganisms were selected for further research.

Thus, the experiment made it possible to deter-
mine the strains of rhizosphere bacteria most active
in terms of their ability to phosphate mobilization,
which was expediently tested in field experiments as
a basis for bacterial fertilizers.

To assess the effect of phosphate-mobilizing
bacteria on the yield of spring wheat, field experi-
ments were carried out on southern carbonate cher-
nozem soil.
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On the crops of spring wheat variety “Shortan-
dinskaya 20127, the effectiveness of phosphate-
mobilizing bacteria on the provision of southern
carbonate chernozem soil with phosphorus and
the dose of phosphorus fertilizers was studied.
The dependence of the yield of spring wheat on
the content of mobile phosphorus in the southern
calcareous chernozem soil has been established.
The introduction of drug 1 (based on phosphate-
mobilizing rhizobacteria) against the background

abors of radish.cm
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without the introduction of P,O, made it possible
to obtain reliable increases in yield — 2.26 t/ha of
grain, respectively. When the soil was saturated
with mobile phosphorus on average up to 123.5
kg/ha, the effect of bacterization of spring wheat
decreased, the increase in grain was 2.18 t/ha. The
use of preparation 1 (based on phosphate-mobiliz-
ing rhizobacteria) was effective only without the
addition of P,O,, the increase from seed bacteriza-
tion averaged 2.28 t/ha of grain.

Average plast lemgrh

Figure 8 — The influence of strains of phosphate-mobilizing bacteria
on the seedlings growth and root formation of the “Rubin” radish variety

Accordingly, the effectiveness of the use of
phosphate-mobilizing rhizobacteria on spring wheat
was established, depending on the application of
P,Oj in the southern-calcareous chernozem soil. The
introduction of P,O, with Preparation 1 (phosphate-
mobilizing bacteria) when the soil is supplied with
mobile phosphates is impractical.

Conclusion

Modern trends in the creation, development and
promotion of “organic” farming technologies imply
the replacement of chemicals used in intensive ag-
ricultural production with biological ones. In this
regard, the creation of biological products based on
effective native phosphate-mobilizing microorgan-
isms is an actual task of modern agriculture.

Thus, based on the data obtained on the prop-
erties of new strains of phosphate-mobilizing bac-
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teria, the degree of phosphate mobilization and
the ability to stimulate plant growth and develop-
ment, the selected phosphate-mobilizing bacterial
strains is a potential basis for a new bacterial fer-
tilization to improve the phosphorus nutrition of
agricultural crops. Improving the mineral nutri-
tion of plants contributes to an increase in yields
and an improvement in the quality of agricultural
products.
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