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Aim. To study the features of phosphorus nutrition of winter wheat under the influence of different doses of
mineral fertilizers and microbial preparation Polimiksobakteryn. Methods. The phosphatase activity in rhizo-
sphere soil of winter wheat was determined photocolorimetrically by the method of Geller and Ginsburg, the
phosphorus content in plants — as described by Denizhe in the modification of Bouvatier. Results. The phos-
phatase activity in the rhizosphere soil of winter wheat plants increases due to the application of a microbial
preparation and mineral fertilizers in low doses. This increases both the absorption of phosphorus by plants
and their yield. Conclusions. Growing winter wheat on the leached black soil with dose-relevant introduction
of mineral fertilizers in doses, not exceeding N_P_ K_ and the use of Polimiksobakteryn improve phosphorus
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nutrition of wheat plants and promote the increase in the yield of crops.
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INTRODUCTION

One of the urgent problems of modern agriculture
of Ukraine is to optimize phosphorus nutrition of
crops, which is due to the key role of phosphorus in
crop production process and the low natural content
of its mobile compounds in soils [1]. The applica-
tion of mineral fertilizers may optimize phosphorus
nutrition of plants, but today the level of their use in
Ukraine has decreased more than 5-fold [2]. In addi-
tion, due to the ability of soils to fix phosphorus, its
amount, withdrawn by plants from fertilizers, does
not exceed 20-25 % [3]. In these conditions an im-
portant technological method that can increase the
solubility of phosphate in the soil is the use of micro-
bial preparations based on phosphate mobilizing mi-
croorganisms [4]. It is known that microorganisms
synthesize the complex of biologically active sub-
stances including the enzymes. Noteworthy among
the latter are the phosphatases — proteins that are
directly involved in the hydrolysis of organic phos-
phates [5, 6]. Using microbial preparations, based
on active strains of phosphate mobilizing bacteria,
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it is possible to adjust the composition of microbial
communities of plants root zone and to improve their
phosphate nutrition of crops [7].

The aim of our study was to examine phosphorus nu-
trition of winter wheat under the influence of different
doses of mineral fertilizers and microbial preparation
Polimiksobakteryn.

MATERIALS AND METHODS

The study was conducted during 2011-2013 with
winter wheat cultivar Sonechko in the stationary field
experiment of the Institute of Agricultural Microbio-
logy and Agroindustrial Production NAAS on meadow
black soil which contains 2.12 % of humus, 95.2 mg/kg
of easily hydrolyzed nitrogen, 226 mg/kg of mobile
phosphorus (by Chirikov), 108 mg/kg of exchangeable
potassium (by Maslov), pH_, — 5.30, grain size distri-
bution of the arable soil layer (by Kaczynski): content
of fractions 0.1-0.25 mm, % — 5.6; 0.25-0.05 mm, % —
18.7; 0.05-0.01 mm, % — 52.2; 0.01-0.005 mm, % —
6.4; 0.005-0.001 mm, % — 6.0; sum of fractions <
< 0.001 mm (clay), % — 16.7; sum of fractions <
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Fig. 1. The effect of bacterization and different doses of
fertilizers on the phosphatase activity in soil rhizosphere
of winter wheat plant cultivar Sonechko
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Fig. 2. Phosphorus content in the grain of winter wheat cultivar Sonechko
< 0.01 mm, % (physical clay) — 29.1, the diversity of RESULTS AND DISCUSSION

soil — clayish coarse loamy soil.

The scheme of experiment with wheat included the
following variants:

Background I — without bacterization:

1. without fertilizer (control);

2.N, P, K, (N, .in autumn + N, i.n the tiller@ng phase);
3. N, P K (N, in 'autumn +N,,in the 'tlllerlng phas.e);
4. N, Py Ky (N, in autumn + .N 4 In the tillering
phase + N, at the stem elongation stage);

Background II — bacterization by Polimiksobakteryn
5-8 — the same options (variants) of fertilization.

The area of research plot was 86.4 m? (7.2 x 12.0),
the experiment was repeated four times. The farming
culture of winter wheat was common. The bacteriza-
tion of winter wheat seeds with Polimiksobakteryn
(TS U 24.1-00497360-004:2009) was conducted ac-
cording to CS 01.11-37-782 [8].

The samples of plant rhizosphere soil for analy-
sis were taken during the following phases of wheat
plant development: stem elongation, flowering and
milky wax ripeness. The total phosphatase activ-
ity of rhizosphere soil of winter wheat plants was
determined by the method of Geller and Ginsburg.
The phosphorus content in winter wheat plants was
determined as described by Denizhe in the modifica-
tion of Bouvatier [9].

The progress of the field stationary experiment, the
registration of crop yield and the statistical processing
of the results were performed according to the conven-
tional methods [10].
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The determination of phosphatase activity of wheat
plant rhizosphere soil in dynamics demonstrated that
during the vegetation period of wheat the phosphatase
activity increased in all the backgrounds of mineral
fertilization, except the highest dose of the fertilizer
(N, Py Ky,). The application of microbial preparation
Polimiksobakteryn has a positive effect on the enzyme
activity at all the stages of plant development, espe-
cially on the background of N P, K, . Thus, at the stage
of stem elongation it increased by 0.26 mg P,0./100 g
soil/hour for the mentioned variant; in the flowering
phase the difference between the variant with bacteriza-
tion and without it was 0.41 mg P,O./100 g soil/hour; in
milky wax ripeness phase under the bacterization con-
ditions the phosphatase activity of rhizosphere soil was
1.80 mg P,0./100 g soil/hour (in the variant without bac-
terization — 1.34 mg P,O,/100 g soil/hour) (Fig. 1).

Similar specificities of the influence of Polimikso-
bakteryn and mineral fertilizers on the studied parame-
ters were observed in all the years of research.

The influence of the microbial preparation on the
hydrolysis of rhizosphere phosphate affected the phos-
phate nutrition of winter wheat plant soil. The phos-
phorus content in the leaves of wheat plants in the
phase of milky wax ripeness increased compared with
the control from 0.28 % to 0.37 % due to the effect
of Polimiksobakteryn on the background of N P, K
(Table 1). In case of bacterization on the background of
N,,P,K,, the phosphorus content in grain increased by
0.14 % (Fig. 2).

The use of Polimiksobakteryn in all the backgrounds
of mineral fertilization contributes to the increase of
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total phosphorus withdrawal with the yield of winter = phosphorus withdrawal with straw — 37.2 kg/ha and
wheat. The highest withdrawal of phosphorus with ~ 27.4 kg/ha, accordingly.

the grain occurs under the influence of Polimiksobak- These changes contributed to the increase in the
teryn on the background of N P K ~— 48.3 kg/ha, yield of crops (Table 2). Thus, comparing the yield
while in the variant without bacterization — 35.7 kg/ha,  of winter wheat in the experiment block without in-

Table 1. The effect of bacterization and fertilizers on phosphorus content in the leaves of winter wheat plant cultivar Sonechko

The content of P.O_, %

275

Variants of the experiment phase of plant development

stem elongation flowering milky wax ripeness

Background I — without bacterization

Without fertilizers (control) 0.50 £0.01 0.45+0.01 0.22+0.01
Mineral (N, P, K_ ) 0.53+£0.01 0.48 £0.01 0.30£0.01
Mineral (NP K, ) 0.56 £ 0.01 0.49 +£0.01 0.28 £0.01
Mineral (N, P, K, ) 0.56 £0.01 0.49 +£0.01 0.32+0.01

Background II — bacterization by Polimiksobakteryn

Without fertilizers 0.54+0.01 0.53%0.01 0.31+0.01
Mineral (N, P, K,) 0.58 +0.01 0.53%0.01 0.33=0.01
Mineral (NP, K, 0.60 = 0.01 0.55+0.01 0.37+0.01
Mineral (N, P, K,,) 0.56 = 0.01 0.55+0.01 0.34+0.01

Table 2. The effect of fertilizers and bacterization on the yield of winter wheat cultivar Sonechko

Surplus

The average with each subsequent dose
yield, t/ha of fertilizers

t/ha % t/ha %

Variants of the experiment due to bacterization

Background I — without bacterization

Without fertilizers (control) 3.97 - - - -
Mineral (N, P, K. ) 4.43 0.46 11.59 - -
Mineral (N P K ) 4.66 0.23 5.19 - -
Mineral (N, P, K ) 4.82 0.16 3.43 - -
Background II — bacterization by Polimiksobakteryn

Without fertilizers 4.24 - - 0.27 6.80
Mineral (N, P, K, ) 4.77 0.53 12.50 0.34 7.67
Mineral (N, P, K ) 5.23 0.46 9.64 0.57 12.23
Mineral (N, P, K ) 5.42 0.19 3.63 0.42 12.45
LSD,, in experiment 0.39

for agricultural background 0.26

for inoculation and interaction 0.17

6 AGRICULTURAL SCIENCE AND PRACTICE Vol.2 No.2 2015



PHOSPHATE NUTRITION AND YIELD OF WINTER WHEAT UNDER THE INFLUENCE

oculation with the indices of variants with preplant-
ing bacterization of seeds with Polimiksobakteryn, we
can conclude about the equivalence of the influence
of microbial preparation on the culture productivity
and the influence of certain doses of mineral fertili-
zers. For example, the yield of wheat in the variant
N, P, K,, + bacterization is the same as that for the
introduction of fertilizer doses N, P, K, into the soil

. ) ) 90~ 90" 790
without bacterization.

The yield surplus for each subsequent dose of fertil-
izers in the experiment decreases naturally, but while
using Polimiksobakteryn, the decrease is not as rapid as
is the case of the corresponding variants without bacte-
rization. It is an indirect reflection of the increasing de-
gree of assimilation of the active ingredient of fertilizer
under the influence of the microbial preparation. Simi-
lar features were observed earlier in the experiments
with other crops [7].

CONCLUSIONS

Growing winter wheat on the leached black soil
with dose-relevant introduction of mineral fertilizers
in the doses, not exceeding N, P, K . and the use of
Polimiksobakteryn improve the phosphorus nutrition

of wheat plants and the increase in the yield of crops.

®ochopHe JKUBJICHHS Ta YPOKANHHICTH NIIEHUII 03UMOI
3a Jii 100puB Ta nojaimMikcodakTepuHy

B. B. Boakoron, JI. M. Toxmaxoga, I1. B. KoBnak,
A. O. Tpemay, O. I1. Jlerexa

e-mail: tokmakova In@mail.ru

[HCTHTYT CiTbCHKOTOCTIONAPCHKOT MiKpOOiomoTil
Ta arponpomucioBoro BupooHunrsa HAAH,
Byi. llleBucnka, 97, m. Uepwiris, 14027, Ykpaina

MeTta. BuBuntu ocobiamnBocTi GpochopHOTo KUBIESHHS TIIIe-
HUIII 03MMOI 3a BIUIMBY PI3HHMX JI03 MiHEpaJbHUX JOOpHB
Ta MikpoOHoro mpemnapary Ilomimikcobakrepuny. Metoau.
®docdaTa3zHy aKTHBHICTH PU30C(PEPHOrO IPYHTY MIICHHUII
03UMOi BH3HAYAIH (HOTOKOIIOPUMETPHYHO 32 METOOM [ ei-
nep Tta ['iE30ypr, BmicT dochopy B pocimmHax — 3a Me-
togom /Jlenike B momudikanii Bysarbe. Pesyabratn. Y
pusochepHOMY TIPYHTI POCIMH IIIIEHHWI O3UMOI IpU 3a-
CTOCYBaHHI MiKpOOHOTO TIpernapaTy Ta BHECEHHI MiHepailb-
HUX JI00pHMB y HEBHCOKHX /103ax 3pocTae (ocdarasna ak-
TUBHICTG. [Ipn 1boMy 301TBITy€THCS 3aCBOEHHSA (hochopy
pOCIMHAMH, MIJABUILYETHCS YpOKaiiHicTh. BucHoBku. ITpu
BUPOIIYBaHHI MIIEHUI 03UMOI Ha YOPHO3EMi BHIIY)KEHO-
My po3apiOHe BHECEHHs MiHEpaJbHHUX JOOpPHB Yy J/03ax,
mo He nepesuutyoth N P K . i 3actocysanns Ilomimik-
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co0aKTepuHy CIPHsE MOKpAIIEHHIO PochOpHOTO )KUBICHHS
POCIIMH MIICHHMII 1 3pOCTaHHIO YPOXKaWHOCTI KyJIBTYpH.

KirouoBi cnoBa: minepansHi nobOpusa, IlomimikcoOakTe-
PHH, MIICHHIs 03uMa, GocdarazHa akTHBHICTb, GocdopHe
JKUBJICHHSL.

®ochopHoe MUTAHHE H YPOKAHHOCTD MIICHUIBI 03UMOI
NoJ BJIHSIHUEM yT100peHHi 1 MOJTUMHKCO0AKTepHHA

B. B. Bonxorosn, JI. H. Tokmakosa, I1. B. Kosmak,
A. A. Tpemnay, E. I1. Jlenexa

e-mail: tokmakova In@mail.ru

HHCTUTYT CENbCKOXO3SHCTBEHHONH MUKPOOHOIOTHHI
1 arponpoMelIiieHHoro nmpoussoactsa HAAH
yi. llleBuenka, 97, r. Yepnuros, 14027, Ykpauna

Heas. U3yunts ocobeHHOCTH (HOCHOPHOTO MUTAHUS IIIIIC-
HULBl O3MMOW MO BIUSIHUEM Pa3IUuYHBIX 103 MHHEpallb-
HBIX y#noOpeHuil W MHUKpoOHOro mnpenapara Ilomumukco-
6akrepuna. Metoapl. DocdarasHyro aKTHUBHOCTH PH30C-
(hepHOM TOUBBI ONpECsUTH (POTOKOIOPUMETPHUYECKH 10
merony lemnmep Ta I'mu3Oypr, comepxanue Qocdopa B
pacTeHMsIX MIIEHMIBI O3UMOH — 1o Mmertopy JleHwxke B
monudukauuu Byarbe. Pedynwbrarsl. [Ipu BblpammBanuu
MIICHNAIBI O3MMOM Ha 4YEpPHO3EME BBIIIECIOYECHHOM IIPH-
MeHenne [lommMukcoOakTeprHa W MHUHEpANBHBIX ymoOpe-
HUIl B HEBBICOKMX 033X CIIOCOOCTBYET YCHIJICHHIO (hoc-
(harazHON aKTUBHOCTH B pu3oc(epHON IOUYBE pacTeHWil.
OTO COMpOBOXKIACTCS yIydrieHneM (HochopHOro MUTAHUS
1 NOBBIICHUEM YpoxaiiHOcTU. BbiBoabl. IIpu BbIpamu-
BaHWMHU IIIICHHUIBI O3UMOM Ha YOPHO3EME BBIIIEIOYEHHOM
JIpoOHOE BHECCHHWE MHHEPAJBbHBIX YIAOOpEHWH B 032X,
ne npespimarommx N, P K . v npumenenue [Mommmukco-
OakTeprHa CIIOCOOCTBYET YIy4IIeHHIO (HOCHOPHOTrO MHUTA-
HUSI PACTeHWI MIICHUIBI M YBEIMYCHUIO YPOXKAWHOCTH
KYJIBTYPBI.

KoaioueBble cioBa: mMuHepaibHble ynoOpenus, [loauMux-
co0akTepuH, MIIeHAIa 03uMas, (ocdara3sHas aKTHBHOCTB,
dhocdopHOe HTAHHE.
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