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Aim. To study the features of phosphorus nutrition of winter wheat under the inÀuence of different doses of
mineral fertilizers and microbial preparation Polimiksobakteryn. Methods. The phosphatase activity in rhizosphere 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 modi¿cation of Bouvatier. Results. The phosphatase 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 N60P60K60, and the use of Polimiksobakteryn improve phosphorus
nutrition of wheat plants and promote the increase in the yield of crops.
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INTRODUCTION

it is possible to adjust the composition of microbial
communities of plants root zone and to improve their
phosphate nutrition of crops [7].

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 application 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 addition, due to the ability of soils to ¿x phosphorus, its
amount, withdrawn by plants from fertilizers, does
not exceed 20–25 % [3]. In these conditions an important technological method that can increase the
solubility of phosphate in the soil is the use of microbial preparations based on phosphate mobilizing microorganisms [4]. It is known that microorganisms
synthesize the complex of biologically active substances including the enzymes. Noteworthy among
the latter are the phosphatases – proteins that are
directly involved in the hydrolysis of organic phosphates [5, 6]. Using microbial preparations, based
on active strains of phosphate mobilizing bacteria,

The study was conducted during 2011–2013 with
winter wheat cultivar Sonechko in the stationary ¿eld
experiment of the Institute of Agricultural Microbiology 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), pHsalt – 5.30, grain size distribution 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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The aim of our study was to examine phosphorus nutrition of winter wheat under the inÀuence of different
doses of mineral fertilizers and microbial preparation
Polimiksobakteryn.
MATERIALS AND METHODS
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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
soil – clayish coarse loamy soil.
The scheme of experiment with wheat included the
following variants:
Background I – without bacterization:
1. without fertilizer (control);
2. N30P30K30 (N20 in autumn + N10 in the tillering phase);
3. N60P60K60 (N20 in autumn + N40 in the tillering phase);
4. N90P90K90 (N20 in autumn + N40 in the tillering
phase + N30 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 m2 (7.2 × 12.0),
the experiment was repeated four times. The farming
culture of winter wheat was common. The bacterization of winter wheat seeds with Polimiksobakteryn
(TS U 24.1-00497360-004:2009) was conducted according to CS 01.11-37-782 [8].
The samples of plant rhizosphere soil for analysis were taken during the following phases of wheat
plant development: stem elongation, Àowering and
milky wax ripeness. The total phosphatase activity 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 modi¿cation of Bouvatier [9].
The progress of the ¿eld stationary experiment, the
registration of crop yield and the statistical processing
of the results were performed according to the conventional methods [10].
AGRICULTURAL SCIENCE AND PRACTICE Vol. 2 No. 2 2015

RESULTS AND DISCUSSION
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
(N90P90K90). The application of microbial preparation
Polimiksobakteryn has a positive effect on the enzyme
activity at all the stages of plant development, especially on the background of N60P60K60. Thus, at the stage
of stem elongation it increased by 0.26 mg P2O5/100 g
soil/hour for the mentioned variant; in the Àowering
phase the difference between the variant with bacterization and without it was 0.41 mg P2O5/100 g soil/hour; in
milky wax ripeness phase under the bacterization conditions the phosphatase activity of rhizosphere soil was
1.80 mg P2O5/100 g soil/hour (in the variant without bacterization – 1.34 mg P2O5/100 g soil/hour) (Fig. 1).
Similar speci¿cities of the inÀuence of Polimiksobakteryn and mineral fertilizers on the studied parameters were observed in all the years of research.
The inÀuence of the microbial preparation on the
hydrolysis of rhizosphere phosphate affected the phosphate nutrition of winter wheat plant soil. The phosphorus 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 N60P60K60
(Table 1). In case of bacterization on the background of
N60P60K60 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
5
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total phosphorus withdrawal with the yield of winter
wheat. The highest withdrawal of phosphorus with
the grain occurs under the inÀuence of Polimiksobakteryn on the background of N60P60K60 – 48.3 kg/ha,
while in the variant without bacterization – 35.7 kg/ha,

phosphorus withdrawal with straw – 37.2 kg/ha and
27.4 kg/ha, accordingly.
These changes contributed to the increase in the
yield of crops (Table 2). Thus, comparing the yield
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 Ɋ2Ɉ5, %
phase of plant development

Variants of the experiment
stem elongation

Àowering

milky wax ripeness

Background I – without bacterization
Without fertilizers (control)
Mineral (N30P30K30)
Mineral (N60P60K60)
Mineral (N90P90K90)

0.50 ± 0.01
0.53 ± 0.01
0.56 ± 0.01
0.56 ± 0.01

0.45 ± 0.01
0.48 ± 0.01
0.49 ± 0.01
0.49 ± 0.01

0.22 ± 0.01
0.30 ± 0.01
0.28 ± 0.01
0.32 ± 0.01

Background II – bacterization by Polimiksobakteryn
Without fertilizers
Mineral (N30P30K30)
Mineral (N60P60K60)
Mineral (N90P90K90)

0.53 ± 0.01
0.53 ± 0.01
0.55 ± 0.01
0.55 ± 0.01

0.54 ± 0.01
0.58 ± 0.01
0.60 ± 0.01
0.56 ± 0.01

0.31 ± 0.01
0.33 ± 0.01
0.37 ± 0.01
0.34 ± 0.01

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

The average
yield, t/ha

with each subsequent dose
of fertilizers
t/ha

%

due to bacterization
t/ha

%

–
–
–
–

–
–
–
–

0.27
0.34
0.57
0.42

6.80
7.67
12.23
12.45

Background I – without bacterization
Without fertilizers (control)
Mineral (N30P30K30)
Mineral (N60P60K60)
Mineral (N90P90K90)

3.97
4.43
4.66
4.82

–
0.46
0.23
0.16

–
11.59
5.19
3.43

Background II – bacterization by Polimiksobakteryn
Without fertilizers
Mineral (N30P30K30)
Mineral (N60P60K60)
Mineral (N90P90K90)
LSD05 in experiment
for agricultural background
for inoculation and interaction
6

4.24
4.77
5.23
5.42
0.39
0.26
0.17

–
0.53
0.46
0.19

–
12.50
9.64
3.63
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oculation with the indices of variants with preplanting bacterization of seeds with Polimiksobakteryn, we
can conclude about the equivalence of the inÀuence
of microbial preparation on the culture productivity
and the inÀuence of certain doses of mineral fertilizers. For example, the yield of wheat in the variant
N30P30K30 + bacterization is the same as that for the
introduction of fertilizer doses N90P90K90 into the soil
without bacterization.
The yield surplus for each subsequent dose of fertilizers in the experiment decreases naturally, but while
using Polimiksobakteryn, the decrease is not as rapid as
is the case of the corresponding variants without bacterization. It is an indirect reÀection of the increasing degree of assimilation of the active ingredient of fertilizer
under the inÀuence of the microbial preparation. Similar 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 N60P60K60, and the use of
Polimiksobakteryn improve the phosphorus nutrition
of wheat plants and the increase in the yield of crops.
Ɏɨɫɮɨɪɧɟ ɠɢɜɥɟɧɧɹ ɬɚ ɭɪɨɠɚɣɧɿɫɬɶ ɩɲɟɧɢɰɿ ɨɡɢɦɨʀ
ɡɚ ɞɿʀ ɞɨɛɪɢɜ ɬɚ ɩɨɥɿɦɿɤɫɨɛɚɤɬɟɪɢɧɭ
ȼ. ȼ. ȼɨɥɤɨɝɨɧ, Ʌ. Ɇ. Ɍɨɤɦɚɤɨɜɚ, ɉ. ȼ. Ʉɨɜɩɚɤ,
Ⱥ. Ɉ. Ɍɪɟɩɚɱ, Ɉ. ɉ. Ʌɟɩɟɯɚ
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ȱɧɫɬɢɬɭɬ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨʀ ɦɿɤɪɨɛɿɨɥɨɝɿʀ
ɬɚ ɚɝɪɨɩɪɨɦɢɫɥɨɜɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɇȺȺɇ,
ɜɭɥ. ɒɟɜɱɟɧɤɚ, 97, ɦ. ɑɟɪɧɿɝɿɜ, 14027, ɍɤɪɚʀɧɚ
Ɇɟɬɚ. ȼɢɜɱɢɬɢ ɨɫɨɛɥɢɜɨɫɬɿ ɮɨɫɮɨɪɧɨɝɨ ɠɢɜɥɟɧɧɹ ɩɲɟɧɢɰɿ ɨɡɢɦɨʀ ɡɚ ɜɩɥɢɜɭ ɪɿɡɧɢɯ ɞɨɡ ɦɿɧɟɪɚɥɶɧɢɯ ɞɨɛɪɢɜ
ɬɚ ɦɿɤɪɨɛɧɨɝɨ ɩɪɟɩɚɪɚɬɭ ɉɨɥɿɦɿɤɫɨɛɚɤɬɟɪɢɧɭ. Ɇɟɬɨɞɢ.
Ɏɨɫɮɚɬɚɡɧɭ ɚɤɬɢɜɧɿɫɬɶ ɪɢɡɨɫɮɟɪɧɨɝɨ ʉɪɭɧɬɭ ɩɲɟɧɢɰɿ
ɨɡɢɦɨʀ ɜɢɡɧɚɱɚɥɢ ɮɨɬɨɤɨɥɨɪɢɦɟɬɪɢɱɧɨ ɡɚ ɦɟɬɨɞɨɦ Ƚɟɥɥɟɪ ɬɚ Ƚɿɧɡɛɭɪɝ, ɜɦɿɫɬ ɮɨɫɮɨɪɭ ɜ ɪɨɫɥɢɧɚɯ – ɡɚ ɦɟɬɨɞɨɦ Ⱦɟɧɿɠɟ ɜ ɦɨɞɢɮɿɤɚɰɿʀ Ȼɭɜɚɬɶɽ. Ɋɟɡɭɥɶɬɚɬɢ. ɍ
ɪɢɡɨɫɮɟɪɧɨɦɭ ʉɪɭɧɬɿ ɪɨɫɥɢɧ ɩɲɟɧɢɰɿ ɨɡɢɦɨʀ ɩɪɢ ɡɚɫɬɨɫɭɜɚɧɧɿ ɦɿɤɪɨɛɧɨɝɨ ɩɪɟɩɚɪɚɬɭ ɬɚ ɜɧɟɫɟɧɧɿ ɦɿɧɟɪɚɥɶɧɢɯ ɞɨɛɪɢɜ ɭ ɧɟɜɢɫɨɤɢɯ ɞɨɡɚɯ ɡɪɨɫɬɚɽ ɮɨɫɮɚɬɚɡɧɚ ɚɤɬɢɜɧɿɫɬɶ. ɉɪɢ ɰɶɨɦɭ ɡɛɿɥɶɲɭɽɬɶɫɹ ɡɚɫɜɨɽɧɧɹ ɮɨɫɮɨɪɭ
ɪɨɫɥɢɧɚɦɢ, ɩɿɞɜɢɳɭɽɬɶɫɹ ɭɪɨɠɚɣɧɿɫɬɶ. ȼɢɫɧɨɜɤɢ. ɉɪɢ
ɜɢɪɨɳɭɜɚɧɧɿ ɩɲɟɧɢɰɿ ɨɡɢɦɨʀ ɧɚ ɱɨɪɧɨɡɟɦɿ ɜɢɥɭɠɟɧɨɦɭ ɪɨɡɞɪɿɛɧɟ ɜɧɟɫɟɧɧɹ ɦɿɧɟɪɚɥɶɧɢɯ ɞɨɛɪɢɜ ɭ ɞɨɡɚɯ,
ɳɨ ɧɟ ɩɟɪɟɜɢɳɭɸɬɶ N60P60K60, ɿ ɡɚɫɬɨɫɭɜɚɧɧɹ ɉɨɥɿɦɿɤAGRICULTURAL SCIENCE AND PRACTICE Vol. 2 No. 2 2015

ɫɨɛɚɤɬɟɪɢɧɭ ɫɩɪɢɹɽ ɩɨɤɪɚɳɟɧɧɸ ɮɨɫɮɨɪɧɨɝɨ ɠɢɜɥɟɧɧɹ
ɪɨɫɥɢɧ ɩɲɟɧɢɰɿ ɿ ɡɪɨɫɬɚɧɧɸ ɭɪɨɠɚɣɧɨɫɬɿ ɤɭɥɶɬɭɪɢ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɦɿɧɟɪɚɥɶɧɿ ɞɨɛɪɢɜɚ, ɉɨɥɿɦɿɤɫɨɛɚɤɬɟɪɢɧ, ɩɲɟɧɢɰɹ ɨɡɢɦɚ, ɮɨɫɮɚɬɚɡɧɚ ɚɤɬɢɜɧɿɫɬɶ, ɮɨɫɮɨɪɧɟ
ɠɢɜɥɟɧɧɹ.
Ɏɨɫɮɨɪɧɨɟ ɩɢɬɚɧɢɟ ɢ ɭɪɨɠɚɣɧɨɫɬɶ ɩɲɟɧɢɰɵ ɨɡɢɦɨɣ
ɩɨɞ ɜɥɢɹɧɢɟɦ ɭɞɨɛɪɟɧɢɣ ɢ ɩɨɥɢɦɢɤɫɨɛɚɤɬɟɪɢɧɚ
ȼ. ȼ. ȼɨɥɤɨɝɨɧ, Ʌ. ɇ. Ɍɨɤɦɚɤɨɜɚ, ɉ. ȼ. Ʉɨɜɩɚɤ,
Ⱥ. Ⱥ. Ɍɪɟɩɚɱ, ȿ. ɉ. Ʌɟɩɟɯɚ
e-mail: tokmakova_ln@mail.ru
ɂɧɫɬɢɬɭɬ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɦɢɤɪɨɛɢɨɥɨɝɢɢ
ɢ ɚɝɪɨɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɇȺȺɇ
ɭɥ. ɒɟɜɱɟɧɤɚ, 97, ɝ. ɑɟɪɧɢɝɨɜ, 14027, ɍɤɪɚɢɧɚ
ɐɟɥɶ. ɂɡɭɱɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɮɨɫɮɨɪɧɨɝɨ ɩɢɬɚɧɢɹ ɩɲɟɧɢɰɵ ɨɡɢɦɨɣ ɩɨɞ ɜɥɢɹɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɞɨɡ ɦɢɧɟɪɚɥɶɧɵɯ ɭɞɨɛɪɟɧɢɣ ɢ ɦɢɤɪɨɛɧɨɝɨ ɩɪɟɩɚɪɚɬɚ ɉɨɥɢɦɢɤɫɨɛɚɤɬɟɪɢɧɚ. Ɇɟɬɨɞɵ. Ɏɨɫɮɚɬɚɡɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɪɢɡɨɫɮɟɪɧɨɣ ɩɨɱɜɵ ɨɩɪɟɞɟɥɹɥɢ ɮɨɬɨɤɨɥɨɪɢɦɟɬɪɢɱɟɫɤɢ ɩɨ
ɦɟɬɨɞɭ Ƚɟɥɥɟɪ ɬɚ Ƚɢɧɡɛɭɪɝ, ɫɨɞɟɪɠɚɧɢɟ ɮɨɫɮɨɪɚ ɜ
ɪɚɫɬɟɧɢɹɯ ɩɲɟɧɢɰɵ ɨɡɢɦɨɣ – ɩɨ ɦɟɬɨɞɭ Ⱦɟɧɢɠɟ ɜ
ɦɨɞɢɮɢɤɚɰɢɢ Ȼɭɜɚɬɶɟ. Ɋɟɡɭɥɶɬɚɬɵ. ɉɪɢ ɜɵɪɚɳɢɜɚɧɢɢ
ɩɲɟɧɢɰɵ ɨɡɢɦɨɣ ɧɚ ɱɟɪɧɨɡɟɦɟ ɜɵɳɟɥɨɱɟɧɧɨɦ ɩɪɢɦɟɧɟɧɢɟ ɉɨɥɢɦɢɤɫɨɛɚɤɬɟɪɢɧɚ ɢ ɦɢɧɟɪɚɥɶɧɵɯ ɭɞɨɛɪɟɧɢɣ ɜ ɧɟɜɵɫɨɤɢɯ ɞɨɡɚɯ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɫɢɥɟɧɢɸ ɮɨɫɮɚɬɚɡɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɪɢɡɨɫɮɟɪɧɨɣ ɩɨɱɜɟ ɪɚɫɬɟɧɢɣ.
ɗɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɥɭɱɲɟɧɢɟɦ ɮɨɫɮɨɪɧɨɝɨ ɩɢɬɚɧɢɹ
ɢ ɩɨɜɵɲɟɧɢɟɦ ɭɪɨɠɚɣɧɨɫɬɢ. ȼɵɜɨɞɵ. ɉɪɢ ɜɵɪɚɳɢɜɚɧɢɢ ɩɲɟɧɢɰɵ ɨɡɢɦɨɣ ɧɚ ɱɨɪɧɨɡɟɦɟ ɜɵɳɟɥɨɱɟɧɧɨɦ
ɞɪɨɛɧɨɟ ɜɧɟɫɟɧɢɟ ɦɢɧɟɪɚɥɶɧɵɯ ɭɞɨɛɪɟɧɢɣ ɜ ɞɨɡɚɯ,
ɧɟ ɩɪɟɜɵɲɚɸɳɢɯ N60P60K60, ɢ ɩɪɢɦɟɧɟɧɢɟ ɉɨɥɢɦɢɤɫɨɛɚɤɬɟɪɢɧɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɥɭɱɲɟɧɢɸ ɮɨɫɮɨɪɧɨɝɨ ɩɢɬɚɧɢɹ ɪɚɫɬɟɧɢɣ ɩɲɟɧɢɰɵ ɢ ɭɜɟɥɢɱɟɧɢɸ ɭɪɨɠɚɣɧɨɫɬɢ
ɤɭɥɶɬɭɪɵ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɢɧɟɪɚɥɶɧɵɟ ɭɞɨɛɪɟɧɢɹ, ɉɨɥɢɦɢɤɫɨɛɚɤɬɟɪɢɧ, ɩɲɟɧɢɰɚ ɨɡɢɦɚɹ, ɮɨɫɮɚɬɚɡɧɚɹ ɚɤɬɢɜɧɨɫɬɶ,
ɮɨɫɮɨɪɧɨɟ ɩɢɬɚɧɢɟ.
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