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Aim. A complex study of the impact of the consortium of humus-forming microorganisms in the composition
of the biological preparation Extrakon, introduced into the rhizosphere, on the intact plants and plants, infected
with phytopathogenic microorganisms Pseudomonas syringae pv. atrofaciens st. 9771 and Acholeplasma laidlawii var. granulum st.118. Methods. Microbiological, physiological and biochemical, biophysical, statistical.
The impact of the multifunctional biological preparation Extrakon, introduced into the soil, was studied using
physiological and biochemical indices, in particular, catalase and peroxidase activity of tissues and the content
of chlorophylls a and b, the photochemical activity of the photosynthetic apparatus and the grain performance
of the intact spring wheat plants, Pechernianka cultivar, and plants, infected with phytopathogenic microorganisms P. syringae pv. atrofaciens st. 9771 and A. laidlawii var. granulum st. 118. Results. The application of the
consortium of humus-forming microorganisms in the composition of the biological preparation Extrakon resulted
in registered stabilizing protective impact on the pigment composition of the leaves of spring wheat plants and
their photochemical activity, especially when infected with phytopathogenic bacteria. If the wheat plants were infected on the background of the introduction of preparation Extrakon into the soil, the losses in grain performance
were reduced. Conclusions. The biological preparation Extrakon neutralizes the destructive effect, conditioned
by the phytopathogens of species P. syringae pv. atrofaciens st. 9771 and A. laidlawii var. granulum st. 118, on
the photosynthetic apparatus of the host plant. This impact leads to the increase in the content of pigments in the
leaves and induces the development of the resistance to damage in the conditions of the oxidative stress with the
increase in the level of antioxidant enzymes activity, especially catalase, in the tissues. This is accompanied with
the increase in the photosynthetic activity of leaves and the grain performance of plants.
Keywords: Triticum aestivum L., Pseudomonas syringae pv. atrofaciens, Acholeplasma laidlawii var. granulum st. 118, consortium of humus-forming microorganisms, activity of antioxidant enzymes, pigments, induction of chlorophyll Àuorescence.
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INTRODUCTION
In recent decades the aggravation of the global ecological crisis in the world led to the paradigm change
for agrobiology. The chemization of agriculture, inherent to intense technologies, gave way to adaptive agriculture, based on optimization and minimization of
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chemical intrusion, the use of the potential of a vegetative organism and symbiotic relations between plants
and microorganisms.
Due to the focus of selection on the performance, cultivated plants of agroecosystems are less resistant compared to wild species, and even the potential of resistant
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species is limited due to the mutational variability of
phytopathogenic microorganisms. The other side of the
problem is anthropogenic contamination of soils which
both reduces their fertility and destroys natural microbiota, capable of restoring the humus layer [1–3]. All
this has considerable negative impact on agriculture,
resulting in signi¿cant harvest loss and subsequently in
reduced pro¿tability of agrobusiness.
Therefore, selection of resistant species is as relevant
as the use of different components of ecological agriculture, including alternative technologies of soil restoration using core soil microorganisms on the background
of the impact of phytopathogenic microorganisms on the
plant in the host-phytopathogens and species-pathogenagroecosystem systems and the determination of physiological speci¿cities of this impact.
The population of microorganisms, which are present in a thin layer around the roots in a great amount,
is called rhizosphere microÀora, and this zone is called
rhizosphere. Numerous studies demonstrated that some
species of bacteria (Pseudomonas genus), which typically inhibit the rhizosphere, are capable of decomposing cellulose, dissolving phosphates, using proteins
and sugars, synthesizing vitamins and bacterial polysaccharides [2]. Feeding on root exudations of organic
substances, synthesized by plants, in their turn, microorganisms induce the system resistance of a plant,
producing antibiotic substances, etc. In this respect it
is important to determine the impact of specially selected species of the natural consortium of microorganisms in the composition of Extrakon preparation,
which are rhizosphere components, on the enzymatic
activity, photosynthetic apparatus and performance of
wheat plants. By its action, this preparation is intended
for soil improvement and impacts the phytoimmunity
of wheat plants. The studies of physiological effects of
plants, infected with phytopathogens at early stages of
disease development, and the course of bacterial and
mycoplasmal diseases are of additional interest [2].

lism of the host plant changes, leading to excessive
accumulation of starch and destruction of chloroplasts
as well as the decrease in the amount of chlorophyll,
and, as a result, in slowing down the productive process of wheat plants [5].
Noteworthy is the study of the most common bacterial diseases and their agents, which decrease the productivity of wheat plants considerably and degrade
quality characteristics of grain. One of these diseases
is basal glum rot of wheat (agent í Pseudomonas syringae pv. atrofaciens) [6], the incidence of which in
EU countries is about 15 %, and sometimes (in favorable months) – 30í80 %. At a higher level of development the disease has the most negative impact on
physical, technological, and biochemical qualities of
grain [6, 7].
The photosynthetic activity of leaves is known to be
the most important link in the production process of
plants, as it is in rather a close correlation with economic performance of plants [8]. The photosynthesis
intensity is usually determined by gasometric method.
However, at present it is rather more common to apply the method of inducing chlorophyll Àuorescence,
which is rather convenient due to its expressiveness
and accuracy and which does not require destroying the
study object [2, 9–13, 14–19].
Aim of this study was at determining the impact of
infecting with the most common and hazardous phytopathogens on the condition and activity of the photosynthetic apparatus and the enzymatic activity of
components of antioxidant protection of a host plant in
the pathosystem of “plant–host–phytopathogen” at the
action of the consortium of soil humus-forming microorganisms in the composition of the biological preparation Extrakon.
MATERIALS AND METHODS

It is known that mycoplasmoses are capable of practically eliminating winter wheat yield; in some cases
(in particular, in case of epiphytoties) the loss may be
as high as 90 % [4]. The complexity of detecting this
disease at early stages is the reason why it is possible
to determine its remarkable features only with time.
The most common hazardous phytopathogenic representative of this class is Acholeplasma laidlawii var.
granulum st. 118, which conditions pale green dwarfism of wheat. It was determined that having been infected by phytopathogenic acholeplasma, the metabo-

The plants of Pecherianka spring wheat cultivar were
grown in vegetative experiments on gray podzolic soil
in a greenhouse for 65–68 days until the phase of complete ripeness. The induced infecting with bacterial
suspension of P. syringae pv. atrofaciens 9771 strain
was performed using 7-day-old plants, and with the
phytopathogenic acholeplasma A. laidlawii var. granulum st. 118 – using 10-day-old plants of spring wheat.
The agent of pale green dwar¿sm of wheat, A. laidlawii
var. granulum st. 118 (UKM VM-34), was obtained
from the Ukrainian collection of microorganisms of
D. K. Zabolotny Institute of Microbiology and Virology, NAS of Ukraine.

AGRICULTURAL SCIENCE AND PRACTICE Vol. 3 No. 2 2016

33

GULIAYEVA et al.

Fig. 1. The impact of Extrakon preparation at early stages of the development of Pecherianka spring wheat cultivar (a í control, b – inoculation of Extrakon into soil)

The biological preparation Extrakon, containing the
consortium of humus-forming microorganisms, was
used to inoculate soil [2]. The norm of the prepared
preparation was 3 kg/ha, and that of the working solution – 250 l/ha. The optimal conditions of the preparation activity in soil: ɪɇ 5.0í7.0 at the temperature of
20í35 °ɋ, humidity – at least 40 %.
The scheme of the experiment: 1 í control (uninfected wheat plants); 2 – introduction of the biological preparation (BP) Extrakon into soil (uninfected
plants); 3 – plants, intentionally infected with mycoplasmas of A. laidlawii var. granulum st. 118, grown
on the soil with the introduction of BP Extrakon; 4 í
combined infection (agent P. syringae pv. atrofaciens
9771 + mycoplasmas A. laidlawii var. granulum st.
118); 5 í plants, intentionally infected with the culture (agent P. syringae pv. atrofaciens 9771 + A. laidlawii var. granulum st. 118); 6 í plants, intentionally
infected with the mixed culture (agent P. syringae
pv. atrofaciens 9771 + A. laidlawii var. granulum st.
118), cultivated on the soil with the addition of BP
Extrakon; 7 í wheat plants, infected with P. syringae pv. atrofaciens; 8 í wheat plants, infected with
P. syringae pv. atrofaciens, cultivated on the soil with
the addition of BP Extrakon. The experiment was set
up in three replicates. The activity of peroxidase was
determined by Boyarkin’s method and expressed in
units of optic density per 1 g of raw material per 1 s
(ǻD670 ·gí1 · sí1), and that of catalase í by titrometric method, expressed in the amount of Ɉ2, which
was formed due to the activity of the enzyme for 1
min per 1 g of raw material (ml Ɉ2 ǜ gí1 ǜ miní1) [20].
The pigment composition of leaves was established
in 19í21-day-old plants on the 10th and 14th day af-

The obtained data ¿le was presented in a graphic form.
The corresponding parameters of CFI were calculated
which reÀected changes in the functional links of the
photosynthetic system [9, 10, 12, 15, 17, 22]. The following parameters were determined: background Àuorescence (F0); Fpl – index of the “Àuorescence plateau”; Àuorescence quenching (qF = (Fm – Ft)/Ft);
the number of Qb-non-reversible complexes, which
do not take part in linear transportation of electrons
(Kpl = (Fpl – F0)/(Fm – F0)) of the link of dark ¿xation
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ter infecting with phytopathogens by the extraction
method in DMSO with further spectrometry [21]. The
changes in the functional condition of the photosynthetic apparatus were revealed a week after infecting.
The impact of infecting with phytopathogenic microorganisms on the condition and activity of the photosynthetic apparatus of healthy and infected plants of
Pecherianka spring wheat cultivar was determined by
the biophysical method of chlorophyll Àuorescence
induction (CFI) [16]. The data were registered using
Floratest, the portable device of domestic production. The device is equipped with liquid crystal screen
(128 × 64 pixels) and portable optic electronic sensor
with the radiation wavelength of 470 ± 15 nm, the
radiation area of the spot is at least 15 mm2 and illumination in its range of at least 2.4 W/m2. The spectral range of measuring Àuorescence intensity is from
670 to 800 nm. The software Floratest, which is supplied along with the device, takes the data, measured
by the device, via USB-port of the computer and reÀects them in the table or a chart [16]. CFI was measured 12 days after the intentional infecting with basal
glum rot P. syringae pv. atrofaciens and pale green
dwar¿sm of wheat A. laidlawii var.granulum st. 118.

IMPACT OF THE BIOLOGICAL PREPARATION EXTRAKON ON PHOTOSYNTHETIC APPARATUS

Fig. 2. The impact of Extrakon preparation and infecting with P. syringae pv. atrofaciens (ɚ) and A. laidlawii var. granulum st. 118 (b) on the growth of spring wheat plants (tillering phase): 1 í control; 2 í biological preparation Extrakon;
3 – infecting with P. syringae pv. atrofaciens; 4 – infecting with P. syringae pv. atrofaciens on the background of Extrakon;
1.1 – control; 1.2 – Extrakon; 1.3 – infecting with A. laidlawii var. granulum st. 118; 1.4 – infecting with A. laidlawii var.
granulum st. 118 on the background of Extrakon

of carbon (Kt = (Fm – Ft)/Fm) [9, 10í13, 23]. The data
of experiments were calculated using Excel tables and
processed statistically using Statistica 8.0 program.
RESULTS AND DISCUSSION
The phenological observations revealed the stimulating effect of the biological preparation Extrakon: better
germination and more intense growth of spring wheat
sprouts (Fig. 1, b; Fig. 2, ɚ (2); Fig. 2, b (1.2)).
There was some inhibition of the growth of infected wheat plants in the tillering phase, when they had
been intentionally infected with phytopathogenic microorganisms (Fig. 2, ɚ (3); Fig. 2, b (1.3)), especially when infected with pale green dwar¿sm of wheat
(Fig. 2, b (1.3)).
Infecting with phytopathogens on the background of
introducing the consortium of humus-forming microorganisms in the composition of Extrakon preparation

into the soil improved growth indices, decreased the
inhibiting effect, caused by the infection development
due to ef¿cient competition with pathogens and induction of plant resistance (Fig. 2, b (1.4)).
It was determined that the pigment composition of
leaves of Pecherianka spring wheat cultivar on the
background of introducing the multifunctional consortium of microorganisms of Extrakon preparation into
the soil was at the same level with control plants (Table
1). Infecting wheat plants with A. laidlawii var. granulum strain 118 facilitated a considerable decrease in the
amount of chlorophylls a (by 45 %), b (by 50 %), and
carotinoids (by 40 %).
Although infecting with acholeplasmas on the background of BP Extrakon decreased the concentration of
chlorophyll ɚ, it was not signi¿cant (by 33 %). There
were no changes observed in the concentration of chlorophyll b and carotinoids in these conditions (see Table
1). At the same time the content of pigments in the

Table 1. The pigment composition of the leaves of spring wheat plants, infected with the agent of pale green wheat dwar¿sm,
Acholeplasma laidlawii var. granulum st. 118 on the background of BP Extrakon
Pigments, mg/g of raw material
Experiment variant
Control *
Infecting 1
BP Extrakon *
Infecting1 on the background of BP Extrakon

Chlorophyll a

Chlorophyll b

Carotinoids

0.90 ± 0.04
0.40 ± 0.02
0.90 ± 0.04
0.60 ± 0.03

0.40 ± 0.02
0.20 ± 0.01
0.40 ± 0.02
0.20 ± 0.03

0.50 ± 0.02
0.30 ± 0.01
0.40 ± 0.02
0.30 ± 0.01

Note. * No infecting; 1 Acholeplasma laidlawii var. granulum st. 118.
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leaves of wheat plants, infected with the agent of basal
glum rot had the same dependence: the content of chlorophyll ɚ decreased considerably í by 45 %, and that
of chlorophyll b – by 67 % with the double amount of
carotinoids (Table 2).
When infected with pathogens on the background
of Extrakon, the content of chlorophyll ɚ in the leaves
was almost the same and had a tendency to increase,
whereas the content of chlorophyll b and carotinoids
increased by 33 and 50 % respectively. Therefore, the
application of the consortium of humus-forming microorganisms in the composition of BP Extrakon demonstrated the stabilizing protective impact on the pigment composition of the leaves of winter wheat plants,
especially when it was used together with infecting
with phytopathogenic bacteria.
The antioxidant system is the mechanism of system
phytoresistance, in particular, it relates to such components as catalase and peroxidase. Being components
of the antioxidant system, catalase (EU 1.11.6) and
peroxidase (EU 1.11.7) reduce hydrogen peroxide to
water, using different compounds as reducing agents
[24–27]. It envisages that catalase protects the cell from
hydrogen peroxide, generated inside the cell, whereas
peroxidase conditions speci¿c intracellular oxidative
processes, involving peroxide, which promotes the formation of relevant metabolites [24, 28].
The studies have established the changes in the activity of terminal oxidases in the tissues of leaves both
when plants were infected with phytopathogenic microorganisms and when they were grown on soil with
introduced consortium of humus-forming microorganisms (Table 3, 4).
The decrease of catalase activity by 8.7 % was demonstrated in case of infecting with phytopathogenic
acholeplasmas along with a considerable increase in
peroxidase activity í by 60 %, which is reasonable due

to the known ability of A. laidlawii var. granulum st.
118 to inhibit the activity of antioxidant enzymes [29].
The activity of terminal oxidases allows both slowing
down possible impairment of plant metabolism and
ensuring maximal economy of energetic and structural
resources. In this case infecting on the background of
BP Extrakon increases considerably both catalase (by
31 %) and peroxidase activity (2.3 times) (see Table
3). Contrary to the impact of phytoplasma, infecting
with the agent of basal glum rot promotes a more considerable increase in the activity of terminal oxidases.
The catalase activity in the wheat plant leaves, infected
with the agent of P. syringae pv. atrofaciens, increases
by 23 %, and that of peroxidase – 3-fold (see Table 4).
When infecting on the background of BP Extrakon, the
catalase activity increases more considerably (3-fold)
in wheat plant leaves. At the same time the increase in
peroxidase activity became more moderate, though the
level of increasing it was signi¿cant – 85 % (see Table
4). Thus, the ratio of the activity of terminal oxidases
changes towards catalase activity.
The following stage in the studies was the determination of the photochemical activity of the leaves using
the biophysical method of chlorophyll Àuorescence induction [12, 13, 15].
It is known that chlorophyll a of photosystem II
(PS) is the one to mainly Àuorescent. The changes in
its Àuorescence reÀect the Àuctuations in the redox
condition of the reactive centers (RC) of this photosystem [9–14, 19].
The background Àuorescence (F0) is characterized
by the emission of photons at the beginning of the fast
phase of Àuorescence, when all RC of molecules of
chlorophyll-detectors are open, and the absorbed energy migrates along the pigment matrix. Usually this
Àuorescence is minimal – about 3 %, and its increase
testi¿es to the impairment of connections between

Table 2. The pigment composition of the leaves of spring wheat plants, infected with the agent of basal glum rot, P. syringae
pv. atrofaciens, on the background of BP Extrakon
Pigments, mg/g of raw material
Experiment variant
Chlorophyll a

Chlorophyll b

Carotinoids

0.90 ± 0.04
0.40 ± 0.01
0.70 ± 0.03
1.00 ± 0.04

0.60 ± 0.02
0.20 ± 0.01
0.50 ± 0.02
0.80 ± 0.03

0.20 ± 0.01
0.10 ± 0.003
0.20 ± 0.007
0.30 ± 0.01

Control *
Infecting 2
BP Extrakon *
Infecting1 on the background of BP Extrakon
Note. *No infecting; 2 P. syringae pv. atrofaciens 9771.
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chlorophyll molecules, their degradation or synthesis of new molecules. A more signi¿cant increase in
background Àuorescence is only in case of infecting
with phytopathogenic acholeplasmas – by 47 %. At the
same time, when infecting with acholeplasmas occurs
on the background of inoculation of the consortium of
humus-forming microorganisms into the soil, the level
of F0 increases, but less signi¿cantly – by 22 %.
In case of mixed infecting this parameter was almost
no different from the control. A similar situation was
observed for mixed infecting on the background of BP
Extrakon.
Therefore, with simultaneous infection by both agents í
P. syringae pv. atrofaciens and A. laidlawii var.granulum st. 118 í in conditions of mixed infection the antenna of the light-absorbing complex is more stable than
in case of infecting with acholeplasmas only (Table 5).
The mechanism of this impact may be explained by the
inhibition of the development of some pathogens in
presence of others with combined infecting, which may
be caused both by the activity of exometabolites and
competition for energetic material. At the same time the
index of variable Àuorescence, determined by the redox
status of QA and serving as an index of photochemical redox processes [13] increased by 39 % in the plant leaves
on the soil, inoculated with BP Extrakon, which testi¿es
to the enhancement of the course of the rapid phase of
photosynthesis, in particular, the transfer of electrons in
electron-transporting chain.
When infected with acholeplasmas, the decrease in
this index by 82 % was eliminated on the soil with the
inoculation of BP Extrakon and reached 13 %. The
agent of basal glum rot inhibited Fv by 17 %, whereas
Fv increased considerably on the soil with the addition
of BP Extrakon – by 42 %. A similar tendency was
observed in conditions of mixed infecting: a considerable decrease of the variable Àuorescence at the impairment (by 41 %) and the increase when infected at
the background of BP Extrakon (by 23 %). Therefore,
due to the saturation of soil with biologically active
substances and available nutrients, the consortium of
soil microorganisms promotes the maintenance of the
resistance of the photosynthetic apparatus to impairment in conditions of the oxidative stress at the destructive impact of phytopathogenic microorganisms
of different genera.
The following analyzed index í Kpl í is the reÀection of the number of Qb-non-restoring complexes,
which do not participate in the linear transport of elecAGRICULTURAL SCIENCE AND PRACTICE Vol. 3 No. 2 2016

trons to the reaction centers of PS II [30]. The analysis
of the induction curve by this parameter revealed its
considerable increase in the leaves of wheat plants,
infected with acholeplasmas (by 59 %), whereas in
case of infecting on the background of BP Extrakon
its increase was insigni¿cant (by 9 %). It is noteworthy that the value of Kpl of leaves on the background
of BP Extrakon decreased considerably – by 23 %. Infecting with the agent of basal glum rot impacted the
balance of redox and non-redox complexes, doubling
the number of the latter, whereas in case of infecting on the background of BP Extrakon their number
increased rather considerably, but in a lesser degree –
by 59 % (see Table 5).
The value of the induction coef¿cient, which is in direct correlation with the activity of the key enzyme of
Calvin’s cycle of Rubisco [11] and in indirect correlaTable 3. The activity of antioxidant enzymes of the leaves of
spring wheat plants, infected with A. laidlawii var.granulum
118 on the background of BP Extrakon
Enzymatic activity
Experiment variant

Peroxidase,
Catalase,
ml Ɉ2 · gí1 × ǻD670 · gí1 ×
× miní1
× sí1

3.91 ± 0.71
Control *
3.57 ± 0.17
Infecting 1
1
Infecting on the background 5.13 ± 0.25
of BP Extrakon

1.10 ± 0.015
1.76 ± 0.087
2.57 ± 0.13

Note. * No infecting; 1 Acholeplasma laidlawii var. granulum st. 118.
Table 4. The activity of antioxidant enzymes of the leaves of
spring wheat plants, infected with P. syringae pv. atrofaciens
on the background of BP Extrakon
Enzymatic activity
Experiment variant

Peroxidase,
Catalase,
ml Ɉ2 · gí1 × ǻD670 · gí1 ×
× miní1
× sí1

1.73 ± 0.08
Control *
2.13 ± 0.10
Infecting 2
2
Infecting on the background 5.78 ± 0.28
of BP Extrakon

1.06 ± 0.05
3.33 ± 0.12
1.97 ± 0.09

Note. *No infecting; 2P. syringae pv. atrofaciens 9771.
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Table 5. The induction parameters of Àuorescence at the impact of intentional infecting with different kinds of pathogenic
microorganisms of spring wheat plants, cultivated on the soil with the addition of biological preparation Extrakon
Fluorescence parameter, relative units
Experiment variant
Control *
Infecting 1
BP Extrakon *
Infecting1 on the background of BP Extrakon
Infecting 2
Infecting 2 on the background of BP Extrakon
Combined infecting of plants 3
Combined infecting of plants 3 on the background of BP Extrakon *

F0

Fv

Kpl

Kl

qF

Fl

432
637
470
528
1430
941
992
886

842
688
1172
950
701
1193
496
1037

0.22
0.35
0.17
0.24
0.45
0.35
0.48
0.17

0.73
0.44
1.31
1.04
0.17
0.64
0.10
0.51

0.90
0.59
2.02
1.27
0.40
0.83
0.33
0.72

627
777.6
518.4
630.4
1478
1120
1078.4
1097.6

Note. *No infecting; 1Acholeplasma laidlawii var. granulum st. 118; 2P. syringae pv. atrofaciens 9771; “3” í infecting with
both agents í P. syringae pv. atrofaciens 9771 and A. laidlawii var. granulum 118.

tion – with the ef¿ciency of the dark phase of carbon
¿xation, increases considerably – by 79 % and when
the parameter is elevated, the Àuorescent quenching
is doubled in the leaves of plants, which grew in the
soil, inoculated with BP Extrakon. The value of Ʉɿ in
the leaves, infected with acholeplasmas, decreased by
40 %, whereas the addition of BP Extrakon had a positive impact on this index, increasing it by 43 %. Mixed
infection had a greater inhibiting effect on the activity
of Rubisco (by 86 %), but when infected on the background of BP Extrakon it increased by 30 %. Infecting with the agent of basal glum rot alone decreased Ʉɿ
somewhat less than mixed infecting (by 77 %), whereTable 6. The impact of BP Extrakon on grain productivity
of spring wheat at the infection with phytopathogenic microorganisms
Experiment variant
Control*
BP Extrakon*
Infecting with A. laidlawii var. granulum
118
Infecting with A. laidlawii var. granulum
118 on the background of BP Extrakon
Infecting with P. syringae pv. atrofaciens
Infecting with P. syringae pv. atrofaciens
on the background of BP Extrakon

Grain
productivity **
17.0 ± 0.7
17.1 ± 0.6
11.6 ± 0.37

as this value decreased only by 12 % when infected on
the background of BP Extrakon.
The highest inhibition of the Àuorescence quenching
parameter was observed in the following variants: infecting with acholeplasmas – by 34 %, mixed infecting –
by 63 %, and infecting with the agent of basal glum
rot – by 56 %. Infecting on the background of BP Extrakon increased the value of Àuorescence quenching
in case of acholeplasma by 41 % and decreased this
index by 20 and 8 % for mixed and bacterial infecting respectively. The value of Ft, which corresponds to
the stationary level of Àuorescence and is related to its
quenching, changed in a similar way, having the highest increase for infecting with acholeplasmas and for
mixed infection, except for the variant with the activity of the basal glum rot, where this index increased
considerably – by 79 % (see Table 5). The Àuctuations
of the Àuorescence quenching parameter testify to the
redox status of the components of electron transport
chain and the primary transmitter of electrons QA. It
is known that the increase in Àuorescence quenching
corresponds to the intensity increase of reactions, using
ATP and NADPN2, and the restoration of QA pool in
chloroplasts.

Note. *No infecting; **g/20 plants.

In case of adding BP Extrakon into soil the grain
productivity calculated per 20 plants remained at the
level of control plants (Table 6). Infecting with acholeplasmas and the agent of basal glum rot decreased
it by 32 and 24 % respectively, and infecting on the
background of BP inoculation allowed decreasing the
pathogenic impact agents of diseases on this parame-
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13.3 ± 0.5
13.0 ± 0.4
14.2 ± 0.6
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ter, which was reÀected in a lesser degree of inhibition
of grain productivity of inoculated plants – by 22 and
17 % respectively.
Having analyzed the obtained data, the conclusion
was made that an insigni¿cant increase in grain productivity along with the increase in Ʉɿ (activation of
Rubisco) may be related to the increase in the photorespiration process, which in ɋ3 plants may be 50 %
from the photosynthesis intensity and thus is competitive for it, resulting in the decrease in the ef¿ciency
of reserving energy due to spending it in the glycolate
cycle [31].
The positive role of the photorespiration process consists in protecting the photosynthesis apparatus from
photooxidation. It is also known that the oxidation of
glycolic acid in peroxisomes in the photorespiration
process is the main source of toxic hydrogen peroxide
in the photosynthesizing plant cell [25]. This is indirectly con¿rmed by the data on the increase in catalase
and peroxidase activity of plant leaves on the background of BP Extrakon, the main substrate of which is
hydrogen peroxide.
At the same time the activity of the consortium of
humus-forming microorganisms was directed at the
formation of a plant-microbe system [32] and thus indirectly supported the photoimmunity of plants without
any direct impact on phytopathogenic microorganisms.

pathogens decreased the photochemical activity of the
leaves of infected plants and thus the ef¿ciency of involving light energy in the rapid and slow (dark) phase
of carbon photoassimilation, especially on the background of mixed infecting. The application of the consortium of humus-forming microorganisms decreased
the negative effect of arti¿cial infecting and promoted
the increase in the photosynthetic activity of the leaves.
The investigated factors inÀuenced grain productivity
of spring wheat plants in the same way.
Therefore the soil improvement due to the application and multifunctional activity of the consortium of
humus-forming microorganisms in the composition of
the biological preparation Extrakon promotes the development of the resistance of the photosynthesis apparatus of wheat to damage and the decreased loss of
grain productivity in conditions of the oxidative stress
and phytopathogenic impact of the agents of basal
glum rot and pale green dwar¿sm of wheat, which may
serve as a basis for modern ecologically safe resourcepreserving agrotechnologies.
ȼɩɥɢɜ ɛɿɨɥɨɝɿɱɧɨɝɨ ɩɪɟɩɚɪɚɬɭ «Extrakon» ɧɚ
ɮɨɬɨɫɢɧɬɟɬɢɱɧɢɣ ɚɩɚɪɚɬ, ɮɟɪɦɟɧɬɚɬɢɜɧɭ ɚɤɬɢɜɧɿɫɬɶ
ɚɧɬɢɨɤɫɢɞɚɧɬɧɢɯ ɮɟɪɦɟɧɬɿɜ ɬɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ
ɪɨɫɥɢɧ ɹɪɨʀ ɩɲɟɧɢɰɿ ɜ ɫɢɫɬɟɦɿ ɮɿɬɨɩɚɬɨɝɟɧíɯɚɡɹʀɧ
Ƚ. Ȼ. Ƚɭɥɹɽɜɚ 1, ȱ. ɉ. Ɍɨɤɨɜɟɧɤɨ 1,
Ʌ. Ⱥ. ɉɚɫɿɱɧɢɤ 1, Ɇ. ȼ. ɉɚɬɢɤɚ 2
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CONCLUSIONS
The inhibition of growth processes and the content of
pigments – chlorophylls ɚ, b, and carotinoids was demonstrated in the leaves of infected wheat plants in the
tillering phase, intentionally infected with phytopathogenic microorganisms P. syringae pv. atrofaciens and
A. laidlawii var. granulum. The cultivation of plants on
the soil with the addition of the biological preparation
Extrakon eliminates the impact of phytopathogens on
the growth and pigment composition of spring wheat
plants, especially the phytopathogenic activity of P. syringae pv. atrofaciens.

ȱɧɫɬɢɬɭɬ ɦɿɤɪɨɛɿɨɥɨɝɿʀ ɿ ɜɿɪɭɫɨɥɨɝɿʀ ɿɦ. Ⱦ. Ʉ.
Ɂɚɛɨɥɨɬɧɨɝɨ ɇȺɇ ɍɤɪɚʀɧɢ
ȼɭɥ. Ⱥɤɚɞɟɦɿɤɚ Ɂɚɛɨɥɨɬɧɨɝɨ, 154, Ʉɢʀɜ, ɍɤɪɚʀɧɚ, 03680
2
ɇɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɛɿɨɪɟɫɭɪɫɿɜ ɿ
ɩɪɢɪɨɞɨɤɨɪɢɫɬɭɜɚɧɧɹ ɍɤɪɚʀɧɢ
ȼɭɥ. Ƚɟɪɨʀɜ Ɉɛɨɪɨɧɢ, 15, Ʉɢʀɜ, ɍɤɪɚʀɧɚ, 03041
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Infecting wheat plants with P. syringae pv. atrofaciens and A. laidlawii and mixed infecting with these

Ɇɟɬɚ. Ʉɨɦɩɥɟɤɫɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɜɩɥɢɜɭ ɜɧɟɫɟɧɨɝɨ ɜ
ɪɢɡɨɫɮɟɪɭ ɤɨɧɫɨɪɰɿɭɦɭ ɝɭɦɭɫɨɭɬɜɨɪɸɸɱɢɯ ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ ɭ ɫɤɥɚɞɿ ɛɿɨɥɨɝɿɱɧɨɝɨ ɩɪɟɩɚɪɚɬɭ «Extrakon» ɧɚ
ɿɧɬɚɤɬɧɿ ɪɨɫɥɢɧɢ ɬɚ ɪɨɫɥɢɧɢ, ɿɧɮɿɤɨɜɚɧɿ ɮɿɬɨɩɚɬɨɝɟɧɧɢɦɢ
ɦɿɤɪɨɨɪɝɚɧɿɡɦɚɦɢ Pseudomonas syringae pv. atrofaciens
ɲɬ. 9771 ɿ Acholeplasma laidlawii var. granulum ɲɬ.118.
Ɇɟɬɨɞɢ. Ɇɿɤɪɨɛɿɨɥɨɝɿɱɧɿ, ɮɿɡɿɨɥɨɝɨ-ɛɿɨɯɿɦɿɱɧɿ, ɛɿɨɮɿɡɢɱɧɿ, ɫɬɚɬɢɫɬɢɱɧɿ. Ɋɟɡɭɥɶɬɚɬɢ. ɉɪɨɚɧɚɥɿɡɨɜɚɧɨ ɣ ɭɡɚɝɚɥɶɧɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɜɩɥɢɜɭ ɜɧɟɫɟɧɨɝɨ ɜ ʉɪɭɧɬ ɦɭɥɶɬɢɮɭɧɤɰɿɨɧɚɥɶɧɨɝɨ ɛɿɨɥɨɝɿɱɧɨɝɨ ɩɪɟɩɚɪɚɬɭ «Extrakon» ɧɚ
ɮɿɡɿɨɥɨɝɨ-ɛɿɨɯɿɦɿɱɧɿ ɩɨɤɚɡɧɢɤɢ, ɡɨɤɪɟɦɚ – ɤɚɬɚɥɚɡɧɭ ɿ
ɩɟɪɨɤɫɢɞɚɡɧɭ ɚɤɬɢɜɧɿɫɬɶ ɬɤɚɧɢɧ ɿ ɜɦɿɫɬ ɯɥɨɪɨɮɿɥɿɜ ɚ ɿ
b, ɮɨɬɨɯɿɦɿɱɧɭ ɚɤɬɢɜɧɿɫɬɶ ɮɨɬɨɫɢɧɬɟɬɢɱɧɨɝɨ ɚɩɚɪɚɬɭ ɬɚ
ɡɟɪɧɨɜɭ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɿɧɬɚɤɬɧɢɯ ɿ ɭɪɚɠɟɧɢɯ ɮɿɬɨɩɚɬɨɝɟɧɧɢɦɢ ɦɿɤɪɨɨɪɝɚɧɿɡɦɚɦɢ P. syringae pv. atrofaciens
ɲɬ. 9771 ɿ A. laidlawii var. granulum ɲɬ.118 ɪɨɫɥɢɧ ɹɪɨʀ

AGRICULTURAL SCIENCE AND PRACTICE Vol. 3 No. 2 2016

39

The determination of the activity of terminal oxidases
demonstrated its increase at the impact of P. syringae
pv. atrofaciens and the inhibition of catalase and the
increase in peroxidase activity at the impact of A. laidlawii var. granulum. The highest increase in catalase
activity was observed in the leaves of plants, infected
with phytopathogens, on the background of Extrakon.

GULIAYEVA et al.
ɩɲɟɧɢɰɿ ɫɨɪɬɭ ɉɟɱɟɪɹɧɤɚ. ȼɧɚɫɥɿɞɨɤ ɡɚɫɬɨɫɭɜɚɧɧɹ ɤɨɧɫɨɪɰɿɭɦɭ ɝɭɦɭɫɨɭɬɜɨɪɸɸɱɢɯ ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ ɭ ɫɤɥɚɞɿ
ɛɿɨɥɨɝɿɱɧɨɝɨ ɩɪɟɩɚɪɚɬɭ «Extrakon» ɡɚɮɿɤɫɨɜɚɧɨ ɫɬɚɛɿɥɿɡɭɜɚɥɶɧɭ ɡɚɯɢɫɧɭ ɞɿɸ ɧɚ ɩɿɝɦɟɧɬɧɢɣ ɫɤɥɚɞ ɥɢɫɬɤɿɜ
ɪɨɫɥɢɧ ɹɪɨʀ ɩɲɟɧɢɰɿ ɬɚ ʀɯɧɸ ɮɨɬɨɯɿɦɿɱɧɭ ɚɤɬɢɜɧɿɫɬɶ,
ɨɫɨɛɥɢɜɨ ɩɪɢ ɿɧɮɿɤɭɜɚɧɧɿ ɮɿɬɨɩɚɬɨɝɟɧɧɢɦɢ ɛɚɤɬɟɪɿɹɦɢ.
Ɂɚ ɿɧɮɿɤɭɜɚɧɧɹ ɪɨɫɥɢɧ ɩɲɟɧɢɰɿ ɧɚ ɮɨɧɿ ɜɧɟɫɟɧɧɹ ɜ
ʉɪɭɧɬ ɩɪɟɩɚɪɚɬɭ «Extrakon» ɡɦɟɧɲɭɜɚɥɢɫɹ ɜɬɪɚɬɢ ɭ
ɡɟɪɧɨɜɿɣ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ. ȼɢɫɧɨɜɤɢ. Ȼɿɨɥɨɝɿɱɧɢɣ ɩɪɟɩɚɪɚɬ «Extrakon» ɧɿɜɟɥɸɽ ɞɟɫɬɪɭɤɬɢɜɧɢɣ ɟɮɟɤɬ, ɫɩɪɢɱɢɧɟɧɢɣ ɮɿɬɨɩɚɬɨɝɟɧɚɦɢ ɜɢɞɿɜ P. syringae pv. atrofaciens ɿ A. laidlawii var. granulum ɲɬ. 118 ɧɚ ɮɨɬɨɫɢɧɬɟɬɢɱɧɢɣ ɚɩɚɪɚɬ ɪɨɫɥɢɧɢ-ɯɚɡɹʀɧɚ. Ɂɚ ɣɨɝɨ ɞɿʀ ɡɪɨɫɬɚɽ
ɜɦɿɫɬ ɩɿɝɦɟɧɬɿɜ ɭ ɥɢɫɬɤɚɯ ɬɚ ɜɿɞɛɭɜɚɽɬɶɫɹ ɿɧɞɭɤɭɜɚɧɧɹ
ɪɨɡɜɢɬɤɭ ɫɬɿɣɤɨɫɬɿ ɞɨ ɩɨɲɤɨɞɠɟɧɶ ɜ ɭɦɨɜɚɯ ɨɤɢɫɧɸɜɚɥɶɧɨɝɨ ɫɬɪɟɫɭ ɩɪɢ ɡɛɿɥɶɲɟɧɧɿ ɜ ɬɤɚɧɢɧɚɯ ɚɤɬɢɜɧɨɫɬɿ
ɚɧɬɢɨɤɫɢɞɚɧɬɧɢɯ ɮɟɪɦɟɧɬɿɜ, ɨɫɨɛɥɢɜɨ ɤɚɬɚɥɚɡɢ. Ɋɚɡɨɦ
ɡ ɬɢɦ ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ ɩɿɞɜɢɳɟɧɧɹ ɮɨɬɨɫɢɧɬɟɬɢɱɧɨʀ ɚɤɬɢɜɧɨɫɬɿ ɥɢɫɬɤɿɜ, ɚ ɬɚɤɨɠ ɡɟɪɧɨɜɨʀ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ
ɪɨɫɥɢɧ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: Triticum aestivum L., Pseudomonas syringae pv. atrofaciens, Acholeplasma laidlawii var. granulum
ɲɬ. 118, ɤɨɧɫɨɪɰɿɭɦ ɝɭɦɭɫɨɭɬɜɨɪɸɸɱɢɯ ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ, ɚɤɬɢɜɧɿɫɬɶ ɚɧɬɢɨɤɫɢɞɚɧɬɧɢɯ ɮɟɪɦɟɧɬɿɜ, ɩɿɝɦɟɧɬɢ,
ɿɧɞɭɤɰɿɹ ɮɥɭɨɪɟɫɰɟɧɰɿʀ ɯɥɨɪɨɮɿɥɭ.
ȼɥɢɹɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɟɩɚɪɚɬɚ «Extrakon»
ɧɚ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ, ɚɤɬɢɜɧɨɫɬɶ
ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɮɟɪɦɟɧɬɨɜ ɢ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ
ɪɚɫɬɟɧɢɣ ɹɪɨɜɨɣ ɩɲɟɧɢɰɵ
ɜ ɫɢɫɬɟɦɟ ɮɢɬɨɩɚɬɨɝɟɧíɯɨɡɹɢɧ
Ⱥ. Ȼ. Ƚɭɥɹɟɜɚ 1, ɂ. ɉ. Ɍɨɤɨɜɟɧɤɨ 1,
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ɜ ɱɚɫɬɧɨɫɬɢ, ɤɚɬɚɥɚɡɧɭɸ ɢ ɩɟɪɨɤɫɢɞɚɡɧɭɸ ɚɤɬɢɜɧɨɫɬɶ
ɬɤɚɧɟɣ ɢ ɫɨɞɟɪɠɚɧɢɟ ɯɥɨɪɨɮɢɥɥɨɜ ɚ ɢ b, ɮɨɬɨɯɢɦɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɢ ɡɟɪɧɨɜɭɸ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɢɧɬɚɤɬɧɵɯ ɢ ɩɨɪɚɠɟɧɧɵɯ ɮɢɬɨɩɚɬɨɝɟɧɧɵɦɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ Pseudomonas syringae
pv. atrofaciens ɲɬ. 9771 ɢ Acholeplasma laidlawii var.
granulum ɲɬ.118 ɪɚɫɬɟɧɢɣ ɹɪɨɜɨɣ ɩɲɟɧɢɰɵ ɫɨɪɬɚ ɉɟɱɟɪɹɧɤɚ. ȼɫɥɟɞɫɬɜɢɟ ɩɪɢɦɟɧɟɧɢɹ ɤɨɧɫɨɪɰɢɭɦɚ ɝɭɦɭɫɨɨɛɪɚɡɭɸɳɢɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɜ ɫɨɫɬɚɜɟ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ
ɩɪɟɩɚɪɚɬɚ «Extrakon» ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɟ
ɡɚɳɢɬɧɨɟ ɞɟɣɫɬɜɢɟ ɧɚ ɩɢɝɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɥɢɫɬɶɟɜ ɪɚɫɬɟɧɢɣ ɹɪɨɜɨɣ ɩɲɟɧɢɰɵ ɢ ɢɯ ɮɨɬɨɯɢɦɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ,
ɨɫɨɛɟɧɧɨ ɩɪɢ ɢɧɮɢɰɢɪɨɜɚɧɢɢ ɮɢɬɨɩɚɬɨɝɟɧɧɵɦɢ ɛɚɤɬɟɪɢɹɦɢ. ɉɪɢ ɢɧɮɢɰɢɪɨɜɚɧɢɢ ɪɚɫɬɟɧɢɣ ɩɲɟɧɢɰɵ ɧɚ ɮɨɧɟ
ɢɧɨɤɭɥɹɰɢɢ ɜ ɩɨɱɜɭ ɩɪɟɩɚɪɚɬɚ «Extrakon» ɭɦɟɧɶɲɚɥɢɫɶ
ɩɨɬɟɪɢ ɜ ɡɟɪɧɨɜɨɣ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ. ȼɵɜɨɞɵ. Ȼɢɨɥɨɝɢɱɟɫɤɢɣ ɩɪɟɩɚɪɚɬ «Extrakon» ɧɢɜɟɥɢɪɭɟɬ ɞɟɫɬɪɭɤɬɢɜɧɵɣ
ɷɮɮɟɤɬ, ɜɵɡɜɚɧɧɵɣ ɮɢɬɨɩɚɬɨɝɟɧɚɦɢ ɜɢɞɨɜ P. syringae
pv. atrofaciens ɢ A. laidlawii var. granulum ɲɬ. 118, ɧɚ
ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɪɚɫɬɟɧɢɹ–ɯɨɡɹɢɧɚ. ɉɪɢ ɟɝɨ
ɞɟɣɫɬɜɢɢ ɜɨɡɪɚɫɬɚɟɬ ɫɨɞɟɪɠɚɧɢɟ ɩɢɝɦɟɧɬɨɜ ɜ ɥɢɫɬɶɹɯ ɢ
ɢɧɞɭɰɢɪɭɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɩɨɜɪɟɠɞɟɧɢɸ ɜ ɭɫɥɨɜɢɹɯ
ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɬɪɟɫɫɚ ɧɚɪɹɞɭ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜ ɬɤɚɧɹɯ
ɚɤɬɢɜɧɨɫɬɢ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɮɟɪɦɟɧɬɨɜ, ɨɫɨɛɟɧɧɨ ɤɚɬɚɥɚɡɵ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɥɢɫɬɶɟɜ, ɚ ɬɚɤɠɟ ɡɟɪɧɨɜɨɣ
ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ ɪɚɫɬɟɧɢɣ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Triticum aestivum L., Pseudomonas
syringae pv. atrofaciens, Acholeplasma laidlawii var. granulum ɲɬ. 118, ɤɨɧɫɨɪɰɢɭɦ ɝɭɦɭɫɨɨɛɪɚɡɭɸɳɢɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɚɤɬɢɜɧɨɫɬɶ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɮɟɪɦɟɧɬɨɜ,
ɩɢɝɦɟɧɬɵ, ɢɧɞɭɤɰɢɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɯɥɨɪɨɮɢɥɥɚ.
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