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THE INFLUENCE OF THE COMPLEX

BACTERIAL PREPARATION AZOGRAN ON SOME
PHYSIOLOGICAL-BIOCHEMICAL PROPERTIES

AND PRODUCTIVITY OF POTATO PLANTS INFECTED
BY THE POTATO VIRUS X

The problem of increasing the yield of cultivated plants attracts the attention of specialists and prompts scientists to study
viral plant diseases as one of the causes of significant crop losses. A virus is an endogenous parasite that, having entered
plant cells, uses the functions of cell organoids and biosystems for its reproduction, which leads to plant disease and a
decrease in their productivity. One of the promising approaches to reducing viral damage to plants is the use of micro-
bial antiviral preparations. The complex bacterial preparation Azogran, developed at the Institute of Microbiology and
Virology of the National Academy of Sciences of Ukraine, is based on the interaction of phosphate-mobilizing bacteria
Bacillus subtilis IMV B-7023, nitrogen-fixing bacteria Azotobacter vinelandii IMV B-7076, and clay mineral — ben-
tonite. Phosphate-mobilizing bacteria and nitrogen-fixing bacteria significantly improve the growth and development of
plants, essentially increasing the yield of agricultural crops. However, the effect of Azogran on the development and yield
of potato plants infected with the X-virus has not been sufficiently studied. Taking this into account, the aim of the work
was to study the effect of the complex bacterial preparation Azogran on the growth, some physiological and biochemical
properties, and productivity of potato plants, uninfected and infected by the potato virus X. Methods. Microbiological
(obtaining the bacterial preparation Azogran, used in granular form (0.25 g)), virological (isolation of potato virus X,
inoculation of plants with potato virus X), serological (testing for the presence or absence of the virus), biochemical (de-
termination of chlorophylls a, b and carotenoids), spectrophotometric, and statistical analysis. Results. In the conducted
experiments, the Azogran was used in granular form in the amount of one and two granules. The effectiveness of the use
of the preparation, which stimulates the intensive growth of plants of two varieties of potatoes (early variety Spokusa and
medium variety Diva), which leads to an increase in their yield, is shown. The positive effect of Azogran was observed on
the development of both infected and non-infected plants. It was found that when two granules of the preparation were
applied, the yield of potatoes of the Diva variety increased by 27.02%, and the yield of potatoes of the Spokusa variety
under the same conditions increased by 29.46%. A similar effect of Azogran was observed on plants infected with the
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potato virus X, only to a lesser extent: in the Diva variety, the yield was 16.3% higher compared to the control (control —
plants not infected by the virus), and in the Spokusa variety it was higher by 22.59%. When studying the content of
chlorophylls a and b and carotenoids in virus-infected potato plants, it was established that the content of chlorophylls at
different stages of virus infection was different, but the content of chlorophylls and carotenoids was higher in plants bac-
terized with Azogran. Conclusions. The complex bacterial preparation Azogran has a positive effect on the development
of uninfected and infected plants, reducing the harmfulness of viral infections and contributing to the increase in potato
productivity. Azogran can be successfully used in crop production to increase the quality and quantity of crop yields.

Keywords: complex granular bacterial preparation Azogran, potato virus X, potato plants.

One of the most common agricultural crops is
the potato, which is grown in many countries of
the world. However, these plants are strongly at-
fected by viral diseases that cause great damage
to agricultural production. It is known that in the
case of viral damage to potatoes, the loss of its
harvest can be 30—40%, and in some cases up
to 80—94%. In connection with the deterioration
of the ecological situation, which leads to climate
change, there is a significant spread of pathogens
of potato viral diseases [1, 2]. Therefore, various
substances and preparations are used to fight vi-
ral infections. Currently, there are many chemi-
cals that inhibit phytovirus infection. But the use
of such antiviral preparations contributes only to
the reduction of the spread of the infection, and
not to its elimination [1]. Moreover, many ques-
tions remain to explain the mechanism of antivi-
ral action of chemical compounds, which often
have a negative effect not only on viral infection,
butalso on the growth and development of plants.
There are no effective methods of combating viral
diseases. The main means of their control in agri-
culture are the use of preventive measures based
on the introduction of varieties with increased
natural resistance to pathogens, seed quality con-
trol, control of infection vectors, and sanitation of
affected fields with the removal of diseased plants
[2, 3]. The use of biological preparations can be
one of the effective, ecologically safe methods of
reducing the harmfulness of viral infections in
agro-ecosystems. During the pre-sowing treat-
ment of seeds with microbial preparations of
Ukrainian production («Ekovital», «Hetomik»,
«Rhizofobit», «Rizogumin», and «Haupsin»), a
significant decrease in the concentration of the
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virus in plants and a decrease in the negative im-
pact of viral infection are observed [3]. In this re-
gard, there is a need to invent biologically active
means of suppressing viral infection and stimu-
lating the growth and productivity of plants.

Recent studies have shown that in the fight
against viral infections, a promising direction
in the field of potato technology is the use of
nanotechnology, as well as the combined use
of nanoparticles in combination with microbi-
al preparations [4]. Thus, the multi-component
microelement preparation «Avatar-2 protection»
and the combination of the preparation «Azo-
gran» with the composition of Se+1 nanoparti-
cles significantly reduced the frequency of detec-
tion of viral diseases [5].

Considering this fact, a promising approach
is the study of the effect of the complex bacterial
preparation Azogran on the growth and produc-
tivity of potato plants infected by the potato vi-
rus X (PVX). This preparation was proposed by
the team of the authors of the Institute of Micro-
biology and Virology of the National Academy
of Sciences of Ukraine [6]. The preparation Azo-
gran is created on the basis of the interaction of
phosphate-mobilizing bacteria Bacillus subtilis
IMV B-7023 [7], nitrogen-fixing bacteria Azoto-
bacter vinelandii IMV B-7076 [8], with clay min-
eral bentonite [9]. It was previously established
that the strain B. subtilis IMV B-7023, which is
part of the Azogran preparation, is character-
ized by a wide spectrum of antagonistic activity
against phytopathogenic bacteria and micromy-
cetes [10]. A. vinelandii IMV B-7076 also has the
ability to suppress the spread of phytopathogenic
micromycetes [11]. Previous studies have estab-
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lished the effectiveness of the antiviral effect of
one-, two-, and three-day culture fluid of Bacil-
lus subtilis IMV B-7023 on the infectiousness of
tobacco mosaic virus (TMV) in vitro, as well as
the antiviral activity of prophylactic (preventive)
treatment of dope seeds [12], but the effect of the
preparation Azogran on the course of viral infec-
tion in plants has not been studied enough.

The aim of this work was to study the effect of
the complex granular bacterial preparation Azo-
gran on the growth, development, and yield of
potatoes, and some changes in the biochemical
indications of plants after their infection by the
potato virus X.

Materials and methods. In the conducted in-
vestigations, the granular bacterial preparation
Azogran was used. The action of the preparation
was studied on uninfected and infected by PVX
potato plants of the following varieties: Spokusa
(early variety) and Diva (medium variety). Po-
tatoes of the Diva variety (Seedera) were sown
from seeds and used 3 years after sowing. Pota-
toes of the Spokusa variety were bought in the
Zhytomyr region. Small-area experiments were
conducted on loamy soil of the Zhytomyr re-
gion. Predecessors were vegetable crops: pep-
pers, garlic, and onions. After harvesting, mus-
tard was sown in autumn. For each version of
the experiment, 10 potato plants were planted
in triplicate. The experiments were carried out
during three years (2020—2022). The following
variants of each potato variety were used in the
experiments: a) uninfected potato plants with-
out Azogran (control); b) introduction of 1 gran-
ule of Azogran (0.25 g) along with potatoes; c) 2
granules of Azogran (0.5 g); d) plants infected
by PVX without applying Azogran; e) plants in-
fected by PVX + 1 granule of Azogran; f) plants
infected by PVX + 2 granules of Azogran.

Potatoes were planted in the first decade of May.
One and a half months after planting potatoes, in
the stage of budding, the plants were mechanical-
ly infected by the potato virus X. For this purpose,
the potato leaves that were previously dusted with
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abrasive powder ( to improve the penetration of
the virus into plant tissues) were applied with the
help of a brush to the viral material at a concen-
tration of 1 mg/mL. X-virus, kindly provided by
the Department of Plant Viruses, was isolated
from infected Datura stramonium plants [13].
The plants of Datura stramonium are widely used
as a host plant for PXV, i.e,, it is an indicator plant
for PXV. Datura stramonium is immune to potato
Y-, S-, and M-viruses and hypersensitive to TMV,
responds to infection by the X-virus with clear
mosaic symptoms, which appear, as a rule, on the
12—14™ days. With a decrease in temperature,
the symptoms are manifested by necrotic lesions,
and at an elevated temperature, the presence of a
mosaic can be masked [14]. With the help of anti-
serum to PVX, plants were checked for the pres-
ence of the virus in them.

It is known that viral infection leads to a low
level of photosynthetic pigments [15], it was
therefore interesting to investigate changes in
the amount of pigments during plant growth. To
determine the content of pigments chlorophylls
a, b and carotenoids, leaves of different variants
of potato plants were selected on the 39, 7%, 10t
and 14'" days after their inoculation by the virus
X, as well as in control variants. On the same day
after selection, the collected leaves were washed
and dried, and a sample was taken from each
studied sample to determine the content of pig-
ments in the leaves of infected and uninfected
potato plants. The pigments were extracted with
96% ethanol in the presence of magnesium car-
bonate to neutralize the acids of the cell juice
and to prevent the disintegration of the pigments
[16]. The optical density of ethanol extracts after
filtration was determined using an SF-48 spec-
trophotometer by the three-wavelength meth-
od, determining the optical density (E) of the
extract at wavelengths of 665, 649, and 441 nm,
which corresponds to the absorption maximum
of chlorophyll a, chlorophyll b, and carotenoids,
respectively [17]. The concentration of chloro-
phylls a and b (Ca and Cb) was calculated ac-
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cording to the equations:

Ca =13.70 xE,,, — 5.76 xE, , (mg/L);
Cb = 25.80 xE, ,, — 7.60 XE,,. (mg/L).

The concentration of carotenoids (Cc) in the
total extract of pigments was calculated accord-
ing to the equation:

Cc=47xE,; —0.27x Cx (a+b) (mg/L),

where E ., E o, and E,, are the optical density
of the extract at a wavelength of 665, 649, and
441 nm, respectively; C is the concentration of
pigments in the extract, mg/L;

Having determined the concentration of the
pigment in the extract, its content in the examined
fabric was calculated according to the formula:

F = (VxC) /P,

where F is the pigment content in the plant ma-
terial (mg/g of raw substance);

V is the hood volume (L); C is the pigment
concentration; P is the weight of plant material
(g). The obtained results were processed statis-
tically [18].

Results. It is known from the literature that
viruses influence the physiological and biochem-
ical processes in infected plants. Plants affected
by viruses are characterized by severe metabolic

changes and typical symptoms such as chlorosis
and leaf blade necrosis. In particular, with chloro-
sis, the color of chloroplasts changes from green to
yellow or white in the form of a mosaic, and with
necrotizing, cell death generally occurs, which
leads to blackening of the leaf surface. Thus, virus
damage can make plant leaves shriveled or curled,
with pronounced chlorosis or necrosis. This re-
duces the ability of plants to photosynthesize, ul-
timately leading to a low level of photosynthetic
pigments (chlorophylls and carotenoids) [15, 19].
The research results on the determination of the
content of chlorophylls a, b and carotenoids in un-
infected potato plants showed that after Azogran
was added to uninfected potato plants, the quan-
titative content of chlorophylls and carotenoids
was significantly higher than in uninfected potato
plants without Azogran (Table 1). Thus, when two
granules of Azogran were placed in a hole when
planting potatoes of the Diva variety, the content
of chlorophyll a was 1.82 mg/g, chlorophyll b —
1.25 mg/g, and carotenoids — 1.24 mg/g, compared
to plants without Azogran, in which the values of
these indicators were 1.12 mg/g and 0.51 mg/g for
chlorophylls a, b and 0.67 mg/g for carotenoids.
When Azogran granules were added to pota-
to plants of the Spokusa variety, the results were
even better: the content of chlorophyll a was
1.81 mg/g, b — 2.39 mg/g, and carotenoids —

Table 1. Determination of chlorophylls a and b and carotenoids in non-infected potato plants using Azogran

Quantitative content of pigments, mg/g
Research options
Chlorophyll a Chlorophyll b Carotenoids
Potatoes of the Diva variety
Potato plants without Azogran 1.12+0.14 0.51 £0.09 0.67 £ 0.07
Potato plants +1 Azogran granule 1.71 £ 0.04 1.2 +£0.06 0.84 £ 0.05
Potato plants +2 granules of Azogran 1.82 +0.06 1.25 +0.06 1.24 £ 0.07
Potatoes of the Spokusa variety
Potato plants without Azogran 1.25+0.10 0.7 £0.06 0.45 £ 0.06
Potato plants +1 Azogran granule 1.45+0.13 1.55+0.07 0.73+0.10
Potato plants +2 granules of Azograna 1.81 +£0.09 2.39+£0.10 0.95+0.11
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0.95 mg/g, compared to uninfected potato plants
without Azogran, in which the content of chloro-
phyll a was 1.25 mg/g, chlorophyll b — 0.7 mg/g,
and carotenoids — 0.95 mg/g (Table 2).

In relation to infected potato plants with the
addition of Azogran, the content of chlorophylls
a, b and carotenoids has been higher compared
to infected and uninfected plants without the ad-
dition of Azogran. For example, on the 7 day
after infection in infected plants + 2, granules
of Azogran, the content of chlorophylls a, b was
1.62 mg/g and 0.69 mg/g, while without Azogran
these indicators reached values of 0.92 mg/g and
0.45 mg/g. A similar pattern was observed for
the content of carotenoids — 1.01 mg/mL in in-

fected plants with Azogran and 0.55 mg/mL in
infected plants without the addition of Azogran.

The studies of the content of chlorophylls a,
b and carotenoids in infected potato plants of
the Spokusa variety at different stages of the in-
fection showed that the highest value of chlo-
rophylls a, b was observed on the 3" day after
infection (a — 1.5 mg/g, b — 1. 09 mg/g); on the
7 day (a — 1.58 mg/g, b — 1.78 mg/g) in com-
parison with control plants on the 3™ day (a —
1.25 mg/g, b — 0.7 mg/g ); on the 7 day (a —
1.25 mg/g, b — 1.4 mg/g) (Table 3).

The content of carotenoids in virus-infect-
ed plants on the 3" (1.21 mg/g) and the 7t day
(1.33 mg/g) was also higher compared to the

Table 2. Determination of chlorophylls a, b and carotenoids in potato plants
of the Diva variety infected by PVX at different stages of the infection development

Quantitative content of pigments, mg/g
Research options
Chlorophyll a Chlorophyll b Carotenoids
The 3 day after infection by PVX
Uninfected plants (control) 1.12+0.14 0.51 +0.09 0.67 +0.07
Infected potato plants 1.12+0.12 0.58 + 0.06 0.78 +0.07
Infected plants + 1 granule of Azogran 1.26 £ 0.05 0.66 +0.10 0.8 +0.06
Infected plants + 2 granules of Azogran 1.39 £ 0.03 0.75+0.08 0.88 +0.05
The 7' day after infection by PVX
Uninfected plants (control) 1.25+0.10 0.61 +0.08 0.75 £ 0.06
Infected potato plants 0.92+0.08 0.45+0.10 0.55 +0.07
Infected plants + 1 granule of Azogran 1.25 £ 0.06 0.72+0.08 0.87 +0.05
Infected plants + 2 granules of Azogran 1.62 £ 0.07 0.69 + 0.07 1.01 £0.12
The 10™ day after infection by PVX
Uninfected plants (control) 0.06 + 0.01 0.93 +0.08 0.81 +0.07
Infected potato plants 0.08 +0.01 0.08 +0.10 0.74 + 0.06
Infected plants + 1 granule of Azogran 0.21 £0.60 0.61 £ 0.07 0.45 £ 0.09
Infected plants + 2 granules of Azogran 0.32 £0.07 0.84 £ 0.06 0.84+£0.1
The 14™ day after infection by PVX
Uninfected plants (control) 0.14 +0.09 0.72 +0.07 0.49 +0.06
Infected potato plants 0.25+0.07 0.46 +0.10 0.57 +0.06
Infected plants + 1 granule of Azogran 0.27 + 0.06 0.79+0.11 0.68 +0.05
Infected plants + 2 granules of Azogran 0.31 £0.08 0.91 £0.07 0.82£0.12
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control plants on the 3™ (0.45 mg/g) and the 7t
(0.79 mg/g) day. It should be noted that when in-
fected by the virus and added with Azogran, the
pigment content was higher in all cases than in
uninfected and infected plants without Azogran.

In infected potato plants of the Spokusa va-
riety, an increase in the content of chlorophylls
and carotenoids was observed from the 3 day
of infection in comparison with control plants
and plants treated with Azogran (Table 3). The
content of carotenoids in virus-infected plants
on the 3 day (1.21 mg/g) and on the 7" day
(1.33 mg/g) was also higher compared to the
control plants (on the 3'¢ day — 0.45 mg/g and
on the 7" day — 0.79 mg/g).

It should be noted that an increase in the
content of chlorophylls and carotenoids of in-
fected plants was observed from the 3™ day of
infection in potato plants of the Spokusa vari-
ety compared to uninfected plants and plants
to which Azogran was added. An increase in
the pigment content in infected plants was ob-
served up to the 10" day. On the 10% day, the
pigment content in those infected with the virus
decreased, and on the 14" day after infection, it
increased slightly. Although it can be seen that
the presence of Azogran in infected plants sig-
nificantly improves their condition compared
to infected plants and potato plants without the
use of Azogran.

Table 3. Determination of chlorophylls a, b and carotenoids
in PVX-infected potato plants of the Spokusa variety at different stages of infection development

Quantitative content of pigments, mg/g
Research options
Chlorophyll a Chlorophyll b Carotenoids
The 3™ day after infection by PVX
Uninfected plants (control) 1.25+0.10 0.7 £ 0.06 0.45 + 0.06
Infected potato plants 1.50 £ 0.11 1.09 £ 0.06 1.21 +£0.07
Infected plants + 1 granule of Azogran 1.40 £ 0.07 1.32 £ 0.07 1.04 +0.12
Infected plants + 2 granules of Azogran 1.30 £ 0.10 0.92+0.09 0.99 +0.07
The 7t day after infection by PVX
Uninfected plants (control) 1.25 + 0.06 1.40 + 0.08 0.79 + 0.06
Infected potato plants 1.58 £ 0.08 1.78 £ 0.06 1.33 £ 0.07
Infected plants + 1 granule of Azogran 1.06 +0.08 1.16 + 0.08 0.68 + 0.06
Infected plants + 2 granules of Azogran 1.30 £ 0.10 1.43 £ 0.07 0.81 £ 0.09
The 10™ day after infection by PVX
Uninfected plants (control) 0.13 £ 0.07 0.78 £ 0.06 0.69 £ 0.09
Infected potato plants 0.09 £+ 0.10 0.78 £0.11 0.67 £ 0.06
Infected plants + 1 granule of Azogran 0.13 £0.07 0.77 £0.05 0.71 £ 0.08
Infected plants + 2 granules of Azogran 0.36 £ 0.06 0.82 £0.09 0.81 £0.10
The 14™ day after infection by PVX
Uninfected plants (control) 0.13 +0.09 0.78 £ 0.07 0.68 +0.06
Infected potato plants 0.17 £ 0.06 0.87 £0.08 0.70 £ 0.08
Infected plants + 1 granule of Azogran 0.15 £ 0.06 0.69 £ 0.10 0.56 £ 0.09
Infected plants + 2 granules of Azogran 0.25+0.07 0.82+0.12 0.81 +0.11
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The bacterial preparation Azogran also influ-
ences the development of green shoots of po-
tatoes. The research results show that infected
plants of both potato varieties had a less devel-
oped and less branched stem system compared
to uninfected plants.

However, when Azogran was added to potato
plants infected by the virus, the morphological
indicators of the plants were significantly better
than those of plants without the introduction of
the bacterial preparation (Table 4).

The development of a powerful and developed
stem system with the use of the preparation Azo-
gran significantly increased the yield of potatoes
(Table 5). When one granule of Azogran was ap-
plied, the yield of potatoes increased by 13.29%,
and when two granules were applied, it increased
by 27.02% for the Diva variety and from 16.00
to 29.46% for the Spokusa variety, compared to

potato plants where Azogran was not applied.
The effect of Azogran was more pronounced on
Spokusa variety potato plants.

Thus, the obtained results indicate that viral
infection of potato plants causes a decrease in
the amount of the crop. The use of the bacterial
preparation Azogran improves the development
of plants affected by viruses, protecting them
from the effects of viral infection and increasing
the yield of potatoes.

Discussion. It is known from the literature
that viruses affect the majority of physiological
and biochemical processes in infected plants, in-
cluding the activity of chloroplasts [15, 19, 20].
In particular, chloroplasts and photosynthesis
are widely recognized as common targets for
many plant viruses. As a result, viral infection
leads to low levels of photosynthetic pigments
(chlorophylls and carotenoids) [15]. The viral in-

Table 4. The effect of Azogran on the stem length of potato plants of the Diva and Spokusa varieties

Average stem length of | Percent Average stem length Percent
Research options potato plants (cm) to control% | of potato plants (cm) | to control%
Potato variety Diva Potato variety Spocusa
Uninfected plants (control) 64.55 + 2.89 100 69.02 + 1.01 100
Infected potato plants 57.40 £ 6.08 86.25 67.46 £ 2.32 97.74
Infected plants + 1 granule of Azogran 62.45+3.61 93.84 76.77 £ 1.55 110.11
Infected plants + 2 granules of Azogran 65.76 £ 2.35 101.87 77.94 £ 1.07 112.07
Table 5. The effect of Azogran on the yield of potato plants of the Diva and Spokusa varieties*
Total amount Total amount
Percentage Percentage

Research options

of potato harvest
(kg/10 bushes)

to control,%

of potato harvest
(kg/10 bushes)

to control,%

Potato variety Diva

Potato variety Spokusa

Control plants 9.18 £1.12 100.00 9.3£0.58 100.00
Control plants +1 Azogran granule 10.4 £ 1.27 113.29 10.82 +0.33 116.00
Control plants +2 Azogran granule 11.66 + 1.39 127.02 12.04 + 0.57 129.46
Plants infected by PVX 7.66 +1.03 83 7.08 +£0.47 76.12
Plants infected by PVX + 1 granule of Azogran 8.22£1.01 89.54 7.92£0.48 85.16
Plants infected by PVX + 2 granules of Azogran 8.72 £ 0.06 95.09 9.18 +0.50 98.71

*The data presented in the Table were obtained during 3 years.
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fection changes the state of chloroplasts, turning
their color from green to yellow or white in the
form of a mosaic [19, 20]. During the period of
maximum replication of turnips’ yellow mosaic
virus, changes are observed in the leaves, which
apparently reflect the specific effect of its replica-
tion on chloroplasts [19].

The process of photosynthesis is one of the
most important links of plant metabolism. It is
very sensitive to growing conditions. It was estab-
lished that the most intensive synthesis of green
pigments, namely chlorophyll b, occurs in the
phase of leaf closure in interrows: when leaves in
rows are closed, chlorophyll a is synthesized more
intensively. The least intensive synthesis of chlo-
rophyll a is at the initial stages of plant growth
and development, due to the small area of the leaf
surface and the low level of PHAR assimilation
[21]. Thus, in the first half of the vegetation of
beet plants, when 4 pairs of leaves have formed,
the synthesis of chlorophyll b prevails, and in the
second phase of technical maturity, the synthesis
of chlorophyll a prevails [21].

As shown in Table 2, the indicators of the
number of chlorophylls and carotenoids in po-
tato plants of the Diva variety on the 3' day af-
ter infection are almost the same compared to
uninfected plants, and only on the 7" day after
infection, the number of chlorophylls a, b and
carotenoids significantly decreased and amount-
ed to 0.92 mg/g and 0.45 mg/g for chlorophylls
a, b and to 0.55 mg/g for carotenoids compared
to uninfected plants. In uninfected plants, the
content of chlorophyll a was 1.25 mg/g, b — 0.61
mg/g, and carotenoids — 0.75 mg/g. On the
10t day, the amount of chlorophyll a in infected
plants begins to increase, and on the 14" day, it
almost doubles. Carotenoids also increase com-
pared to the control.

As for the Spokusa variety of potato plants,
there is observed an increase in chlorophylls a,
b and carotenoids already on the 3" day after
infection, reaching a maximum on the 7% day:
chlorophyll a — 1.58 mg/g, b — 1.78 mg/g, and
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carotenoids — 1.33 mg/g compared to the con-
trol, where the content of chlorophyll a reached
0.1 mg/g, chlorophyll b — 0.78 mg/g, and carot-
enoids — 0.69 mg/g. A decrease in the content of
chlorophylls a, b and carotenoids was observed
on the 10 day, and on the 14™ day, these indica-
tors increased compared to the control (Table 3).

According to the literature data, the main func-
tion of chloroplasts is the process of photosyn-
thesis to obtain energy for the plant (in the form
of ATP). In addition to this function, chloroplasts
perform many others, including the synthesis of
amino acids, nucleotides, and many others. It
is known that the reproduction of potato virus
X ends, mainly, by the 14% day [14]. Perhaps,
during this period, the most energy is used for
the maturation and release of mature viral parti-
cles. Because of this, an increase in the content of
chlorophylls and carotenoids in infected potatoes
of the Diva variety is observed to be 0.08 mg/g
forchlorophyll a on the 10% day, 0.25 mg/g for
chlorophyll a, and 0.57 mg/g for carotenoids on
the 14 day compared to the control: 0.06 mg/g,
0.14 mg/g, and 0.49 mg/g, respectively (Table 1).

Regarding the infected potato plantswith
added Azogran, the indicators of the content of
chlorophylls and carotenoids were higher com-
pared to the control and infected plants without
the use of Azogran. As can be seen from the ob-
tained data, the amount of chlorophyll 4, b and
carotenoids changes under the influence of viral
infection, moreover, the changes are observed
depending on the stage of virus reproduction
in the cell. Obviously, in different varieties of
potatoes, the interaction between the virus and
the plant-host is expressed differently. Plant pa-
rameters of Spokusa potato plants, such as shoot
length and yield, were significantly higher com-
pared to Diva potato plants. The same results
were observed in uninfected potato plants, both
with and without the application of Azogran. In
our opinion, this already depends on the vari-
ety: potato bushes of the Diva variety are more
compact and low, whereas potato bushes of the
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Spokusa variety are more branched and tall.
Therefore, the results were compared only with
the control of one variety, since different vari-
eties of plants have their own differences when
interacting with the virus. It is possible that the
protective reactions of the host plant and the
virulence of the virus play a significant role in
the development of a viral infection.

Thus, improving the conditions for the growth
and development of plants when they are in-
fected by viruses, makes it possible for plants to
resist viral infection and promotes more active
adaptation to the action of adverse external fac-
tors. The results of these studies indicate a signif-
icant effect of the complex bacterial preparation
Azogran on the growth, development, and pro-
ductivity of both healthy potato plants and their
viral infection.

The results of our research are consistent with
the data obtained by other authors, who proved
the effectiveness of the use of the microbial
preparation Azogran for combating bacterial,
fungal, and viral diseases of potatoes, increas-
ing the marketability of tubers and yield. The
authors believe that the composition of Se+1
nanoparticles and the preparation Azogran
positively affected the microbiota of the potato
rhizosphere and the physiological state of the
plants [4, 5]. When Azogran is introduced into
the root system of vegetable and technical crops,
the nitrogen and phosphorus nutrition of plants
improves, their growth and development are sig-
nificantly stimulated, and productivity increases
by 18—37% [22].

The obtained results indicate that the use of
the complex biological preparation Azogran im-
proves the growth and development of plants that
are affected by viruses. For example, in uninfect-
ed potato plants of the Diva variety, the content
of chlorophyll a was 1.12 mg/g, chlorophyll b —
0.51 mg/g, and carotenoids — 0.67 mg/g. After
adding two Azogran granules to this agroceno-
sis, the content of chlorophyll a was 1.82 mg/g,
chlorophyll b — 1.25 mg/g, and carotenoids —
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1.24 mg/g. When potato plants were infected by
the virus X and Azogran was added, the contents
of chlorophylls a, b and carotenoids were signifi-
cantly higher at different stages of the infection.
This fact was also noted during the study of the
content of these pigments in potato plants of the
Spokusa variety. In the control potato plants, the
content of chlorophyll a was 1.25 mg/g, chloro-
phyll b6 — 0.7 mg/g, carotenoids — 0.45 mg/g,
while the content of chlorophyll a increased up
to 1.81 mg/g when two granules of Azogran were
added to the control plants, chlorophyll b — 2.39
mg/g, carotenoids — 0.95 mg/g. When potato
plants were infected by the virus, the content of
pigments was significantly higher when using
the preparation Azogran, as evidenced by the
data obtained.

Conclusions. The application of the complex
biological preparation Azogran improves the
growth and development of potato plants under
normal growth conditions, as well as under viral
infection.

The use of the bacterial preparation Azogran
increased by 27.02% the yield of potatoes in the
Diva variety, and by 29.46% in the Spokusa po-
tato variety. With the introduction of the prepa-
ration Azogran (0.5 g) in virus-infected plants
of the Diva variety, the yield increased by 16.3%,
and in the Spokusa variety — by 22.59%, com-
pared to infected plants without Azogran.

The obtained results show that the use of the
complex bacterial preparation Azogran has a
positive effect on the development of plants,
increasing the yield of both uninfected and
PVX-infected potato plants. The increase in the
area of the above-ground mass affects the as-
similation of nutrients, contributes to the inten-
sification of the processes of photosynthesis in
plants, and increases their yield.
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InctutyT Mikpo6ionorii i Bipyconorii im.[I.K. 3a6onorHoro HAH Vkpain,
By AkazieMika 3abonoTHoro, 154, Kuis, 03143, Ykpaina

BIUIVIB KOMIIVIEKCHOTI'O BAKTEPIAJIBHOTO ITPEITAPATY A3OTPAH HA JEAKI ®I3IOIOTO-
BIOXIMIYHI BTACTMUBOCTI I TPOAYKTUBHICTb KAPTOIUII, IHOPIKOBAHOT X-BIPYCOM KAPTOIUII

[Tpo6nema mifBUIEHHA BPOXXAITHOCTI KY/IbTYPHUX POCIMH IIPUBEPTAE yBary CIELiaNicTiB i CHOHYKae BYEHNX O
BMBYEHHSA BIPYCHMX XBOPOO POC/IVH SIK OfiHi€] 3 IpMYMH 3HAYHUX BTPAT ypokalo. Bipyc — Iie enjoreHHui1 napasur,
AKUIT ITOTPANMBIIN IO KITITVH POCINHY, BUKOPUCTOBYE (PYHKIII KTITHHHUX OPTraHOiNiB i 6iocucTeM i cBOro Bifi-
TBOPEHHS, 110 IPU3BOANTD /IO 3aXBOPIOBAHOCTI POC/INH i 3HVDKEHHS IX IPOAYKTUBHOCTI. OfHMM i3 epCIIeKTMBHIX
HiAXOMIB [yIs 3HVDKEHHsI BIPYCHOTO Ypa)KeHHs POC/IMH € 3aCTOCYBAaHHA MIKpOOHNX IIpenapaTiB aHTUBIPYCHOI fii.
KommnnexcHuit 6aktepianbHuit mpemapar Asorpas, pospobiennit B [HctutyTi Mikpobionorii i Bipyconoriii HAH
Ykpainu, 6a3yeTbcs Ha B3aeMofii pocdaTmobinisyBanbaux 6akrepiit Bacillus subtilis IMV B-7023, azordikcyBab-
HUX 6OakTepiit Azotobacter vinelandii IMV B-7076 i rnuuucroro Minepana — 6enronita. ®ocdarmobinisysanpui
6akrepii i a3oTdikcyBanbHi 6akTepii 3HAYHO MOKPALIYIOTh PICT i POSBUTOK POCIVH, CYTTEBO MiIBUIIYIOTb YPOXKail
CIIbCBKOTOCIOAAPChKMX KyabTyp. OfHAaK BIUIMB A3orpaHa Ha pO3BUTOK i ypOXKalHICTh pOCIMH KaproIut, iHgi-
KOBaHMX X-BipPycOM, HE[IOCTATHBO BMBUYEHO. 3BAXKAIOUN Ha Ie, METOI0 poOOTI 6y/I0 ZOC/IIAUTH BIUINB KOMITIEK-
CHOro 6aKTepia/IbHOTO IIpemapary A3orpaH Ha picT, feski ¢isiooro-6ioximMivHi BIaCTUBOCTI Ta HIPOAYKTUBHICTD
pocnuH Kaprorut, HeiH¢pikoBaHNUX Ta iH(ikoBaHMX X-BipycoM KapTorti. MeTogu. Mikpob6ionoriuti (oTpuMaHHs
6akTepianbHOrO Ipenapary A3orpaH, BUKOPUCTAHOTO B TpaHy/aboBaHiit ¢opmi (0,25 1)), BipycosmoriuHi (BuaineHHs
X-Bipycy kapromni, iHoOKy/ALid pocninH X-BipycoM KapTOILli, CeposIoriyHe TeCTYBaHH:A Ha IPUCYTHICTb UM BificyT-
HicTb Bipyca), 6ioximiyHi (Bu3HauYeHHA XI0pO(iniB a, b i KApOTUHOIAIB), CIEKTPOGOTOMETPIUYHI, I CTATUCTUYHUI
aHasi3. PesynpraTu. Y npoBefieHIX eKCIIepUMeHTax OyB BUKOPMCTaHMII IperapaT A30orpaH y IpaHy/IbOBaHOMY BU-
IJIAA1 B KiIbKOCTI OfHi€l Ta ABOX rpaHyil. [lokazaHa eeKTUBHICT 3aCTOCYBaHHA IIpeNapaTy, AKUil CTUMYJIIOE iH-
TEHCVBHUII PiCT POC/IVH ABOX COPTiB KapTomli (paHHbOro copry CHoKyca Ta cepegHboro copry Jlisa), o npusso-
AUTD [0 HMiABUIEHHS IX ypoxaitHocTi. [TosuTUBHY Ail0 A30rpaHy CIIOCTepiranu Ha pO3BUTKY SIK iH(PIKOBAHNX, TaK
i HeiH(iKOBaHMX pOCINH. BcTaHOB/IEHO, 1110 pY BHECEHHI JBOX IPAHY/I IIPeMapary ypoXaiiHiCTb KapTOIUI COpTy
HiBa spocrana Ha 27,02 %, a ypoxaliHicTb KapToIuti copTy Crokyca 3a THX ke yMOB — Ha 29,46 %. AHasIOTiuHy fil0
IperapaTy CIocTepirany i Ha pocanHax, iHdikoBaHux X-BipycoM KapTOII, TIMbKM B MeHIIit Mipi: y copry [liBa
ypoxaitHicTb 6yna Ha 16,3% BUILOI0 B TOPIBHAHHI 3 KOHTPO/IeM (KOHTpO/Ib — HeiHdikoBaHi BipycoM pocanHn), a
B copTy Cnokyca — Bumia Ha 22,59 %. [Ipu gocnimxenHi BMicTy xmopodinis a i b Ta kapoTuHOIAiB B iHpiKOBaHUX
BIpycOM pOC/IMHAX KapTOIUI 6y/I0 BCTAaHOBJICHO, 10 BMICT X/10po(i/iB Ha pisHMX cTanifax BipycHoI iHpexuil 6ys
pi3HUM, ajie BMICT X/IOpOdi/iB Ta KAPOTUHOIAIB OYB BUILIMM B POCINHAX, OAKTEPM30BAHUX IIPEIAPATOM A3OTpPaH.
BucHoBku. KomiitekcHuit 6akrepianpHmii pernapar A3orpaH IMOSUTHBHO BIUIMBA€E Ha PO3BUTOK HeiHpikoBaHMX
Ta iH(DIKOBAHUX POC/IUH, 3HIDKYIOUM MIKOZOYMHHICTD BIpyCHUX iH(EKIIiif Ta CIIPUAI0YM Mi{BUILIEHHIO TIPOLYKTIB-
HocTi kapromi. [Ipenapat Asorpan Moske 3 yCITiXOM 3aCTOCOBYBATHCS B pOCMHHUIITBI /1714 MiABUILEHHA AKOCTi Ta
KiZIbKOCTi BPOYKalo CiIbCbKOTOCIOAPChKUX KYIBTYP.

Kntouosi cnosa: xomnnexcuuii epamnynvosanuti 6axmepianvuuti npenapam Asoepau, X-eipyc kapmonsi, pocnunu
Kapmoniii.
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