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The Colorado potato beetle (Leptinotarsa decemlineana Say) is a particularly dangerous potato
phytophage. The aim of this work was to study the effect of complex granulated bacterial preparation
Azogran and its components on the spread of the Colorado potato beetle in the potato phytocenosis.
Methods. The study was carried out during potato of the Slavyanka variety growing under the conditions
of small-plot and laboratory experiments. The complex granulated preparation Azogran was made on the
basis of interaction of nitrogen-fixing bacteria Azotobacter vinelandii IMV B-7076, phosphate-mobilizing
bacteria Bacillus subtilis IMV B-7023 and clay mineral bentonite. 1 g of the preparation contains more
than 10° viable bacteria of each strain. The mass of 1 granule was 0.25 g. The effect of Azogran, its
components and 4-hydroxyphenylacetic acid (4-HPAA), a metabolite of B. subtilis IMV B-7023, on
the survival of Colorado potato beetle larvae was estimated in laboratory conditions. Results. It was
shown that the use of the complex bacterial preparation Azogran, B. subtilis IMV B-7023 strain and its
metabolite 4-HPAA in the potato phytocenosis significantly reduces the spread of the Colorado potato
beetle imago, as well as the number of egg-laying on the leaf surface of plants. Treatment of eggs clutches
of the phytophage with this preparation and its specified components significantly reduces the number
of larvae on the leaves. Treatment of 1-4 stages larvae with solutions of 4-HPAA at a concentration
of 0.5-50.0 ug/ml, as well as a suspension of B. subtilis IMV B-7023 bacteria or their culture medium
(without cells), leads to significant death of the larvae. Conclusions. The use of the complex bacterial
preparation Azogran, as well as its component bacteria B. subtilis IMV B-7023 in the phytocenosis of
potatoes stimulates plant growth, significantly reduces the spread of the Colorado potato beetle and the
number of eggs clutches on the leaf surface. Treatment of Colorado potato beetle larvae of 1-4 stages of
development with a suspension of B. subtilis IMV B-7023 bacteria, as well as their metabolite 4-HPAA
leads to the death of more than 65 % of larvae. The results obtained indicate that the use of the complex
bacterial preparation Azogran is promising for potatoes growing.

Keywords: Complex bacterial preparation Azogran, potatoes, spread of the Colorado potato beetle
and its larvae.

Potato (Solanum tuberosum L.) is one of the
most important agricultural crops in our country.

leaf cover of plants, lead to a significant or complete
loss of yield in conjunction with a decrease in

The intensive growth and productivity of these
plants is harmed by the spread of phytopathogenic
microorganisms and phytophages in their
agrocenosis. Currently, there are over 30 of the
most common diseases and types of insect pests
of potato, among which the Colorado potato beetle
(L. decemlineana Say) is especially dangerous
[1-2]. The main harm to this vegetable crop is
caused by larvae of 3—4 instars [2]. This phytophage
is adapted to exist in various conditions and gives
up to 3 generations per season. In the process of
intensive spreading, it can completely destroy the
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starch and protein content in tubers [3, 4].

One of the most effective and widely used
(approximately 90-95 % of the biopesticide
market) means of harmful insects controlling in
agroecosystems are preparations based on the
gram-positive spore-forming bacterium Bacillus
thuringiensis (Bt), which has the ability to form
parasporal crystalline inclusions of a protein nature
during sporulation [3]. Along with this, to limit
the spread of the Colorado potato beetle, it was
proposed to use the microorganisms Photorhabdus
luminescens, Chromobacterium sp. [5], and also
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a biopesticide based on Beauveria bassiana and
B. thuringiensis [6].

Based on the interaction of highly effective
strains of phosphate-mobilizing bacteria Bacillus
subtilis IMV B-7023 [7], nitrogen-fixing bacteria
Azotobacter vinelandii IMV B-7076 [8] with the
clay mineral bentonite [9] a granulated form of the
preparation Azogran was created. It’s using in a
number of agroecosystems significantly stimulates
the growth, development and productivity of plants,
including potato, and protects them from a number
of phytopathogens and phytophages [10—12].

We have previously shown that B. subtilis IMV
B-7023 strain synthesizes a number of phenolic
compounds, among which 4-hydroxyphenyacetic
acid (4-HPAA) was determined in significant
amounts. This phenolcarboxylic acid can inhibit
the development of some phytopathogenic
micromycetes (Fusarium culmorum 50536,
Alternaria alternata 16675 and Fusarium solani
50666) and has antioxidant potential [13]. In
addition to the fact that Ph-OH are antagonists of
various phytopathogens [14], it is known that these
compounds also exhibit insecticidal properties,
reducing the attack on potatoes.

In this regard, the purpose of this article is to
study the effect of the complex bacterial preparation
Azogran, its components and 4-HPAA on the
spread of Colorado potato beetle in the potato
agroecosystem.

Materials and methods. The study of the
influence of the granular complex bacterial pre-
paration Azogran and its individual components
on the spread of the Colorado potato beetle in
the phytocenosis of Slavyanka potato variety was
carried out on the research field of the Zabolotny
Institute of Microbiology and Virology of the NAS
of Ukraine, as well as in laboratory conditions. 1 g
of granular preparation Azogran contains over
108 cells of each type of bacteria. The mass of
1 granule is 0.25 g.

Potatoes were planted to the ground in the
last decade of April. Experiments were done in
4 replicates, 10 plants per variant: 1. Control —
soaking of potato tubers for 1 hour in sterile tap
water. 2. Application of 2 granules of the Azogran
per hole at potatoes planting. 3. Application of
3 granules of the Azogran per hole at potatoes
planting. 4. Potato tubers soaking for 1 hour in a
suspension of 4. vinelandii IMV B-7076 diluted
with sterile water 1:100 (107 cells/ml). 5. Soaking
of potato tubers for 1 hour in a suspension of
B. subtilis IMV B-7023 diluted 1:100 (107 cells/ml).

4

6. Soaking of potato tubers for 1 hour in a mixed
suspension of B. subtilis IMV B-7023 and 4. vi-
nelandii IMV B-7076 (in a 1:1 ratio) diluted with
water 1:10, 1:100 and 1:1000 (108106 cells/ml).

Phytophages were counted according to ge-
nerally accepted methods of field research [15],
starting with the appearance of the first phyto-
phages on plants. Their number was calculated per
plant.

To study the effect of Azogran and its
components on the survival of Colorado potato
beetle larvae, 10 larvae were introduced into Petri
dishes containing sterile moist paper and potato
leaves, treated with a number of the above variants
of the drug or its components. The percentage of
larval death was determined on the 3-10" days
and calculated according to the Abbott equation
[16]:

E=A-B/A-100,

where: E is the number of dead insects, adjusted
for control, %; A — their number in the experimental
version before processing; B — the number of
insects in the experimental variant after treatment.

The influence of suspensions of bacterial
components of the Azogran preparation, their
culture media or 4-HPAA on the development of
Colorado potato beetle larvae was studied using
infected potato leaves. For this purpose, leaves
selected from control plants containing clutches
of eggs or larvae of certain developmental stages
were placed in Petri dishes containing sterile
moist filter paper. One Petri dish contained 4-5
clutches of eggs with the recorded number of eggs
or up to 50 larvae on the leaves. 1 ml of bacterial
suspensions, their culture media or 1 ml of 4-HPAA
at concentrations from 0.5 pg/ml to 50 pg/ml were
applied on each leaf with clutches of eggs or larvae.
In the control, treatment was carried out with an
appropriate volume of sterile tap water. The studies
were carried out in four replicates. The results were
taken into account on the 3%, 5™ and 10™ days,
determining the number of larvae that emerged
from the clutches of eggs and their subsequent
death.

The experiments were carried out according
to the methods of field research [17]. Statistical
processing of research results was carried out
according to Lakin at a confidence level of 95 %
[18].

Results. It was found that both the treatment
of potato tubers with a suspension of bacterial
components of the Azogran before their planting
into the soil, and the introduction of this preparation
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into the holes had a positive effect on the growth
and development of plants. So, after 16 days from
the day of potato planting in the variants with
the use of Azogran or bacterial suspensions, the

Table 1

indicators of plant height and the sprouting bush
were 20-30 % higher than those in the control
variant. In addition, the number of shoots increased
(Table 1).

The influence of Slavyanka potato variety treatment with the Azogran and its components
on the germination and morphometric parameters of the vegetative system of plants

Plant indicators
Variant of Germination, after 16 days of growth after 26 days of growth
o bush bush
treatment %0 plant number of | . plant number of | .
. diameter, . diameter,
height, cm | shoots, pcs. height, cm | shoots, pcs.
cm cm
Control 92.0 7.7+0.7 1.7+0.1 10.840.2 | 37.0£3.0 2.5+0.2 29.0+2.0
Azogran, 2 gr. 100.0 9.8+0.5 2.240.1 16.0+0.1 | 39.843.1 3.0£0.2 36.443.0
Azogran, 3 gr. 97.0 10.4+0.9 2.7+0.2 17.2+0.5 | 48.543.9 3.540.3 38.5£3.0
7
]13_"1?'0810 ) 95.0 9.4+0.7 2.4+0.1 18.0+£0.2 | 35.842.6 3.0+0.2 30.5£2.0
-
f;l“ow's' A0 100.0 112407 | 2.8402 | 18.7£0.2 | 49.444.0 | 4.5£03 | 42.3+3.0
6
f;fOBB'S' A0 100.0 9.4+0.8 | 2.6+0.1 | 17.840.6 | 45.642.9 | 4.0402 | 37.4+3.0

Notes: B.s. — B. subtilis; A.v. — A. vinelandii; gr. — granules.

The preparation Azogran and its components
had a significant effect on the distribution of the
Colorado potato beetle in the potato phytocenosis.
It should be noted that the number of imago in all
variants of the experiment was insignificant and
fluctuated until mid-July from 0.2 to 1.1 per plant

(Fig. 1).
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The greatest number of clutches of eggs of
Colorado potato beetle (0.9 — 1.3 pcs.) and the
number of eggs laid by the phytophage (14.6 —
26.4 pcs.) per plant was found in the control
(Table 2). Other variants contained from 0.2 — 0.9
clutches with 5.6 — 17.1 eggs per plant (Fig. 2).
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Fig. 1. Dependence of imago number of the Colorado potato beetle on potato plants from
the time of cultivation. Notes: k — control; A-2 — Azogran, 2 granules; A-3 — Azogran, 3 granules;
B.s. — Bacillus subtilis; A.v. + B.s. — Azotobacter vinelandii + Bacillus subtilis.
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Table 2

The number of clutches of eggs (ce) of the Colorado potato beetle and the total number
of laid eggs (e) on potato plants

Number of clutches of eggs (ce) and laid eggs (e) per plant depending
Variant of treatment on the growing time, pcs.

26 days 32 days 44 days

Control ce 1.3+0.1 1.1+0.1 0.3+0.0
ontro e 242 £ 0.6 184+04 6.2+0.1
A ) ce 0.8+0.1 0.5+0.0 0.2+0.0
zogratl, = gt e 17.1+0.3 132402 45+0.1
Azoeran. 3 or ce 0.7+0.0 0.8+0.1 0.3+0.0
zogratl, > gt e 164403 17.0 £ 0.4 5.7+0.1
ce 0.8+0.1 0.7+0.0 0.2+0.0

B.s. 1:100 e 152404 153403 53+0.1
ce 0.5+0.0 0.9+0.1 0.2+0.0

Av+ Bs. 1210 e 11.3£0.1 12.8+0.1 45+0.1
ce 0.5+0.0 0.7+0.1 0.4+0.0

+ .
Av+ Bs 1100170 124+0.3 148+0.5 72+0.1

Notes: A.v. + B.s. (1:1) — A. vinelandii + B. subtilis in the ratio 1:10 and 1:100; “ce” — clutches of eggs; “e¢” — number

of eggs; gr. — granules.

Fi g. 2. Clutches of eggs of Colorado potato beetle on potato leaves

Larvae of 1-2 generations appeared on plants
in the second half of June. Their number ranged
from 1.4 to 6.5 specimens per plant (Table 3). The
maximum number of such larvae was observed in
late June — early July in the control — from 10.3
to 19.4 specimens per plant. In the variants with
the using of the preparation Azogran the number of
larvae of 1* and 2™ generations was significantly
lower — there were from 2.5 to 11.0 specimens
per plant, which was two times lower than in the
control. Larvae of the older generations appeared
in late June — early July. Their numbers gradually
increased. The maximum number of the larvae of
older generations was determined in the control —
from 15.4 to 18.4 specimens per plant (Table 3). At
using the preparation Azogran or its components,

the number of larvae of older generations after
plants growing for 32 days was almost 3 times
lower than in the control. However, with a longer
potato growth (44 days), this indicator slightly
increased, which apparently was due to a decrease
in the number of larvae of younger generation.
Considering that the bacteria B. subtilis IMV
B-7023, a component of Azogran, is capable of
limiting the spread of the Colorado potato beetle
in the potato agroecosystem, it was the interest
to study the role of the cultural media of bacteria
and 4-HPAA — metabolite of this strain of bacilli
in this process. It was shown that the treatment of
Colorado potato beetle larvae of 3—4 developmental
stages with solutions of 4-HPAA (0.5-50.0 pg/ml),
as well as with a suspension of B. subtilis IMV
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B-7023 bacteria or their cultural medium (without
cells) resulted in significant death of larvae
(Table 4).

It was shown that 8 out of 154 Colorado potato
beetle larvae in the control died after 3 days of
growing under experimental conditions. 84 of
179 larvae died after treatment with 4-HPAA at a

Table 3

concentration of 0.05 ug/ml. 92 of 170 larvae died
after treatment with this phenolic compound in
concentration increased to 0.5 pg/ml, and when the
concentration of 4-HPAA was 50 pg/ml, 134 of 187
larvae died. Thus, most of them died when using
50 pg/ml of 4-HPAA. In this treatment variant, the
biological efficiency was about 66 %.

The number of Colorado potato beetle larvae on potato plants, depending
on the time of cultivation

The number of larvae of 1% and 2™ generations (m), 3™ and 4™ generations (s) per plant,
Option depending on the time of cultivation, specimens
M/s 26 days 32 days 44 days
Control M 94+0.2 10.3+£04 35+0.2
ontro s 24+0.0 184+ 0.6 168+ 0.5
A ) M 3.6+0.1 6.1+0.2 3.0+£0.2
zogratl, =8t g 0.7 £0.1 65403 124+0.7
A 3 M 47+0.1 54+0.2 1.4+£0.0
zograt, 2 8t 7y 1.3+0.0 53+0.1 10.5+0.2
M 2.6£0.1 6.9+0.1 23+0.1
Bs. 1:100 s 0.6 £0.1 11.0 £ 0.6 134£05
M 3.6+0.1 6.0+0.1 1.2+0.1
+ .
Av r Bs 110 7 0.5 £ 0.0 6.2+0.1 9.0£0.2
M 3.0+0.1 6.4+0.1 25+0.1
+ .
A+ B 1100 7 0.1£0.0 3.8+ 0.0 104+04

Notes: A.v. + B.s. (1:1) — A. vinelandii + B. subtilis in the ratio 1:10 and 1: 100; gr. — granules.

Table 4

The influence of 4-hydroxyphenylacetic acid and bacterial suspensions on the survival of
Colorado potato beetle larvae of 3— 4 developmental stages

. The number of larvae (specimens) 3 days after the moment of their pro-
Variant of Number of . . . . . . 0
. cessing and the biological effectiveness of the preparations action, U, %
treatment larvae, specimens : :
alive death unit, %
Control 154+9 146 £ 11 8+ 1 —
4-HPAA
+ + +
(0.05 pg/ml) 179+ 11 95+8 84+7 41.7
4-HPAA
+ + +
(0.5 pg/ml) 170 £ 10 78+ 7 92+38 49.0
4-HPAA
+ + +
(50 pg/ml) 187+ 14 53+4 134+ 11 66.5
B. subtilis
+ + +
(107 cells/ml) 215+£19 615 154 +£13 66.4
CM B. subtilis
+ + +
(107 cells/ml) 197 £15 90+8 107+£9 49.1
Av.+B.s.
’ + + +
(107 cells/ml) 195+ 16 97+8 98+ 8 45.1
CM A4.v.+B.s.
’ + + +
(107 cells/ml) 156 £ 13 135+ 11 21+1 8.3
A. vinelandii 190 + 17 178 + 14 1241 1.2
(107 cells/ml) )

Note: CM is a cultural medium obtained from a bacterial suspension (107 cells/ml).
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Similar results were obtained after treatment of
Colorado potato beetle larvae with a suspension
of B. subtilis IMV B-7023 (107 cells/ml). The use
of the cultural medium of this strain for treatment
of larvae also significantly reduced the number of
alive specimens. In this case, 107 specimens died
out of 197 larvae. The biological efficiency in this
treatment variant was about 49 %.

After larvae treatment with a mixed suspension
of B. subtilis IMV B-7023 and A. vinelandii IMV
B-7076 (107 cells/ml), 98 out of 195 specimens
died, and after their treatment with a mixed cultu-
ral media of these bacteria obtained from the
above suspension, only 21 larvae of 154 specimens
died.

It should be noted that the treatment of
Colorado potato beetle larvae with a suspension of
A. vinelandii IMV B-7076 (107 cells/ml) had little
effect on their viability.

Thus, the studies carried out indicate the
effectiveness of using the preparation Azogran, as
well as a suspension of B. subtilis IMV B-7023 in
the agroecosystem of Slavyanka potato variety.

Discussion. It is known that nearly 10.000
species of insects, 50.000 species of fungi, 1.800
species of weeds and 15.000 species of nematodes
cause significant harm to the growth, development
and productivity of various plant species used by
the population of our planet. Until recently the
main strategy to avoid such losses was to eliminate
pests with chemical pesticides such as chlorinated
hydrocarbons, organophosphates and carbamates
[19]. In recent years, a number of pesticides based
on compounds of the neonicotinoid class have been
proposed. These are preparations triamethoxam,
imidacloprid and its derivatives Prestige, Confidor
Extra and others [20, 21].

The use of chemical pesticides in agricultural
production makes it possible to improve the growth
of plants and increase their productivity. However,
this approach is accompanied by environmental
pollution and can harm biota and human health.
Therefore, in recent decades, more and more
attention has been paid to the biologization of crop
production, the main method of which is the use
of microbiological preparations that increase soil
fertility, stimulate the growth and productivity of
plants and protect them from phytopathogens and
phytophages [22].

The most widely used method of protecting
plants from the Colorado potato beetle was the use of
preparations based on the bacteria B. thuringiensis

in agroecosystems [23]. However, it is known that
at least 27 phytophage species have developed
resistance to preparations based on these bacteria
[23]. These results indicate the need to search for
new bioinsecticides and create complex microbial
preparations that would not only inhibit the spread
of phytophages in agroecosystems, but also protect
plants from phytopathogenic microorganisms,
stimulate the growth and development of plants,
and increase their productivity.

Such requirements are met by complex microbial
preparations, one of which is Azogran. We have
previously shown that this preparation significantly
stimulates the growth of many ornamental, flower
and other plants, and also increases the yield
of industrial, grain and vegetable crops by 18—
37 % [24]. To a certain extent this due to the ability
of the bacterial components of the Azogran pre-
paration to fix atmospheric nitrogen, mobilize
phosphate from its organic and hardly soluble
inorganic compounds, antioxidant properties of
strains [25] and their antagonism to phytopatho-
genic microorganisms [11], as well as phytopha-
ges [12].

Our results indicate that, along with the above
properties of Azogran, one of the important factors
that increase the yield of potatoes [10] is the ability
of this preparation to inhibit the spread of the
Colorado potato beetle in the agroecosystem at
different stages of its development.

A significant role in this process can be played
by secondary metabolites of bacterial components
of the Azogran, in particular, phenolic compounds.
Using the example of 4-HPAA, a metabolite of
B. subtilis IMV B-7023, it was found that this
substance effectively prevents the development of
3—4 instars of Colorado potato beetle larvae, which
most severely damage potatoes. According to the
literature [26, 27], the insecticidal effect of Ph-OH
is in their ability to form complexes with digestive
enzymes in the intestines of insects. As a result,
there is a decrease in the efficiency of protein
digestion, which causes a slowdown in growth and
negatively affects the survival of phytophages.

Conclusions. Thus, the use of the complex
bacterial preparation Azogran, as well as its
component bacteria B. subtilis IMV B-7023 in
the phytocenosis of potatoes stimulates growth,
significantly reduces the spread of the Colorado
potato beetle and the number of clutches of eggs
on the leaf surface. Treatment of the Colorado
potato beetle larvae of the 3—4 developmental
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stages with a suspension of bacteria B. subtilis IMV
B-7023, as well as their metabolite 4-HPAA leads
to the death of more than 65 % of larvae of this
phytophage. The results obtained indicate that the
use of the complex bacterial preparation Azogran is
promising for potatoes growing.

E®EKTHUBHICTb 3ACTOCYBAHHS
KOMIIJIEKCHOT O BAKTEPIAJIb-
HOTO MPEIMAPATY A3OI'PAH
Y 3AXHCTI KAPTOILJI BIJT
KOJIOPAJICBKOT O KYKA
B 3AJIEXKHOCTI BIJI CTAIIT
MOT0 PO3BUTKY

LK. Kypouw, A.A. Poit, 1. A. Ckopoxo0

Inemumym mikpobionoeaii i eipyconocii
im. /I.K. 3abonomnoco HAH Yxpainu,
8yn. Akademixa 3abonomnoeo, 154,
Kuis, 03143, Vkpaina
Pesome

Konopancekuit xyk (Leptinotarsa decemlineana
Say) ocobnuBo nebe3neunuii pitodar kaprorii. Me-
TOI0 1aHOT POOOTH OYIIO JOCTiIKEHHS BIJIUBY KOMII-
JICKCHOTO TPaHyJIbOBAHOTO OaKTepiaJbHOTO Ipema-
paty AzorpaH i HOro KOMIIOHCHTIB Ha MOIIMPEHHS
KOJIOPAJICBKOTO KyKa B (iToreH031 KapTormii. Me-
Toau. J{oCTiKeHHsI IPOBOAMIIN TIPH BUPOIYBaHHI
kapToruti copty CioB’dHKa B yMOBaXxX ApiOHOAUIAH-
KOBHX 1 1a00OpaTopHUX eKkcrnepuMmeHTiB. Jlo cknany
KOMITJIEKCHOTO TPaHyJIbOBAaHOTO Mpernapary A3orpaH
BXOJSTh a30T(hikcyBanbHI Oaktepii Azotobacter
vinelandii IMB B-7076, dbocdarmMoObinizyBaibHi
Oaxrepii Bacillus subtilis IMB B-7023 1 rmuHucTHi
MiHepaj OeHTOHIT. B 1 T mpenapary MiCTUTbCS OHAT
108 sxutTe3naTHUX OakTepiit koxHoro mramy. OnHa
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rpanyia npenapary — 0,25 r. Bimus npenapaty A3o-
rpaH, HOro KOMIIOHEHTIB i MeTabouniTy B. subtilis IMB
B-7023 4-rigpoxkcideninonroBoi kuciotu (4-I ®YK)
Ha BW)KMBAHHS JIMYMHOK KOJIOPAJCHKOTO JKyKa MPO-
BOJIMJIM B JIaOOpatopHuX ymoBax. Pesyabrarm. I[1o-
Ka3aHo, 1[0 3aCTOCYBaHHS KOMIUIEKCHOTO OaKTepi-
ajgpHOro mpemnapary Asorpas, Oakrepiid B. subtilis
IMB B-7023 i ix metabomity 4-I'©OK B ¢iTorenosi
KapTOIUTi 3HAYHO 3HMKYE MOMINPEHHS B HHOMY iMaro
KOJIOPAJICHKOTO KYKa, & TAKOXK KUIBKICTh SIMIIEKIIaI0K
Ha JIMCTKOBIH moBepxHi pociuH. OOpoOKa siIeKa-
JIOK 11bOoTO (hiTodhara gaHUM MpernapaToM i 3a3Have-
HUMHU HOTO KOMIIOHEHTAMH ICTOTHO 3HUXKYE Kilb-
KiCTh JIMUMHOK Ha nucTKax. O6poOka nuunHOK 14
cTaii po3BuTKy po3zunHamu 4-I'®YK B koHIeHTpa-
ii 0,5 — 50,0 MKr/MI1, a TAKOX CYCIIEH31€10 OaKTepin
B. subtilis IMB B-7023 abo X KyJIbTypallbHUM Ce-
penoBumieM (0e3 KIITHH) MPU3BOAUTH 0 3HAYHOI
3aru6eni TMunHOK. BucHOBKH. 3acTOCYBaHHS KOMII-
JIEKCHOTO OaKkTepialbHOTO Mpemnapary A30rpaH, a Ta-
KOX MOT0o KOMIIOHEeHTa — OakTepiit B. subtilis IMB
B-7023 B ¢iToieH031 KapTOILIi CTUMYJITIOE PICT POC-
JIMH, iCTOTHO 3HIDKYE IOIIUPEHHS B HHOMY KOJIOpaI-
CBKOTO JKyKa 1 KUIBKICTh SMIIEKJIaJJOK Ha JINCTKOBIM
noBepxHi. OO6poOKa TMUUHOK KOJIOPAACHKOIO JKyKa
1-4 cranii po3BUTKY CycreH3ieto 0akrepiit B. subtilis
IMB B-7023, a Takox ix metadonitom 4-I'@OK npu-
3BOAUTH 0 3arudeni moHan 65 % JIMYMHOK LLOI'O
¢ditodara. OTpuMaHi pe3ynbpTaTH CBiIYaTh PO Tep-
CIIEKTUBHICTH 3aCTOCYBaHHS KOMIUIEKCHOTO OaKTepi-
QJIBHOTO Tpernapary A30rpaH Py BUPOIIYBaHHI Kap-
TOTLITI.
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