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Background. Bacterial fertilizers based on active strains of nitrogen-fixing microor-
ganisms and fungicides for pre-sowing seed dressing are increasingly used in soybean
cultivation technologies. Given the usefulness of combining the specified processes,
the selection of chemical and biological preparations for the combined processing of
seed material is relevant.

Materials and Methods. In vegetation experiments, the effect of treatment of soy-
bean seeds with benorad and inoculation with nodule bacteria resistant to fungicides
in pure culture, obtained by the methods of analytical selection and transposon muta-
genesis, on plant growth, the number and weight of root nodules and their nitrogenase
activity was studied. Physiological, microbiological, statistical methods and gas chroma-
tography were used.

Results. Under the complex application of inoculants and benorad, we recorded
a decrease in the weight of the aerial part of soybeans by 8.7-20.9 % and the weight of
roots by 4.8—-16.8 % during the growing season compared to control plants (regardless
of the strain of rhizobia used for bacterization). In the case of seeds dressing, the dyna-
mics of the formation of the number of root nodules by the B. japonicum B78 differed
from other inoculant strains that were used in the research. This indicator decreased by
20.6 and 16.3% at the stage of three true leaves and budding—beginning of flowering and
increased (by 28.0 %) at the stage of pods formation compared to control plants. The
negative effect of seed dressing on the nitrogenase activity of symbiotic systems was
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observed after the application of benorad, at the stage of three true leaves and budding—
beginning of flowering was noted. The degree of inhibitory effect of the chemical prepa-
ration on intensity of N, assimilation depended on the properties of microsymbionts. In
the stage of pods formation, the level of N, fixation by soybean root nodules formed by
the B. japonicum PCO7 and B144 during seed dressing exceeded the corresponding
level in the control plants by 32.2 and 45.7 %, respectively.

Conclusions. The use of microbial preparations for inoculation of soybean seeds,
made on the basis of hodule bacteria strains with high resistance to chemical plant pro-
tection agents, allows for a gradual reduction of the toxic effect of artificially synthesized
compounds on the formation and functioning of symbiotic systems.

Keywords: soybean, fungicides, seed dressing, nodule bacteria, number and
weight of nodules, nitrogenase activity

INTRODUCTION

Soybean is the leading high-protein crop in the world’s crop production, which is
one of the most widespread legumes and oil crops and is important in agriculture, tech-
nical industry, and medicine (Shea, Singer, & Zhang, 2020). Its unique chemical compo-
sition is complemented by an important biological feature, which consists in the effective
fixation of atmospheric nitrogen in symbiosis with nodule bacteria (Ohyama, 2017). As
a result, there is an increased interest in biological preparations based on selected
nitrogen-fixing microorganisms in the world.

Scientists in many countries are actively working on improving the productivity of
symbiosis, reducing the anthropogenic load on ecosystems, and obtaining ecologically
clean products of agro-industrial production using the selection of legumes and rhizobia
(Kots et al., 2011; Igiehon, & Babalola, 2018). However, it should be taken into account
that soybean is becoming infected by many diseases of fungal, bacterial and viral origin
(Whitham et al., 2016; Petrychenko et al., 2016). The greatest danger for this culture are
fusarium (Fusarium spp.), phomopsis (Phomopsis sojae), downy mildew (Peronospora
manshurica), sclerotiniosis (Sclerotinia selerotiorum), cotyledon bacteriosis and viral
diseases. Root rot is becoming more and more widespread in various soil and climatic
zones of our country. Seedling diseases, which lead to thinning of crops, are particularly
harmful. Soybean plants are mostly infected by several phytopathogens at the same
time, which reduces their yield by 15-30 %, protein content by 4-5 %, and oil content
by 3-7 % (Borzykh, 2015).

To limit the development of pathogens of various etiologies, the chemical method
of plant protection is most often used. It is based on the use of preparations toxic to
pathogenic microbiota that include artificially synthesized substances. The pre-sowing
treatment of seeds with fungicides has become particularly popular (Lamichhane et al.,
2020; Sagitov et al., 2020). It is known that seed material can be a reservoir of many
pathogens. A hidden form of seed infection, which does not outwardly appear, has the
greatest influence on the potential productivity of plants. It can appear only under the
influence of a set of conditions during storage or after sowing (Petrychenko et al., 2016,
Gaur et al., 2020).

According to Fostolovich (Fostolovich, 2013), pre-sowing treatment of seeds with
maxim XL and benorad poisons with the sequential use of a microbial preparation of
nodule bacteria provided a reduction in the development of pathogens of septoriosis,
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downy mildew and rust by 5-6 % compared to inoculated plants (without the use of
fungicides). The author noted that the protective effect of pre-sowing treatment does not
remain throughout the growing season.

For effective protection against seed and soil infection, it is important to choose
a drug that would act on the entire complex of pathogens contained in seed and soil
(Lamichhane et al., 2020; Gaur et al., 2020).

As a result of our laboratory experiments, artificial simulation of the effect of differ-
ent rates of fungicides maxim XL, standak top, fever, acanto plus and benorad on nod-
ule bacteria obtained by various selection methods made it possible to determine the
degree of their resistance to the specified preparations and to identify the most resistant
rhizobia for the purpose of their further use in soybean cultivation technologies. It was
found that among the chemical plant protection products involved in the work, it was
benorad (based on benomyl) that was characterized by a high level of toxicity to a wide
range of strains of soybean nodule bacteria (Kukol, Vorobey, & Kots, 2019; Vorobey,
Kukol, & Kots, 2020).

Therefore, the aim of our work was to investigate the effect of pre-sowing treatment
of seeds with benorad on plant growth and the processes of formation and functioning
of soybean symbiotic systems with the participation of fungicide-resistant nodule bacte-
ria Bradyrhizobium japonicum.

MATERIALS AND METHODS

Vegetation experiment was conducted with soybean plants (Glycine max (L.)
Merr.) of the Almaz variety, which has been included in the Register of Plant Varieties of
Ukraine since 2007. It is early-ripening and recommended for cultivation in the Forest-
Steppe zone (State register of plant varieties suitable for dissemination in Ukraine in
2023). In the study, a systemic fungicide benorad with benomyl as the active substance
(500 g/kg, benzimidazole class) was used. The consumption rate of the preparation for
treating soybean seeds is 3 kg/1 ton of seeds (Yashchuk et al., 2022).

Before sowing, fungicide seed treatments were inoculated for 1 h with a cell sus-
pension (108 cells/mL) of fungicide resistance B. japonicum strains PC07, PC09 (analy-
tical selection) and Tn5 mutants B78, B144. It was obtained by the method of trans-
poson mutagenesis of B. japonicum 646 with Escherichia coli S17-1 containing the
plasmid pSUP5011::Tn5 mob.

The scheme of the experiment included the following variants for pre-sowing seed
treatment: 1) B. japonicum PCQ7; 2) B. japonicum PCQO7 + benorad; 3) B. japonicum
PCO09; 4) B. japonicum PC09 + benorad; 5) B. japonicum B78; 6) B. japonicum B78 +
benorad; 7) B. japonicum B144; 8) B. japonicum B144 + benorad.

B. japonicum strains PC07, PC09 and Tn5 mutants B78, B144 used in the research
are stored in the collection of nitrogen-fixing microorganisms of the Institute of Plant
Physiology and Genetics NAS of Ukraine.

Soybeans were grown on a sandy substrate (15 kg washed river sand, 10 plants
in each pot on) with the introduction of Hellriegel nutrient mixture with 0.25 of nitrogen
norm (1 norm was 708 mg Ca (NO,),4H,O per kg of sand). River sand is the sand
extracted from riverbeds, which is characterized by a high degree of purification and the
absence of foreign inclusions. The pots with plants were placed on a specially equipped
site of the Institute of Plant Physiology and Genetics NAS of Ukraine under conditions
of natural light, temperature and artificial controlled irrigation.
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Bacterization and treatment of soybean seeds with a fungicide was carried out at
intervals of 1 hour on the day of sowing. In the control, inoculated soybean seeds were
not treated with the fungicide. Repeatability of the experimental variants was 6 times.

Nitrogenase activity, the number and weight of root nodules were determined at
the three true leaves stage, budding—beginning of flowering stage and pods formation.
Determination of the weight of the above-ground part of plants, roots and nodules was
repeated in ten times. Nitrogenase activity was determined by acetylene method in
terms of acetylene regeneration activity by root nodules of soybean (Hardy et al., 1968).
Repeatability of nitrogenase activity determination was 6-fold.

The obtained data were processed by generally accepted methods of variation
statistics using Microsoft Excel. The significance of the difference between treatments
were evaluated using ANOVA. The results were presented in the form of mean values
and standard error (x + SE). Differences were considered significant at p < 0.05.

RESULTS AND DISCUSSION

The results of the study revealed that the indicators of the above-ground weight
of soybean plants during the growing season in variants with the use of benorad were
lower compared to control plants (without seed dressing), regardless of the strain of rhi-
zobia. In the stage of three true leaves, the toxic effect of the chemical preparation led to
a decrease in the weight of the aerial part of plants inoculated with analytically selected
strains of B. japonicum PC0O7 and PCO09 by 8.7 and 17.9 %. In soybean plants bacte-
rized with transposon mutants of B. japonicum B78 and B144 it was 11.3 and 12.8 %,
respectively. In the stage of budding — the beginning of flowering of soybeans, under
the action of benorad, a decrease in the above-ground weight of plants after inoculation
with the rhizobia by 9.8—20.9 % was noted. In the case of using the inoculant based on
B. japonicum B144 combined with the action of the fungicide, the above-ground weight
of plants at the stage of pods formation was at the level of the control plants, and in the
conditions of a combined treatment with the fungicide and rhizobia of the PCO7 strain,
an increase by 10.4 % was noted.

The results show that during the pre-sowing treatment of chickpeas with benorad,
the viability of the seed material decreased. The authors found a significant retarda-
tion of seedling development and a decrease in seed quality with full control of seed
infection (Bushulyan, & Bushulyan, 2013). The highest level of fungicidal activity when
adding 0.1% of captan, benomyl, carboxin, thiram and mancozeb to the nutrient culture
medium for the growth of pure cultures of such pathogenic micromycetes as Alternaria
alternata, Macrophomina phaseolina, Drechslera specifera, Fuzarium oxysporum and
Rhizoctonia solani was found in benomyl (Nasreen, 2003).

During the growing season of the plants, the inhibitory effect of benorad on the
weight of soybean roots was noted, with a tendency to a significant weakening of its
effect during the stage of pods formation. The weight of the roots decreased with the
use of nitrogen-fixing microorganisms in combination with the fungicide compared to the
control plants by 10.7-16.8 % in the stage of three true leaves, 7.8-15.1 % in the stage
of budding—beginning of flowering and 4.8-6.2 % in the stage of pods formation. Under
the complex application of the strain B. japonicum PC07 and benorad, the activation of
rhizogenesis in soybeans by 5.4 % in the stage of pods formation, compared to bacte-
rization without fungicide was found (Table 1).
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Table 1. Above-ground fresh weight and root fresh weight (g/plant) of soybean plants
grown under the action of benorad and inoculated with pesticide resistant strains
of nodule bacteria Bradyrhizobium japonicum

Stage of ontogenesis:

budding—beginning

3 true leaves pods formation

of flowering

e) e} ©

Treatment S = S = = =
oE 2 o E = o E =
o O g =) “;’ oD g
o 9 09 o 9
> 2 © > 2 ° > 2 ©
3 o 3 e 3 e
@© @© @©

PC07 3.90£0.19 2.56+0.11 4.97+0.24 2.74+0.12 6.37+0.31 4.07+0.17

PCO7 + benorad  3.56*+0.15 2.25*+0.09 3.93*+0.19 2.41*+0.10 7.03+0.34 4.29+0.19
PCO09 3.40+0.16 2.02+0.08 5.05+0.23 3.18%#0.16 8.33+0.40 3.60+0.18
PCO09 + benorad  2.79*+0.14 1.68*+0.07 4.46+0.21 2.70*+0.15 7.66+0.35 3.39+0.14
B78 3.36+0.14 2.14+0.10 5.40+0.25 2.43+0.12 8.23+0.40 4.40+0.20
B78 + benorad 2.98*+0.13 1.91*+0.09 4.65"+0.22 2.24+0.11 7.44+0.36 4.19+0.16
B144 3.45+0.14 1.78+0.07 4.51+0.20 2.09+0.10 5.45+0.24 3.38+0.15

B144 + benorad  3.01*+0.15 1.53*+0.06 4.07+0.18 1.86+0.08 5.36+0.26 3.17+0.13

Note: x + standard error, n = 10; * significant difference compared to the inoculation of seeds with the same
strain without benorad at P < 0.05 within one column

As a result of the research, it was found that the toxic effect of benorad on the
number of nodules formed on the roots depended on the properties of the inoculant
strain (B. japonicum PCO07, PC09, B78 and B144) and the stage of development of
plants Glycine max (L.) Merr. In the inoculated of soybean seeds with RS07 rhizobia
in the stage of budding—beginning of flowering and formation of beans, the number of
root nodules was 22.0 and 16.8 % higher compared to the similar data of control plants.

Under the action of benorad, the virulence of rhizobia of RS09 and B144 strains
was significantly weakened, which led to a decrease in the number of formed root nodu-
les during the growing season of soybeans by 27-42.9 % and 13.3-23.1 %, respec-
tively, compared to the control plants.

In variants with seed dressing with benorad, the dynamics of the formation of the
number of root nodules with the participation of B. japonicum B78 differed from other
inoculant strains used in the research. There was a decrease in the number of nodules
by 20.6 and 16.3 % in the stage of three true leaves and budding—beginning of flowe-
ring, and a significant increase (by 28.0 %) in the stage of pods formation compared to
control plants.

An increase in the weight of active root nodules is one of the determining indicators
of the formation and functioning of an effective legume-rhizobial symbiosis (lgiehon,
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& Babalola, 2018). The weight of nodules was reduced by 13.7 % when using the
preparation based on B. japonicum PC07 and benorad only in the stage of three true
leaves of soybean. In the stage of budding—beginning of flowering and the formation of
beans, these values exceeded the corresponding values of the control plants by 1.6
and 1.4 times. The effect of the combined use of Tn5-mutant B78 and fungicide caused
a decrease in the weight of root nodules in soybean by 34.2 % in the stage of three true
leaves, by 9.3 % in the stage of budding—beginning of flowering, and an increase by
12.8 % in the stage of pods formation (Table 2).

Table 2. The number and weight of root nodules in soybeans of the Almaz variety after
seed treatment with benorad and inoculation with pesticide resistant strains of
nodule bacteria (per 1 plant)

Stage of ontogenesis:

budding—beginning of

3 true leaves pods formation

flowering

Treatment - % - - - %
g3 £3 g3 £3 g3 £3

o Qo Qo
ES g o EB S o Eg 3 o
25 =< 25 =< 2.5 =<
o o o o (©] o

PCO07 12,7415 0.153+0.007 13.2+#1.7 0.227£0.010 22.0+2.0 0.469+0.023

PCO7 + benorad  12.341.2 0.132*+#0.006 16.1+1.9 0.362*+0.016 25.7+2.5 0.637*+0.031
PC09 14.0£1.7 0.204£0.010 13.7£1.5 0.164+0.008 18.3+1.8 0.555+0.026
PCO09 + benorad  8.0*+0.5 0.130*+0.005 10.0*+0.8 0.147*x0.007 12.3"£1.0 0.356*+0.017
B78 18.0+1.5 0.140+£0.007 20.3+2.0 0.214+0.011 19.3+1.6 0.493+0.024
B78 + benorad 14.3*+1.5 0.092*+0.004 17.0£2.0 0.194+0.009 24.7*+2.2 0.556+0.026
B144 16.0+1.6 0.120+0.006 17.3+1.8 0.143+0.007 27.3+2.7 0.392+0.017

B144 + benorad  13.7%1.0 0.101*+0.004 15.0+1.5 0.126*+0.006 21.0"£1.8 0.269*+0.014

Note: x + standard error, n = 10; * significant difference compared to the inoculation of seeds with the same
strain without benorad at P < 0.05 within one column

Pre-sowing seed treatment had a negative effect on the nitrogenase activity of sym-
biotic systems formed with the participation of rhizobia strains when applying benorad,
at the stages of three true leaves and budding—beginning of flowering. At the same time,
the degree of inhibitory effect of the chemical preparation on the intensity of N, assimi-
lation depended on the properties of the microsymbionts. In the case of the complex
application of a fungicide and seed bacteriization with rhizobia of the RS07 strain, the
nitrogenase activity of nodules in experimental plants compared to control plants was
lower by 14.2 and 22.9 % (at the stages of three true leaves and budding—beginning
of flowering, respectively) and significantly increased — by 32.2 % in the stage of pods
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formation. Similar dynamics of nitrogenase activity was observed during inoculation of
seeds of Glycine max (L.) Merr. by rhizobia strain B144 in a complex with benorad. At
the stages of three true leaves and budding—beginning of flowering, the nitrogenase acti-
vity of soybean nodules was lower compared to the data of control plants by 28.9 and
13.5 %, respectively, and increased by 45.7 % in the stage of pods formation (Fig. 1).

16

N
N

-
N
*

10 i

Nitrogenase activity, pmol C,H, - (plant - h)-1
oo
*

A D ") O QAd DD D O A O D > >
Treatment '@ O @ & O@é Q)\"‘ & O D & O@b Q)\V & O S @ 3 o@b Q)\b& @
L RS N ENIEN o & £ o S & N
0 <0 Y Y 0 Y Y Y Y <O 9 Y
QA ) > X A ) > V QA ) > &
Q S A X Q S A N Q S A N
QO QO 7 Q> QO QO Q Q O QO %
Stage of ontogenesis:
3 true leaves budding—beginning of flowering pods formation

Fig. 1. Nitrogenase activity of soybean-rhizobial symbioses (umol C,H,(plant-h)" after seed treatment with
benorad and inoculation with pesticide resistance rhizobia

Note: x * standard error, n = 6; * significant difference compared to the inoculation of seeds with the same
strain without benorad at P < 0.05 within a pair of columns

Some studies reported the isolation and determination of biological properties of
nodule bacteria with high resistance to the active substances of pesticides. Shahid and
Khan (2019) researched B. japonicum strain RV9 in pure culture and symbiosis with
mung bean (Vigna radiata (L.) R. Wilczek) plants under the effect of hexaconazole
(triazole fungicide). The authors concluded that the use of this strain as an inoculant
reduces the toxic effect of the pesticide on the macrosymbiont. After increasing the con-
centration of the fungicide, they noted a negative effect on the growth and development
of plants, ultrastructural anatomical changes in nodules, changes in the level of proline
and antioxidant enzymes.

The use of fungicides in growing technologies of other leguminous crops, in particu-
lar peas, is increasing. Shahid, Khan, & Kumar (2019) are actively working on the isola-
tion and identification of nitrogen-fixing microorganisms, the introduction of which in the
agrobiocenosis could reduce the phytotoxic effect of the active substances of pesticides

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriuHi Ctygii / Studia Biologica e 2023 e« Tom 17 / Ne 1 ¢ C. 69-79



76 P. P. Pukhtaievych, K. P. Kukol, N. A. Vorobey, S. Ya. Kots

on plants. As a result of this work, the Rhizobium leguminosarum RP1 strain was iso-
lated, which provided a reduction in the confirmed in vitro and in vivo toxicity of chitazine
for pea plants. In the conditions of pre-sowing bacteriization with this strain, the weight
of accumulated dry matter, the content of photosynthetic pigments, and the quantity and
quality of grain increased compared to non-inoculated control plants. Under fungicidal
stress (an increased level of chitazine in the soil), R. leguminosarum RP1 formed an
effective symbiosis with pea plants and produced biologically active substances that
stimulated the growth of aerial weight and roots, which led to an increase in grain pro-
ductivity of the pea (Shahid, Khan, & Kumar, 2019).

Another study that investigated the symbiotic systems formed with the participa-
tion of soybean plants and B. japonicum 634b under the seed dressing with benorad
14 days before sowing and on the sowing day revealed a complete suppression of the
symbiotic apparatus formation in plants during the budding and flowering stages. The
nodulation ability of rhizobia was activated only at the stage of pods formation in plants
of the variant with pre-treatment of the seed. The authors attribute this effect to the fact
that the active substance of the preparation — benomyl is quite persistent, as a result
of which it acts on the physiological processes of plants and nodule bacteria for a long
time. They do not exclude the presence of an increased toxic effect of benomyl at cer-
tain stages of the nodulation process. The symbiotic apparatus was not formed at all
after seed treatment with strain 634b and benorad on the day of sowing, so the plants
did not assimilate N, (Pavlyshche, Kiriziy, & Kots, 2017).

CONCLUSION

Thus, when using strains of nitrogen-fixing microorganisms with high sensitivity to
the active substance of the pesticide, there is a possibility of impact on micro- and mac-
rosymbionts at certain stages of their interaction, as well as the risk of extremely high
fungicidal stress. It may be the reason for the complete absence of biological nitrogen
fixation. Application of microbial preparations based on the strains of nodule bacte-
ria with high resistance to chemical plant protection agents for inoculation of soybean
seeds allows for a gradual weakening of the toxic effect of artificially synthesized com-
pounds on the formation and functioning of symbiotic systems.
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BMNIMB BAKTEPU3ALII TA NEPEQNOCIBHOI OBPOBKU HACIHHA
BEHOPAOM HA PICT POCJIVH COI TA PEANI3ALIKO CUMBIOTUYHOIO
NOTEHUIANY PU3OBIN, CTINKUX OO NECTULMAIB

1. . Myxmaeeuy, K. I. Kykon, H. A. Bopob6ed, C. 5. Koub

IHemumym ¢pizionoeii pocnuH i 2eHemuku HAH YkpaiHu
8yr. Bacurnbkiecbka, 31/17, Kuie 03022, YkpaiHa

BeTtyn. Y TexHONorisgx BMPOLLYBaHHS COI 3HA4YHOMO MOLUMPEHHSA Habyno 3acTocy-
BaHHA GakTepianbHUX AoOpuMB, BUFOTOBMEHUX Ha OCHOBI aKTMBHMX LUTaMIB a30TqiKCy-
BaSlbHUX MIKpOOpraHiaMmiB i doyHriumais Ans nepeanociBHOro NpoTPYHOBaHHA HaCiHHS.
Bepyun g0 yBaru OOUiNbHICTb CYMIilLEHHS BKa3aHMX MpOLECiB, akTyanbHUM € A006ip
XiMiYHMX i BionoriyHux npenaparTiB Anst cymicHoi 06pobKM NOCIBHOrO MaTepiany.

Marepianu 1 meTogu. Y BeretauinHnx gocnigax BuB4anu Bnave 00poOKy HaCiHHS
coi 6beHopagoM Ta IHOKYMAUT CTIVKUMW Y YUCTIN KynbTypi 00 dyHriumais 6ynb6o4ko-
BMMW GakTepigMu, OTpUMaHMMM MeTo4amMu aHaniTU4HOI cernekuii i TPaHCMO30HOBOro
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MyTareHesy Ha PIiCT POCIWH, KifTbKICTb i Macy KopeHeBMX ByrbOo4OoK i IXHIO a3oTdikcy-
BarbHY aKkTUBHICTb. 3acTocoBYyBanuM qoi3ionorivHi, MikpobionoriyHi, CTaTUCTUYHI MeToau
Ta rasoBy xpomartorpadito.

Pe3ynbratu. 3a KOMMNMIEKCHOrO 3aCTOCYBaHHS iHOKYNSHTIB Ta OeHopany 3adik-
COBaHO 3HWKEHHS1 Macu Hag3eMHOI YacTuHM coi Ha 8,7-20,9 % Ta macu KOpeHiB Ha
4,8-16,8 % ynpogoBx BereTaLii MOPIBHAHO 3 KOHTPOMbHUMW POCIMHAMUN HE3aNexHo
BiJ, BMKOpMCTaHoro ansa Gaktepmsadii wrtamy pm3obin. Ha Tni npoTpytoBaHHA MociB-
HOro mMaTepiany Bifgpi3HANach Bif iHWMX LUTAMIB-iIHOKYNSAHTIB, BUKOPUCTAHUX Y poboTi,
OnHamika hopMyBaHHS KiNbKOCTi KOpeHeBMx Bynbbo4ok 3a y4dacTio B. japonicum B78.
3okpema, BigMiYEeHO 3MEHLUEHHS LbOoro nokasHuka Ha 20,6 Ta 16,3 % y da3n Tpbox
CMpaBXHiX NUCTKIB i OyTOHi3auii—noyaTKy UBITIHHSA Ta iCTOTHe Koro 36inblueHHs (Ha
28,0 %) y casy yTBOpeHHSA 606iB MOPIBHAHO 3 KOHTPONbHMMMW POCAMHAMK. Y pesyrib-
TaTi aHanidy asoTgikcyBarnbHOI aKTMBHOCTI CUMBIOTUYHMX CUCTEM, CCOOPMOBAHUX Ha
Trni 3acTocyBaHHs GeHopaay, BiAMIYEHO HeraTMBHMWIA BMNIIMB NPOTPYIOBAHHA Ha LOCHi-
DPKYBaHWUI NOKa3HWK y hasn TpbOX CnpaBXHIX NIMCTKIB i OyTOHi3auUii—no4aTKy UBIiTiHHS.
3a Takoi yMOBM CTyMiHb iHriOyBanbHOI Aji XiMiYHOrO nNpenapaTy Ha iHTEHCMBHICTb acu-
minsauii N, 3anexas Big BnacTuBocTen MikpocnmbioHTiB. BogHoyac y dasy yTBOpeHHS
606iB piBeHb dikcauii N, kopeHeBuMu Bynbbovkamu coi, cHOpPMOBaAHUMM 3a Y4aCTIO
B. japonicum PCQ7 Tta B144 Ha Tni npoTpyOBaHHS, NepeBULLYBaB KOHTPOSbHI POCIMHA
Ha 32,2 Ta 45,7 % BianoBigHo.

BucHoBKM. 3acTtocyBaHHA AONiS iHOKyNsUii HACiHHA coi MiKpOGHUX npenaparTis,
BUIOTOBIIEHNX HA OCHOBI LUTaMiB O6ynbO0OYKOBUX OaKTEpI 3 BUCOKOK PE3UCTEHTHICTIO
00 XiMiYHMX 3acobiB 3aXUCTy POCINUH Jae 3Mory 3abesneynTn NocTynoBe ocrnabreHHs
TOKCMYHOTO BM/MBY LUTYYHO CUHTE30BaHMX CMOMyK Ha POPMYBaHHS Ta OYHKLIOHYBaHHS
CUMOIOTUYHUX CUCTEM.

Knroyoei croea: cosi, yHriumagn, npoTpytoBaHHA, OynbboukoBi BHakTepii,
KinbKiCTb | Maca 6ynbbo4ok, a3oTdikcyBanbHa akTUBHICTb
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