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Abstract. The use of herbicides for sowing grain cultures, including grain
sorghum, is an integral condition for high yield indicators. However, upon
penetrating into plant organisms, herbicides can intensify synthesis of the
reactive oxygen species, which leads to the aggravation of lipid peroxidation
and activates antioxidant systems, namely superoxide dismutase enzyme.
It is known that phytohormones and microbial preparations, if included in
the cultivation technology, can improve plants’ ability to resist oxidative
stress caused by xenobiotics. However, the integrative influence of herbicides,
phytohormones, and microbial preparations on activity of superoxide dismutase
enzyme as well as on lipid peroxidation intensity in plants of grain sorghum
is understudied, which preconditioned the purpose of this study. The objects
of this study were as follows: grain sorghum (Sorghum bicolour (L.) Moench)
of the Milo W hybrid, herbicide Cytadel 25 OD, phytohormone Endofit L1 and
biopreparation Bioarsenal. The study was conducted following the requirements
of vegetation method. The activity of lipid peroxidation was investigated
according to the number of malondialdehyde formed in the plant tissues. The
activity of superoxide dismutase enzyme (EC 1.15.1.1) was investigated
according to its abilityto compete with nitro blue tetrazolium for superoxide
anions resulting from interaction between the reduced form of nicotinamide
adenine dinucleotide phosphate and phenazine methosulfate. The study
revealed that under the effect of the herbicide Cytadel 25 OD, indicators of
the lipid peroxidation activity in plants averaged 26.2-93.2% higher than in
control sample, depending on the herbicide rate and the day after application.
Activity of superoxide dismutase in these conditions exceeded that in the
control sample by 18.2-96.8% on average. However, provided the joint use of
herbicides, phytohormones, and biopreparation, the plants demonstrated a
decrease of the lipid peroxidation activity. It lowered by 14.5-19.1% against
the background of superoxide dismutase increase by 22.0-38.7% relatively
to the variants where only herbicide was used. Results of the experiment
attest the positive influence of the phytohormone and biopreparation on
the grain sorghum’s resistance to the oxidative stress caused by herbicides.
The observed data can become a cornerstone for the further development
of biologised cultivation technologies of this culture
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INTRODUCTION

In present-day agriculture, the cultivation of agricultural
crops, including grain sorghum, is unimaginable without
use of numerous preparations,among which, herbicides
are the most common. However, it is known that active
components of herbicides can substantially affect the
physiological processes not only in weeds, but also in crop
plants. Upon entering the endogenous system of plants,
they interfere with physiological processes, causing ac-
cumulation of reactive oxygen species (ROS) in their tissues.
It is proved that superoxide radical, one of the typical ROS
representatives, can provoke lipid peroxidation (LPO)
through numerous chemical reactions [1; 2]. As a result,
polyunsaturated fatty acids break up while reactive al-
dehydes develop, disrupting the DNA and amino acids’
structure in cells [3].

Scientists consider the functioning of antioxidant
systems among the mechanisms of protection of cells
from the adverse effects of ROS. Such systems contain
numerous enzymes,including superoxide dismutase (SOD)
(EC 1.15.1.1). This enzyme catalyses the dismutation of
oxygen superoxide and hydrogen peroxide in the initial
stages of neutralisation of active radicals [4]. The effi-
ciency of this process affects the rate at which the plant
overcomes oxidative stress and becomes able to fully
restore its normal metabolism.

Thus, modern-day studies [5; 6] prove that SOD
plays an important role in the ROS detoxification process
and activity of this enzyme increases according to the
level of stress affecting the plants. In this regard, research-
ers of searching methods to enforce the antioxidant ac-
tivity of plants to make them overcome consequences
of impact of stress factors more effectively. The use of
phytohormones and microbial preparations are often
highlighted among the relevant means of solving this
issue [7; 8]. It is known that inclusion of these components
into the grain cultures cultivation technology increases
antioxidant activity in plant tissues and ultimately leads
to declining intensity of lipid peroxidation processes [9;
10]. However, the impact of such preparations on the
specified indicators of grain sorghum plants has not
been studied before, which preconditioned the purpose
of this study.

LITERATURE REVIEW

It is proved that herbicides, as chemical substances, in-
tensify the production of ROS in cultivated plants. In
particular, herbicides based on pyrimidine and paraquat
cause oxidative stress in plants via the production of
ROS. The dicationic nature of these compounds contrib-
utes to their reduction to radical cations. Reduction of
dications occurs involving the first photosystem to form
monocation radical, which, reacting with the atomic oxy-
gen, forms the superoxide radical [11]. Herbicide Diuron
blocks electron transport in the process of photosyn-
thesis, Norflurazon inhibits biosynthesis of carotenoids
as a consequence of photooxidative processes caused by
synthesis of oxygen in cells [12].
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A.S. Lukatkin et al. [13] state that increased con-
centrations of ROS activate LPO in cells resulting in their
damage. For example, treatment of winter wheat, rye, and
maize plants with herbicide Topic at a concentration of
800 mg/l led to increase of lipoperoxidation activity
on the first day of experiment by 16-56% depending on
the crops. However, there was no substantial LPO increase
at a Topic concentration of 8 and 80 mg/L. On the second
day after the herbicide application, LPO level increased
in the leaves of winter wheat by 90% compared to the
control sample, but the same effect did not occur in rye
and maize. On the third day of the experiment, all the
variants showed the LPO increase, especially at herbicide
concentration of 800 mg/L.

N.H.Song et al.[14] discovered that the SOD and
LPO activity processes increased when herbicide Chlo-
rotoluron was applied into the soil at concentrations of
5,10, 15, 20, and 25 mg/kg. At the herbicide concentra-
tion of 10 mg/kg of soil, the number of thiobarbituric acid
reactive substances increased two times in the plant tis-
sue compared to the control sample. During the further
increase of preparation concentration to 25 mg/kg of
soil,the number of reactive substances decreased. How-
ever, histological examination of the plants using nitro
blue tetrazolium proved the further increase of the ox-
idative stress. The SOD activity, in turn, also increased
along with the preparation concentration in the soil.
In particular, activity of this enzyme was 1.2-3.5 times
higher than in control sample with the concentration of
Chlorotoluron at 5-15 mg/kg of soil. However, further
preparation concentration increase to 25 mg/kg of soil
decreases the SOD activity to the control level.

V.P. Karpenko et al. [7] note that the herbicide
Kalibr 75 at the concentration of 30-70 g/ha in different
combinations with the phytohormone Ahrostymulin and
microbial preparation Ahat-25K changed the SOD and
LPO activity in plants of spring barley. The amount of
malondialdehyde in the tissues of plants increased by
26.2-126.8% on the third day after the herbicide applica-
tion which testifies to the rise of the LPO level. However,
when the herbicide was applied jointly with the phyto-
hormone on the background of pre-sowing seed treat-
ment by the microbial preparation, the LPO activity was
lower by 14.8-22.5% compared to the variants where
only herbicide was used. The SOD activity increased by
29.9-123.9% upon treating the plants with Kalibr 75, but
when it was combined with the phytohormone and ap-
plied on the background of pre-sowing seed treatment
it was 16.0-27.6% which testifies to the increased ability
of plants to resist the oxidative stress.

Therefore, herbicides, phytohormones, and micro-
bial preparations can directly or indirectly impact the
activity of the LPO processes and the activity of the SOD
in plants. However, there is a lack of research related to
the influence of preparations on the given indicators in
grain sorghum plants, which mainstreamed the study in
this area.
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MATERIALS AND METHODS

The objects of vegetative [15] experiment were as fol-
lows: grain sorghum (Sorghum bicolour (L.) Moench) of the
Milo B hybrid [16], herbicide Cytadel 25 OD (penoxsulam
25 g/l), phytohormone) Endofit L1 (auxins, gibberellins,
cytokinins - 0.26-0.52%) and biopreparation Bioarse-
nal (Beauveria Bassiana fungi, strain MG 301 (GHA),
CFU 2x10%; Beauveria Bassiana, strain MG 302 (DB-1),
CFU 2x10%; bacteria Azospirillum spp. - MG 401, CFU
1.5x10%; and Azotobacter spp.— MG 402, CFU 1.5x10% per
100 g of preparation) [17].

Plants were grown in plastic containers with
capacity of 12 kg of absolutely dry soil, typical for the
field experiments. Soil — podzolised heavy-loamy cher-
nozem. Humus content in the topsoil - 3.5%, alkaline
hydrolysed nitrogen (according to the Cornfield method) -
103 mg/kg of soil, mobile phosphorus and potassium
compounds (according to the Chirikov method) - 88 and
132 mg/kg, respectively. Hydrolytic acidity - 2.26 cmol/kg
of soil, soil pH - 6.2 [18]. Soil humidity was maintained
at the level of 60% according to the gravimetric method.
Additional lighting was provided by fluorescent lamps.
Temperature was maintained at the level of 25°C. Relative
air humidity - 60%.

The scheme of the experiment included 16 variants
in threefold repetition: without the preparations (con-
trol sample), Cytadel 25 OD at a concentration of 0.6,0.8,
and 1.0 l/ha separately and in combinations with the
phytohormone Endofit L1 (30 ml/ha) on the background
of pre-sowing seed treatment by the biopreparation
Bioarsenal (800 g/100 kg) and without it.

Lipid peroxidation activity was evaluated accord-
ing to the number of formed malondialdehyde (MDA) in
the plant tissues [19]. Solution of triton X-100, hydrochlo-
ric acid, and thiobarbituric acid (TBA) were successively
added to the test tube containing the plant material
(supernatant). The mixture was heated up in the heat-
ed bath for 10 minutes. Cooling was carried out at the
temperature of 15°C for 30 minutes. For colour stabili-
sation, solutions of trilon B and ethanol were added to
the reaction mixture. A sample to which all the same
solutions were added, except the TBA, was used as the
control sample. The resulting solutions were analysed on
a spectrophotometer at the wavelength of 532 nm and
with further calculations of the LPO level (in umol/g)
according to the following formula (1):

D*Vl*V3 (1)

LPO = ———>
0 156 * P x V/,

where D is the light absorption of the sample, conven-
tional units; V, is the overall volume of the tissue ho-
mogenate, ml; V, is the volume of the supernatant that
was added to the test tube, mL; V, is the final volume of
the sample in the test tube, ml; 156 is the coefficient
of the micromolar light absorption; P is the mass of the
plant material sample, g.

Superoxide dismutase (EC 1.15.1.1) activity was
evaluated by its ability to compete with the nitro blue
tetrazolium for superoxide anions which form as a re-
sult of interaction between reduced nicotinamide adenine
dinucleotide and phenazine methosulfate [20]. As a result
of this reaction, nitro blue tetrazolium reduces forming
hydrazine tetrazolium. In the SOD presence, the percentage
of the reduced nitro blue tetrazolium decreases, which
reflects on the optical density of the reaction mixture.
Supernatant was prepared in the way of homogenisation
of the examined material with 0.05 M solution of potassium
phosphate pH 7.8 and further centrifugation at 20,000 g
for 10 minutes [21]. When all components were mixed, the
initial extinction of the reaction mixture was assessed
using a spectrophotometer at the wavelength of 540 nm
and thickness of the optical layer of 10 mm.The assess-
ment was repeated after 10 minutes, registering the
increase of the optical density of the mixture. Further
calculations were performed according to the following
formula (2):

E,—E
% of blockage = % * 100 (2)

0
where E| is the extinction of reaction mixture while there
is no SOD (null sample); E, is the extinction of the reaction
mixture in a state of equilibrium.

In the studied samples, the SOD content (conven-
tional units/g of raw material) was determined based on
the calibration curve according to the calculated percent-
age of inhibition of the nitro blue tetrazolium reduction.

Statistical analysis was performed according to
B. Dospehov’s method [22] using Microsoft Office Excel
2019.

RESULTS AND DISCUSSION

This study found that the LPO intensity in the tissues of
grain sorghum depended on the concentration of the
herbicide and its combination with the phytohormone and
biopreparation (Table 1).

Table 1. Activity of the LPO processes in the grain sorghum leaves under the effect of the herbicide Cytadel 25 OD,
phytohormone Endofit L1 and biopreparation Bioarsenal

Variant of the experiment

MDA content, pmol/g of raw substance
On the third day On the tenth day

Without use of the preparations (control) 14.6 237
Cytadel 25 OD 0.6 l/ha 19.5 29.9
Cytadel 25 OD 0.8 I/ha 23.1 32.8
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Table 1, Continued

Variant of the experiment

MDA content, pmol/g of raw substance
On the third day On the tenth day

Cytadel 25 OD 1.0 /ha 28.2 374
Endofit L1 30 ml/ha 121 20.3
Cytadel 25 OD 0.6 l/ha + Endofit L1 30 ml/ha 17.2 26.7
Cytadel 25 OD 0.8 l/ha + Endofit L1 30 ml/ha 21.0 30.2
Cytadel 25 OD 1.0 I/ha + Endofit L1 30 ml/ha 26.3 34.6
Bioarsenal 800 g/100 kg (pre-sowing seed treatment, background) 11.0 18.8
Cytadel 25 OD 0.6 l/ha + background 16.2 25.1
Cytadel 25 OD 0.8 l/ha + background 20.1 28.0
Cytadel 25 OD 1.0 I/ha + background 25.2 32.8
Endofit L1 30 ml/ha + background 9.9 17.3
Cytadel 25 OD 0.6 I/ha + Endofit L1 30 ml/ha + background 15.0 24.2
Cytadel 25 OD 0.8 I/ha + Endofit L1 30 ml/ha + background 18.7 26.7
Cytadel 25 OD 1.0 I/ha + Endofit L1 30 ml/ha + background 24.1 31.5
LSD 0.7 0.9

01

Thus, on the third day after applying the herbicide
Citadel 25 OD at the concentrations of 0.6 L/ha, 0.8 l/ha,
and 1.0 l/ha, the LPO intensity increased compared to the
controlsample by 33.6%,58.2%,and 93.2%,respectively;
on the tenth day - by 26.2%, 38.4%, and 57.8%, respec-
tively.Apparently, such LPO intensification is a consequence
of increased ROS formation during xenobiotic detoxifi-
cation by the plants, in particular, involving the cyto-
chrome P450 complex, which catalyses the penoxsulam
neutralisation - an active compound of the herbicide
Cytadel 25 OD [2; 23; 24]. However, upon applying the
same herbicide concentrations together with the phy-
tohormone Endofit L1, the LPO activity in the grain
sorghum plants decreased by 11.8%, 9.1%, and 6.7%,
respectively - on the third day, and by 10.7%, 7.9%, and
7.5%, respectively - on the tenth day compared to the
variants where only herbicide was used. It is consistent
with experimental results of other scientists [7; 25] which
also registered a considerable decrease of the LPO in-
tensity under the influence of phytohormones. A similar
effect was also observed when the herbicide was applied
at the concentrations of 0.6 l/ha, 0.8 l/ha, and 1.0 l/ha
against the background of pre-sowing seed treatment
by the biopreparation Bioarsenal. Thus, on the third day
after the herbicide application, the LPO activity in these

variants was lower than in the variants with only herbicide
use by 16.9%, 13.0%, and 10.6%, respectively. On the
tenth day, this indicator decreased by 16.1%; 14.6%; and
12.3%, respectively.

The lowest LPO indicators were observed in the
variants where the herbicide Cytadel 25 OD was applied
together with the phytohormone Endofit L1 against
the background of pre-sowing seed treatment by the
Bioarsenal. Under these conditions, the intensity of li-
poperoxidation processes on the third and tenth day,
was by 23.1% and 19.0%, 14.5% and 19.1%, 18.6% and
15.8%, respectively, lower than in the variants with only
herbicide. However, it remained higher than the control
sample by 2.7-65.1% and 2.1-43.9%, respectively. Ev-
idently, the stress level was lower upon the complex
use of the preparations under study than in the variants
where only herbicide was used. Such changes in the LPO
intensity can possibly be connected to the intensive
functioning of the antioxidant systems. In this regard,
to determine the reasons of the LPO activity decrease
upon the complex use of preparations, the authors inves-
tigated the SOD activity.

According to the experiment results (Table 2), the
SOD activity also altered in different combinations of
the preparations under study.

Table 2. SOD activity in the grain sorghum leaves under the effect of the herbicide Cytadel 25 OD,
phytohormone Endofit L1 and biopreparation Bioarsenal

Variant of the experiment

SOD, CU/g of raw substance
On the third day On the tenth day

Without use of the preparations (control) 1.24 2.36
Cytadel 25 OD 0.6 l/ha 1.56 2.79
Cytadel 25 OD 0.8 l/ha 1.97 3.45
Cytadel 25 OD 1.0 l/ha 2.44 4.12
Endofit L1 30 ml/ha 1.40 2.68
Cytadel 25 OD 0.6 I/ha + Endofit L1 30 ml/ha 1.93 3.33
Cytadel 25 OD 0.8 l/ha + Endofit L1 30 ml/ha 2.34 3.95
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Table 2, Continued

Variant of the experiment

SOD, CU/g of raw substance
On the third day On the tenth day

Cytadel 25 OD 1.0 I/ha + Endofit L1 30 ml/ha 2.78 4.60
Bioarsenal 800 g/100 kg (pre-sowing seed treatment, background) 1.43 2.71
Cytadel 25 OD 0.6 l/ha + background 1.99 342
Cytadel 25 OD 0.8 I/ha + background 2.46 4.06
Cytadel 25 OD 1.0 I/ha + background 291 4.74
Endofit L1 30 ml/ha + background 1.49 2.79
Cytadel 25 OD 0.6 I/ha + Endofit L1 30 ml/ha + background 2.16 3.62
Cytadel 25 OD 0.8 I/ha + Endofit L1 30 ml/ha + background 2.68 4.31
Cytadel 25 OD 1.0 I/ha + Endofit L1 30 ml/ha + background 3.18 5.03
LSD 0.14 0.17

Q1

Therewith, the activity of this enzyme increased
upon the herbicide treatment of plants by 25.8%, 58.9%,
and 96.8% - on the third day and by 18.2%, 46.2%, and
74.5% - on the tenth day of the experiment compared
to the control sample. These changes in the SOD activity
could possibly be caused by the increase of the ROS con-
centration in the plant tissues against the background
of the xenobiotic influence. A similar effect was also
described by other researchers [4; 26], who studied ac-
tivity of this enzyme in plants under the influence of
herbicides.Inaddition,application of the herbicide at the
concentrations of 0.6 /ha, 0.8 l/ha,and 1.0 /ha in combi-
nation with the phytohormone Endofit L1 increased the
SOD activity by 14.2-24.1% (third day) and 11.6-19.3%
(tenth day) relatively to the samples treated exclusively
by herbicides. Intensification of the antioxidant processes,
namely the SOD activity, under the influence of exoge-
nous phytohormones on plants is reflected in numerous
studies [27-30], which associate this process with strength-
ening of the metabolism in plants. Experimental samples,
where herbicide was applied against the background of
pre-sowing seed treatment by the Bioarsenal demon-
strated a similar tendency - on the third and tenth day,
the SOD activity increased by 19.6-27.5% and 14.9-22.5%,
respectively. The highest indicators of the SOD activity
were observed at the compatible use of the herbicide
and phytohormone against the background pre-sowing
seed treatment by the biopreparation. On the third and
tenth day of the experiment, the activity of this enzyme
exceeded control by 0.92 CU/g, 1.44 CU/g, 1.94 CU/q,
and 1.26, CU/g, 1.95 CU/g, 2.67 CU/g of raw substance,
respectively, which was higher than indicators of the
variants treated exclusively by herbicides 30.7-38.7%
and 22.0-29.6%.

To establish the nature of the dependence between
the two researched indicators, the authors of this study
performed a correlation analysis, which resulted in the
discovery of a strong positive connection between the
SOD and LPO activity. On the third and tenth day of ex-
periments it was 0.78 and 0.72, respectively.

The results of the study suggest that the herbicide
Cytadel 25 OD at the concentrations of 0.6 I/ha; 0.8 I/ha,
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and 1.0 l/ha cause the increase of the ROS production,
particularly superoxide radical, in the grain sorghum
plants, which is accompanied by intensified lipid perox-
idation. Such effect is expected, because xenobiotics
cause numerous malfunctions in cells, leading to their
damage [31].As a result, antioxidant systems activate in
plants, and their functions are implemented by numerous
specific enzymes. Thus, the SOD activity, as one of the
key antioxidants, increase along with the concentration
of herbicide Cytadel 25 OD.

Phytohormones and microbial preparations allow
fulfilling a genetic potential of agricultural crops better,
which manifests in increasing their resistance to various
forms of stress [7]. In this regard, samples under study
that were treated with herbicide in combination with
phytohormone Endofit L1 and biopreparation Bioarsenal
demonstrate a substantial increase in the SOD activity
compared to the samples treated exclusively by herbi-
cides. Therewith, increase in the SOD activity was ac-
companied by simultaneous decrease of the lipid per-
oxidation activity, which testifies to the increase of the
ROS neutralisation efficiency in the plants.

Other researchers have also observed similar results
in their studies. For example,Z.M. Hrytsaienko et al. [32]
note that treatment of spring barley plants with herbicide
Hranstar 75 at the concentrations of 10,15, 20 and 25 g/ha
increases the SOD activity by 25.6-126.5% compared to
the control sample. However, application of the herbicide
in combination with phytohormone Emistym C led to
a more pronounced activation of the SOD, which man-
ifested itself in an increase of this enzyme activity by
17.6-31.7% compared to the samples treated exclusively
by herbicides. Lipid peroxidation processes also altered
in the experiment conditions. At the herbicide concen-
trations of 10-25 g/ha malondialdehyde content in the
leaves of the spring barley was 32.8-130.2% higher
than in the control sample. Application of the herbicide
in mixtures with the phytohormone caused decrease
of the LPO activity in plants compared to the samples
without the phytohormone. This effect was the most
pronounced in the samples with the lower herbicide
concentrations (10-15 g/ha) and weakened when the




concentration increased to 25 g/ha. A possible explana-
tion to such a reqularity is a particular levelling of the
protective action of the phytohormone upon higher herbi-
cide concentrations.

N. Khan et al. [33] also observed similar results
in the chickpea crops. In the stress conditions, the activity
of the LPO in the plants increased, but when the seeds
were pre-treated with microbial preparations before sow-
ing and the crops were sprayed with a phytohormone -
lipid peroxidation activity decreased.

W. Zhang et al. [34] discovered analogous ten-
dencies upon treating wheat plants by phytohormones
in the abiotic stress conditions. The LPO level in the
wheat plants decreased by 12.6-48.6% compared to the
control in the samples treated with phytohormones. There-
with, in these conditions, a substantial increase in the
SOD activity was observed - by 4.7-12.4% compared to
the control sample.

Therefore, the results of this study are consistent
with the data observed by other researchers regarding
the impact of phytohormones and microbial prepara-
tions on the intensity of lipid peroxidation processes
and the SOD activity in cultural plants under herbicide
stress conditions. However, the highest efficiency was
registered in the samples treated by the herbicide Cyta-
del 25 OD in combination with the phytohormone Endofit
L1 application against the background of pre-sowing seed
treatment by Bioarsenal preparation.

Krasnoshtan et al.

CONCLUSIONS

Application of the herbicide Cytadel 25 OD at the concen-
trations of 0.6,0.8,and 1.0 l/ha intensifies the lipoperox-
idation in plants of grain sorghum. However, when the
herbicide is combined with the phytohormone Endofit L1,
as well as when it is used against the background of
pre-sowing seed treatment by the biopreparation Bio-
arsenal, the LPO intensity decreases compared to the
samples treated exclusively by the herbicide, which is
one of the consequences of the antioxidant activity in-
crease in plants, namely the activity of the SOD enzyme.

The most favourable conditions for overcoming
consequences of the xenobiotic influence on the grain
sorghum plants form in the combined use of the herbicide
Cytadel 25 OD and phytohormone Endofit L1 against
the background of pre-sowing seed treatment by Bio-
arsenal. The SOD activity in such experimental samples
exceeded that of the control sample by 99.3% on aver-
age, which is 30.3% higher than in the samples treated
exclusively by herbicides. The LPO reactions were sup-
pressed against the background of the SOD activity
increase and their intensity decreased by 17.2% com-
pared to the herbicide-only samples.

Thus, integrated use of the herbicide Cytadel 25 OD,
phytohormone Endofit L1, and biopreparation Bioarse-
nal is an expedient measure that allows decreasing the
harmful influence of the herbicides on the grain sorghum
plants.
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JlinonepokcupaauinHi npouecu B copro 3epHOBOMY 3a Aii rep6iunay,
perynaTtopa pocTy POC/NMH i 6ionpenapaTty

Bacunb IropoBuu KpacHowraH, Biktop Metposuu KapneHko, Pycnan Mukonaitosuu lMputynsk,
IpuHa bopuciBHa JleoHTiOK, AHHa AHApiiBHa JaueHko

YMaHCbKMIM HaLiOHANbHUI YHIBEPCUTET CaLiBHMLTBA
20305, Byn. IHCcTMTYTCbKA, 1, M. YMaHb, YKpaiHa

AHoTaujig. BukopurcTaHHs repbiumaiB y nociBax 3epHOBUX Ky/bTyp, B TOMY YMCAi M COPro 3epHOBOTO, € HEOAMIHHO
YMOBOI OOCATHEHHS BUCOKMX MOKA3HWKIB YPOXaMHOCTI. [poTe, NPOHMKAOUYM A0 OPraHi3aMy poC/IMH BOHM 34aTHI
iHTeHCUdiKyBaTUM CMHTE3 aKTUBHMX GOPM KUCHIO, WO NPpU3BOAUTb 40 MOCMNEHHS MPOLeCiB ninonepokcuaauii Ta
AKTUBI3aLLi aHTMOKCUMOAHTHUX CUCTEM, 30KpeMa M (DepMeHTy cynepokcuaamMcmyTasu. Bigomo, Wo perynsaropu pocty
POC/IMH Ta MiKpOOHi NpenapaTty, 33 iX BKIOYEHHS 40 TEXHOMOTIA BUPOLLYBAHHS 3€PHOBUX KY/bTYpP, MOXYTb MiABULLYBATU
3[0aTHICTb POC/IMH NPOTUCTOATU OKCUAATUBHOMY CTPECY, CMPUYMHEHOMY i€t0 KCEHODIOTUKIB. YTIM iHTErpOBaHMIA BNIMB
repbiunais, perynatopis pocty pocivH i MikpobHMX npenapaTiB Ha aKTUBHICTb (ePMEHTY CynepoKCMAANCMYTasH Ta
IHTEHCMBHICTb MPOXOMXKEHHS PeakLii finonepokcuaalii B poCIMHAX COPro 3epHOBOr0 BMBYEHO HEAOCTAaTHbLO, WO
1 06yMOBMIO METY LibOro JoCiaKeHHs. O6EKTaMU BUBYEHHS CITYTYBanu POC/IMHM COpro 3epHoBoro (Sorghum bicolour (L.)
Moench) riepuay Maiino B, repbiumna Llutagens 25 OD, perynatop pocty pocinH EHoodiTL1 i 6ionpenapat bioapceHan.
Hocnip 6yno 3aknafeHo 3 AOTPUMAHHAM BMMOT BereTauiiHOro mMetody. AKTUBHICTb MEPOKCUMAHOINO OKMCIEHHS
ninigis BM3Ha4yanM 3a KinbKicTO YTBOPEHOr0 B TKAHWMHAxX pPOC/MH MANOHOBOrO Auanbaerify. AKTUBHICTb pepMeHTy
cynepokcuaancmytasm (K® 1.15.1.1.) BctaHOBNKOBaNM 33 MOr0 343THICTHO KOHKYPYBATKU 3 HITPOCKMHIM TETPa3osieM 3a
CYNepOKCUAOHI aHiOHM, LLLO YTBOPIOKOTLCS B pe3y/bTaTi B3aEMOZii BiAHOBNEHOI POPMU HiIKOTMHAMIAAAEHIHOAMHYKNEOTUaY
i beHasnHMeTacynbdaTy. B xoni pocnigpkeHb 6yno BCTaHOBNEHO, WO 3a Aii repbiunay Lintagens 25 OD nokasHuku
aKTMBHOCTI NEPOKCMAHOIO OKMCHEHHS NiNiAiB Y pocanMHax 6ynun B cepefHbOMY Ha 26,2-93,2 % BULLMMM HiXX Y KOHTPO,
3a/1eXKHO Bifg HOpPMU repbiumay i 4obu Nicns BHeCEeHHS. AKTUBHICTb CynepoKCMAAMCMYTa3N 33 TaKMX YMOB NepeBULLYBana
KOHTpO/b y cepenHboMy Ha 18,2-96,8 %. lNpoTe, 3a CyMiCHOrO BUKOPWUCTaHHS repbiumay, perynsropa pocty poCiuH i
HionpenapaTy CNocTepiranoch 3HMKEHHS AKTUBHOCTI JTINONepPOKCUAALLIMHMX NPoLeciB y pociMHax Ha 14,5-19,1 % sigHocHO
BapiaHTiB CaMOCTIMHOrO BHECEHHS repbiuuay npu oA4HOYAaCHOMY 3POCTaHHI aKTMBHOCTI CynepoKCMAAMCMYTa3n Ha
22,0-38,7 %. Pe3ynstatv 4OCNIOXKEHD 3aCBIAYYOTb MO3UTUBHWUI BNAMB PEryAsTOpa POCTy pOC/MH i Bionpenapaty Ha
3[aTHiICTb COPro 3epHOBOr0 NPOTUCTOATU OKCMAATUBHOMY CTPECY, WO BMHUKAE BHACNIAOK Aii repbiunay. OTpumaHi
[laHi MOXYTb CTaTW MIAFPYHTAM 415 NOAANbLOT po3pobku 6i0N0ri30BaHUX TEXHOOTiH BUPOLLYBAHHS LET KyNbTypH

KniouoBi cnoBa: cynepokcuaamMcMyTasa, NeEpOKCMAHE OKMCHEHHS NiMifiB, aHTMOKCUMAAHTHUI 3axucT, bionorisauis,
OKCMAATUBHUI CTpec
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