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Abstract

Potato (Solanum tuberosum L.) is a vital tuberous crop consumed around the globe following rice,
wheat, and maize. The biotic factors, such as fungi, viruses, bacteria, and viroid infections, significantly
impact the potato plant's metabolism, altering its physiological, biochemical, and intermolecular
reactions to these stress factors. To investigate the activity levels of antioxidant enzymes (AOEs) in
the oxidative stress of potato plants and assess their resistance levels to viral infections, callus culture
is often employed as a primary model. This study examines the activity profiles of AOEs, specifically
peroxidase (POD), catalase (CAT), and superoxide dismutase (SOD), in two entities — potato callus
tissue and native plants — under potato virus X (PVX) virus infection conditions.

The research results demonstrate distinct AOE profiles in callus tissues and leaves of infected potato
plants. The POD activity in callus tissue is over 50% higher on the 3 dpi compared to plant leaves.

The dynamics of increased AOE activity follow a pattern, peaking on the 3 dpi and declining by
the 7 dpi. CAT activity remains consistent until the 7 dpi across all five studied varieties. SOD activity,
as the primary enzyme in hydrogen peroxide deactivation, increases by 16-42% post-infection. The
AOE activity exhibits a consistent pattern during PVX virus infection in callus and leaf tissues, with the
preinfection activity level being over 100 units/gram dry weight lower in callus tissue than in leaf tissue.
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Moreover, the nature of increased activity differs between the two entities.
Thus, drawing definitive conclusions regarding potato variety resistance based solely on AOE
activity in callus tissue is challenging. Therefore, a mandatory examination of AOE levels in native

plants in non-sterile conditions is essential.

Key words: potato; Solanum tuberosum; antioxidant enzymes; peroxidase; catalase; superoxidase.

Introduction

Potato (Solanum tuberosum L.), an autotetraploid
member of the Solanaceae family, is a starchy tuber
crop that ranks fourth in the world in terms of
production [1]. Potatoes are subject to a wide range
of biotic stresses, among which bacterial, fungal,
and viral diseases cause significant economic
damage. Viruses are among the most harmful
pathogens affecting potato crops, with more than
40 viruses reported Crops are affected. The most
important viruses are potato virus Y (PVY), potato
leaf roll virus (PLRV), potato virus A (PVA),
PVX, potato virus S (PVS) and potato virus M
(PVM) [2].

PVX can cause losses of 10-40% (average
25%) in single infections and is particularly
damaging in combination with potato Y or A
viruses. This is due to its synergism with both
Potyviruses, leading to tuberose yield losses of up
to 80% [3].

One of the earliest responses of plant cells to
infection with a pathogen, including a viral one, is
the formation of reactive oxygen species (ROS),
which is called an "oxidative explosion" [4].

To protect against potentially cytotoxic forms
of activated oxygen, the plant cell has a powerful
defense system that includes both enzymatic and
non-enzymatic antioxidant systems [5]. The main
elements of the enzymatic system are enzymes
such as superoxide dismutase (SOD), peroxidase
(POD) and catalase (CAT), which protect the plant
cell by directly deactivating radicals, converting
them to less reactive forms [6,7].

Materials and methods

The objects of the study were potato plants of
five promising varieties of Kazakhstani selection
("Ulan", "Tokhtar", "Babaev", "Alliance"
and "Narli") at the age of 4 weeks, grown in a
phytochamber under 15000 lux, temperature
240°C during the day and 18°C at night, humidity
70% and 16-hour light period.

Callus was prepared from leaves using
Murashige-Skooga medium with the addition of
2,4-D (1 mg/mL) and kinetin (0.05 mg/mL). For
plant regeneration, callus was transplanted to a
medium with 6-BAP (1 mg/ml) and TAA (0.5 mg/
ml). Callus induction and plant regeneration were
carried out in a phytochamber in compliance with

Inhibition of the activity of one of the enzymes
of the antioxidant system can lead to an excessive
accumulation of reactive oxygen species and
cell destruction [8]. High constitutive levels or
high induced levels of antioxidants in a plant cell
may confer resistance to stressors. It should be
noted that in resistant plant forms, the activity of
enzymes involved in protection from oxidative
stress increases to a greater extent compared with
unstable ones [9].

At the same time, it is known that callus
culture is considered a model object in the study
of the level of resistance to various types of stress.
However, the nature of the production of enzyme
antioxidants in potato culture has not been studied
[10]. At the same time, the resistance of Kazakh
varieties to viral infections also remains an issue
that has not been fully studied. The study of the
level of resistance of varieties of Kazakh selection
in the conditions of viral infection will make
it possible to select the most resistant varieties
in a short time and study their level of immune
response to the invasion of the pathogen.

In this regard, the purpose of this study is to
conduct a comparative analysis of the activity
of the components of the enzyme antioxidant
system (peroxidase, catalase, superoxidase) of
potatoes in vivo and in vitro on the example of five
promising varieties of Kazakhstani selection under
conditions of infection with the PVX virus (family
Alphaflexiviridae, genus Potexvirus).

the above regimes.

Infection of plants with PVX virus was carried
out by inoculation through leaf blades by means of
microlesions with carborandum and application of
a freshly prepared mixture of virus particles and
phosphate buffer to the damaged surfaces. The
inoculation mixture contained 10 mM sodium—
phosphate buffer (pH 6.9—7.0 (pH meter, Consort
C931, Belgium) and carborandum (d—0.037 mm).

The callus was infected by cocultulating loose
callus tissue with a viral inoculum. Plants and calli
were tested for infection by PCR [11]. The general
scheme of the experiment is shown in Figure 1.
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Figure 1 — Scheme of preparation of infected calli and plants for spectrophotometry
(1 — test tube potato plants, 2 — induction of callus from leaf blades, 3 — planting of test tube plants in
the ground, 4 — cultivation of the obtained loose callus with a viral inoculum, 5 — selection of leaves on
the 3rd, 5th, 7th day, 6 — production of infected callus, 7 — homogenization in a porcelain mortar,
8 — obtaining an extract from leaf and callus tissue, 9 — spectrophotometric analysis)

PCR identification of viral infection.

Total RNA was extracted from leaves infected
or uninfected with PVX virus using TRIZOL
with modifications [12]. A single-stage RT-PCR
reaction was performed using the RT-PCR Kit
(Thermo Fisher Scientific, USA). The mixture was
incubated at 45° C. for 30 min and denatured at
94°C for 5 min. This was followed by 30 cycles:
94°C for 30 s, 50.7°C for 30 s, and 72°C for 30 s,
with a final extension of 72°C for 5 min. RT-PCR
products (5 puL) were analyzed by electrophoresis
in 1.5% agarose gel. The sequence of the capsid
protein gene was used for amplification [13].

Primers: F CACTGCAGGCGCAACTCC;
R GTCGTTGGATTGTGCCCT [11]. Product
size 565 bp cDNA was amplified by PCR in a
VeritiPro (Applied Biosystems) in a volume of
20 pL containing 2 uL of 10x PCR buffer, 1.5 puL
of 25 mmol/L MgCl2, 2 puL of 2 mmol/L dNTP,
0.2 pL of Tag DNA polymerase (Thermo Fisher
Scientific, CIIIA), and 1 pL of cDNA. Whereas in
classical RT-PCR, 1 puL of each primer was used in
each of several reactions. The PCR mode consisted
of 94°C - 1.5 min (initial denaturation), 38 cycles
of 94°C - 45 sec (denaturation), 53°C - 45 sec
(annealing primers) and 72°C - 1 min (elongation)
followed by final elongation at 72°C for 5 min. 10
uL of products were analyzed by electrophoresis
in 2% agarose gel. Leaf and callus samples were
collected on 3, 5, and 7 dpi and immediately
prepared for the determination of peroxidase
(POD), catalase (CAT), and superoxide dismutase
(SOD) enzyme activities.

Peroxidase activity. The degradation rate

of H202 at 590 nm for 120 sec was used to
calculate POD activity. The extract was prepared
with the addition of 20 pL of 100 mM FMSF
(phenylmethylsulfonyl fluoride). The experimental
and control cuvettes contained 0.01% benzidine
hydrochloric acid solution. The reaction was
triggered by the addition of 0.3% hydrogen
peroxide [14].

Catalase (CAT) activity. The degradation
rate of H202 at 240 nm was used to calculate
CAT activity [15]. The enzyme extract (50 pL)
was mixed with a buffer solution of potassium
phosphate (1 mL, 25 mM, pH 7) containing H 202
(10 mM). CAT activity was expressed in pmol/g
fresh weight.

Superoxide  dismutase  (SOD)  activity.
The ability of superoxide dismutase (SOD) to
inhibit the photochemical reduction of nitrosine
tetrazolium (NBT) has been determined [15]. The
mixture consisted of KH2PO4 (50 mM, pH 7.8),
NBT (75 mM), L-methionine (10 mM), EDTA
(0.1 mM), and riboflavin (20 mM) with enzyme
extract (100 pL). After 15 minutes of exposure to
light, the tubes were incubated at 25°C under two
15W fluorescent lamps. Finally, absorption at 560
nm was calculated. SOD activity was expressed in
pumol/g FW.

Statistical data processing. All experiments
were carried out in threefold repetition. Statistical
processing was carried out taking into account the
calculation of the mean value, standard deviation
and p-value of the Student's test. The data analysis
was carried out in Microsoft Excel 2010.
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Results

Infected plants and callus samples, according to the protocol, were examined for Potato Virus X
(PVX) after 3 dpi. On the same day, the first sample was collected for the analysis of antioxidant enzyme
activity (AOE). Based on the results of the polymerase chain reaction (PCR) analysis, all samples of
native plants and callus (after co-cultivation with viral particles) subjected to infection were confirmed
to be infected. The PCR results are presented in Figure 2.

Figure 2 — PCR Analysis Results for Potato Virus X Identification in Potato Callus and Plants.
M — marker; NC — negative control; P1 — Ulan variety plant, P2 — Tokhtar variety plant, P3 — Babayev
variety plant, P4 — Aliyans variety plant, PS5 — Narli variety plant; C1 — Ulan variety callus,
C2 — Tokhtar variety callus, C3 — Babayev variety callus, C4 — Aliyans variety callus,
CS5 — Narli variety callus.

Symptoms of infection on plants were

observed at the infection site as early as 3 dpi, and
virus spread was noted on 7 dpi. Typically, signs
of infection on plants manifest within 5-7 dpi. In
the studies by Aguilar E. et al., it was demonstrated
that infected tobacco plants exhibited symptoms
of PVX infection within 6 days, as revealed by
Western blotting [16]. Even resistant potato

varieties carrying the Rx gene become infected
with Potato Virus X as early as 5 dpi [17].

Furthermore, according to the research design,
changes in peroxidase (POD) enzyme activity were
assessed for the five examined potato varieties in
leaf explants and callus tissues on the 3, 5, and 7
dpi (Figure 3).
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Figure 3 — Variation in Peroxidase Activity in Calli and Plants of Five Potato
Varieties of Kazakhstani Breeding

As revealed by the results, the initial
antioxidant status in callus cells was 58% lower
(p<0.001) compared to plants. Subsequently, upon
infection, a significant increase in peroxidase
activity by 5.6-5.9 times (p<0.001) was observed
in both samples on the 3 dpi. The Alliance variety
exhibited the highest responsiveness to viral
introduction, showing the maximum level of
activity enhancement in both plants and callus
within the antioxidant system (AOS). Following
closely in activity was the Tochtar variety, which
demonstrated a 4.4-fold increase (p<0.001) in

peroxidase activity compared to the baseline.

In plants, Ulan, Narli, and Babaev varieties
showed a threefold increase in AOS levels on the 3
dpi, compared to the initial point. Simultaneously,
the callus reaction to infection in these varieties
was 2-2.5 times higher (p<0.001) than before
infection. Peroxidase activity indicators decreased
by almost 50% (p<0.001) on the 5 dpi for all
varieties, suggesting a reduction in the first level
of defense against the pathogen and virus spread
in all cells.

As presented in the results by Khaled El
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Dougdoug et al., an increase in SOD, CAT, and
POD levels is primarily observed in tolerant and
resistant varieties compared to susceptible and
healthy varieties [18]. According to Cristina
Aguilar-Sanchez et al., it can be inferred that
the increase in AOS occurs as early as 4 hours
after infection for CAT and POD [19]. Many
scientists associate the activation of AOS with the
functioning of POD. Although plant PODs may
exhibit substrate-specific activity in vitro, this does
not necessarily imply the same effect in vivo [20].

Peroxidase activity data indicated that the
Alliance, Ulan, and Tochtar varieties have higher
activity levels after 3 dpi. This suggests that these
varieties have a higher level of primary activation
of the immune system during viral infection. The

dynamics of changes in the AOS level in plant and
callus objects are nearly identical, although it is
essential to consider that the initial AOS level is
significantly lower in the callus, as it is maintained
in sterile conditions with low levels of stress
factors.

Another significant enzyme in deactivating
peroxidation is catalase. As known, catalase
activity is influenced by the concentration of
hydrogen peroxide — its main substrate [21].
Catalase has very high reaction rates but low
affinity for hydrogen peroxide, requiring large
amounts of substrate [22]. The results of studying
catalase activity in plants and callus culture under
viral infection conditions are presented in Figure
4 below.
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Figure 4 — Changes in catalase activity in callus tissues and plants of five varieties
of Kazakhstan i-selected potatoes

Catalase activity in the callus tissue showed
significantly higher levels compared to plant
cells. It is important to note that the activation of
activity occurs on the 3 dpi, and significantly high
levels persist until the 7 dpi. This is particularly
evident in the Ulan, Narli, and Babayev varieties,
where the activity on the 7 dpi exceeded by 27%
(p<0.01), 39.3% (p<0.001), and 24.6% (p<0.01),
respectively. This may indicate a low level of
catalase degradation and a high level of stress
factors. Meanwhile, the Alliance variety showed
a value 11% lower than the initial measurement
on the 7 dpi (p=0.05), and the Tokhtar variety
exhibited an activity 5% higher than the initial
measurement on the 7 dpi (p=0.05). For the
Babayev variety, both in callus tissue and native
plants, catalase activity on the 3 dpi was the
lowest, being 41% (p<0.001) and 31% (p<0.01)
higher than the initial measurement, respectively.

The low affinity for hydrogen peroxide
indicates that there is almost always a linear
relationship between catalase (CAT) activity and
peroxide concentration, even at supraphysiological
concentrations. Therefore, accurately determining
the Michaelis constant for CAT is very challenging.
It is believed to be in the range of 40-600 mmol/
[23]. Thus, CAT operates significantly below its
maximum capacity and maintains its activity for
an extended period. Additionally, CAT remains
stable during changes in the cell's redox status,
making it more resistant to stress compared to
other components of the antioxidant system. Under
physiological conditions, catalase enzyme activity
can be up to 10,000 times higher than peroxidase
activity [24]

As demonstrated in recent studies, viral
proteins of viral particles are directly aimed at
deactivating catalase. For example, the 2b protein
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of the Cucumber Mosaic Virus (CMV) directly
interacts with catalases (CAT) and inhibits their
activity, as shown in the research by Ting Yang
et al. (2022). [25]. The same group of scientists
in 2020 demonstrated that the helper component
protease (HcPro) encoded by the Chilean Pepper
Vein Mottle Virus (ChiVMV) can directly interact
with catalase 1 (CATI1) and catalase 3 (CAT3)
in the cytoplasm of tobacco plants (Nicotiana
tabacum) to facilitate the spread of viral infection.
[26].

Thus, the catalase activity levels in the five
potato varieties indicated a high level of infection.
In this context, the Alliance, Ulan, and Narli
varieties exhibited a higher level of the primary
response to infection in plants. The difference
in catalase degradation in the two objects may
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be associated with differences in physiological
processes.

One of the indicators of the resistance and
susceptibility of various plant species to stress
factors is the increase in superoxide dismutase
(SOD) activity in cells. During the superoxide
dismutation reaction, hydrogen peroxide is formed,
which is less active compared to the superoxide
radical and is neutralized by other enzymes. The
main pool of hydrogen peroxide is neutralized
by catalase (CAT), while peroxidases (POD)
can neutralize peroxide inaccessible to CAT
due to their high affinity for hydrogen peroxide.
Moreover, this neutralization occurs thanks to
the presence of peroxidases in numerous cellular
organelles.
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Figure 5 — Changes in superoxide dismutase activity in callus tissues and plants
of five varieties of Kazakhstan i-selected potatoes

As seen in the presented figure, changes in the
activity of the SOD enzyme are observed as early
as the 3rd dpi. Significant differences in enzyme
activity in the callus are noted for the Allians and
Tokhtar varieties, being 16% (p< 0.01) and 42%
(p<0.001) higher than in the uninfected callus.
In the Ulan, Narli, and Babaev varieties, almost
the same level of activity is observed, which is
20% (p< 0.01), 21% (p<0.01), and 22% (p<0.01)
higher than the initial indicator. In native plants,
this indicator was highest in the Alians and Ulan
varieties, being 24% (p<0.01) and 26% (p<0.01)
higher. For the Narli and Tokhtar varieties, this
indicator was at the level of 19.3-19.6% (p<0.01).
At the same time, the minimum difference in
this indicator was noted for the Babaev variety.
The dynamics of activity in the callus and in the
native plant for this enzyme is ambiguous. For the

Allians variety, the activity indicator in the callus
culture is the lowest, while in the plant, it is one of
the highest. The opposite situation is observed for
the Tokhtar variety, in the callus tissue of which
the maximum activity of SOD is noted, whereas
in the plant, it is one of the lowest. According to
Serenko et al. (2011) resistance to stress factors in
transgenic plants of Solanum lycopersicum L. was
observed in plants with increased SOD activity. It
is shown that the cell quickly responds to stress
by increasing SOD activity. The results of Viola
Kunos etal. (2022) showed that, despite differences
in the reactions of the studied 5 barley varieties
when infected with three isolates of Pyrenophora
teres f. teres, significantly increased SOD activity
was observed in all studied varieties at early
stages of infection. At the same time, the lowest
SOD activity was observed in the most resistant
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variety [27]. According to Quancheng Zhang
et al. (2022) after powdery mildew infection in
cucumber leaves, the chlorophyll and free proline
content decreased, while the activities of POD and
SOD, as well as the content of soluble protein and
malondialdehyde, increased [28].

Thus, the activity of the SOD enzyme
remains ambiguous in both callus tissue and plant
leaves during viral infection. It is not possible to
unequivocally identify a resistant variety based
solely on the level of activity of this enzyme.
Comparing the three enzymes presented in the

Discussion

In living organisms, two functionally distinct
sources of ROS exist. They are generated during
normal metabolism and play a role in signal
transduction, so a living system can never
completely eliminate all ROS [29]. However,
ROS can also be formed as a result of various
environmental stresses, and this excess amount of
ROS is scavenged by protective antioxidants or the
antioxidant defense system. The primary forms of
ROS include superoxide anion (O2—¢), hydrogen
peroxide (H202), and hypochlorous acid (HOCI),
as the reactivity of these compounds is analogous to
ions with unpaired electrons [17]. In cells, ROS are
primarily produced in mitochondria, chloroplasts,
apoplasts, and peroxisomes, as well as in cell walls
and plasma membranes. If prooxidants (i.e., free
radicals) accumulate, for example, due to stress, a
three-level antioxidant defense system is activated.
02—- is formed as a result of the reaction between
molecular oxygen and electrons generated in
electron transport chains. This free radical is
abundantly produced in response to stress and
is eliminated by direct enzymatic pathways as
the first protective component of the antioxidant
system [5]. Superoxide dismutase (SOD) absorbs
02—+ by catalyzing its dismutation into H202. A
high concentration of H202 inactivates SOD, so
its dissociation to water is facilitated by catalase
(CAT), which has high activity but low substrate
affinity. Removal of H202 can be carried out by
glutathione peroxidase (GPX), which is one of the
inducible key enzymes in membrane protection
when membranes undergo oxidative stress, using
reduced glutathione (GSH) as a substrate [29].

In this study, changes in the activity of
antioxidant enzymes in callus tissue and native
potato plants in virus-free and infected samples
were investigated over time of infection and
antioxidant activity. Catalase (CAT) and

study, it can be concluded that the Alians, Ulan,
and Tokhtar varieties showed the highest enzyme
activity in both objects. At the same time, the
level of enzyme activity in the Babaev variety
was minimal in all examined variants. It is worth
noting that the ambiguity of the increase and
decrease in enzyme activity levels in callus and
leaf tissue in potatoes may not fully reflect the
dynamics of antioxidant enzyme activity under
infection conditions. Additionally, it is important
to consider the differences in the growth conditions
between callus and plants.

peroxidase (POD) activities were the lowest on the
7 dpi, while superoxide dismutase (SOD) activity
was the highest.

Earlier studies have shown that varieties with
different susceptibility exhibit different enzymatic
activities, which can serve as a marker for
ranking potatoes in breeding. The most significant
differences in physiological response were
observed in POD activity in microclones derived
from virus-resistant potato varieties, while a
decrease in activity was noted in microclones from
susceptible varieties. However, microclones from
susceptible varieties showed higher CAT activity
than other genotypes. The highest SOD activity
was observed in microclones from resistant potato
varieties compared to other genotypes [30].

Substantial differences in antioxidant enzyme
activity may reflect the importance for the adaptive
response to stress factors in potato callus [31].

When studying the influence of antioxidants
on the regenerative activity of callus regeneration
obtained from hypocotyls of Mesembryanthemum
crystallinum seedlings, differences in the activity
of CuZn-superoxide dismutase (SOD) were shown
to be comparable in all calluses, but the activity
of FeSOD and MnSOD varied depending on the
activity of photosystem II and the regenerative
potential of tissues. CAT activity was associated
with H202 concentration and depended on
cultivation conditions and the morphogenic
potential of calluses [32].

Antioxidant enzymes form a unified network
due to ROS and various phenolic substrates,
which in one enzymatic reaction can be products
of interaction and substrates for the next reaction.

The functioning of the antioxidant defense
system is based on a complex multi-stage
mechanism of action. Interactions between
antioxidant components can be diverse: additive,

112



BECTHMK HAYKM KA3AXCKOI'O ATPOTEXH/YECKOI'O MCCAEAOBATEABCKOIO YHUBEPCUTETA IMEHV C.CEVIOYAAVHA Ne 4 (119) 2023

ISSN 2710-3757, ISSN 2079-939X, CEJIbCKOXO3SIMCTBEHHBIE HAYKH

synergistic, and antagonistic, and antioxidants
themselves are diverse in structure, nature, and
functions, operating conjugately or in different
directions.

In general, the functioning of the antioxidant
defense system in cells is determined by local
and cell-wide cyclic and cascading interactions
of antioxidants. Simultaneous action of different
components of the antioxidant defense system
gives rise to unique antioxidant electron transfer
chains. Thus, the switching of electron flow may
be the reason for the correlation between CAT and
SOD activity, which may be localized in different
parts of the cell. The simultaneous operation of
individual parts of the antioxidant defense system
is the basis for forming organism resistance to the
action of ROS. Antioxidants must be continuously
synthesized and delivered to the site of their

Conclusion

Through conducted research, a discernible
association emerged between viral infection and
the antioxidant status of potatoes within in vitro
and in vivo culture, specifically focusing on callus
culture and local varieties Alliance, Ulan, Narli,
Babaev, and Tokhtar, exhibited varying activity
levels contingent upon the timing of contamination.
The dynamics of enzyme accumulation in callus
tissue displayed distinctive attributes owing to
the sterile growth conditions in contrast to the
indigenous infected potato plants. The activity
levels observed in the callus were notably an
order of magnitude higher than those in tuberous

consumption, providing antioxidant protection
determined by specific 'antioxidant structures.'

The level of intracellular antioxidants is
genetically determined. The need for the study
of antioxidant systems consisting of many
components is emphasized. However, such studies
are not widely spread.

Examples of such cascading interactions are
found in the literature. For instance, in drought-
stressed woody plants of various families, a
positive correlation was observed between SOD
activity and the activities of CAT and POD. CAT,
in turn, positively correlated with POD ([33].
Additionally, many works describe an increase
in CAT and POD activities as a result of a high
demand for neutralizing the formed hydrogen
peroxide through the superoxide dismutase
reaction [7].

plants, a phenomenon potentially elucidated by
the absence of additional environmental stressors
in the controlled in vitro environment. It is
imperative to acknowledge disparities in growth
conditions, necessitating further exploration through
additional in wvivo studies, particularly focusing
on the assessment of antioxidant activity. The
comprehensive understanding of the differences
between callus and plant reaction on viral infection
will contribute significantly to the advancement of
knowledge pertaining to the intricacies of potato
plant responses to stress factors.
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Tyiiin

Kapron (Solanum tuberosum L.) - kypiu, Ouaii »KoHe )KyrepiieH KeiliH OYKiji a1eMIe TYThIHbIIaThIH
MaHBI3/IbI aJIKa TYKbIMJIAC JaKkpul. CaHbIpayKyJiakTap, BUPyCTap, OakTepusiiap )oHe BUPOUITHI HH(EK-
LM CUSIKTHI OMOTHKAJIBIK (PaKTOpIIap KapTOIT ©CIMIITIHIH MeTa0OIM3MiHE Al TapIIBIKTAM dcep eTel JKOHE
OJNIapABIH aTalFaH cTpecc QakTopiapbiHa (HU3HOJIOTHAIBIK, OMOXHMUSIIBIK JKOHE MOJIEKYJIaJbIK Peak-
OUSJIAPBIH ©3repTei. OCIMIIKTepAiH aHTHOKCHIAHTTH (GepMenTTepiHiH (AOD) TOTBIFYy CTpecCiHIH
OeJICeHATIrT MeH BUPYCTBIK MH(pEKUIUsIIapra TO3IMAUIIK JeHIeHIepiH 3epTTey JKOHE aHbIKTAay YILUiH
ke0iHece OacTalKbl YTl HbICAaHBl PETIHJE KAITyC MOJCHHUETIH maiinamaHanel. byn 3zeprreyne AOD
OenceHauTiTiHIH TpodIIbIEpi, aTam aiTkanaa nepokcuaasza (POD), katamaza (CAT) sxoHE CymepoKCHI
mucmyTasa (SOD) - exi HbIcaHAa — KapToIl KaJulyc TiHI MEH >KeprimikTi ecimaikrepae PVX BupycsiH
KYKTBIPY KaFJalblHaa 3epTTenai. 3eprrey HoTmkenepi AOD npoduibaepi Kamiyc TiHAEpIHIE KoHE
BHPYC )KYKTBIPFaH KapTOI OCIMIIKTEePiHIH JKalbIpaKTapbIH/Ia OPTYPIIi eKeHIH KOpceTTi. ATall aifTKaH/a
POD kanyc TiHiHzeri 6enacenainik AeHreii nHOEKUUHbIH YIIiHIII KYHIHAE 6CIMAIK JKalblpaKTapblHa
kaparauaa 50% - gan xxorapbl. AO® OenceHIUTITIHIH KOFapblIay JUHAMUKACH MH(DEKIMsIIaH KeHIHT1
3-m1i KyHi JeHrei Korapeuiay jKoHE 7-IIi KyHI TOMEHJEY 3aHIbUTBIFBIH KopceTTi. SAT OenceHmimik
JICHTel1 3epTTeNTreH 0apiblK 5 copTTa MHPEKIUIAaH KeiiH 7-11i KyHre JediH cakranbl. CyTeri acKbIH
TOTBIFBIH 3AJIAJICBI3IAHABIPYAarbl Herisri ¢epmenti peringe COJl Oencenmimiri nHbEKIUsIFa AeHiH
16-42% xorapbl 60nnel. AO®D OenceHiniri KaJuryc TeH KarbIpak TiHiHIH MbicanbiHaa PVX Bupy-
CBIH KYKTBIPFaH Ke37I¢ O31H/IIK YIITire ue: MHPEKIUsIFa JeiiHri OSICCHIITIK CHIeH KanbIpaK TIHIHCH
Kaparauaa Kyprak macca 100 Gipmik/rp. a3. CoHBIMEH KaTap, €Ki 00BEKTieri OeICEHIUTIKTIH apTy CU-
nathl 9pTypui. Ochlaiiia, KapToll COPTTAPBIHBIH TO3IMALUIIK JAeHreii OOMBIHIIA TeK KaJUTyC TiHIHAET1
AO® OenceHIimiK ACHIeHiHEe HETi3/ICNTeH HaKThl TYXKBIPbIMAAP jkacay MYMKiH emec. COHIBIKTaH
CTEpHJIBIII eMec >KaFmaimapaa KeprimikTi eciMuikTepaeri AO® meHreiin MiHIETTI Typle 3epTTey
KaXerT.

Kiar ce3nep: kapron; Solanum tuberosum, aHTHOKCHIAHTTHI (PEPMEHTTED; IEPOKCHIA3a; KaTasa-
3a; CyleprepoKcuaasa.

AHTHOKCHUJIAHTHBINA CTATYC KAJLJTYCHOM KYJIbTYPbI KAPTO®EJISA
U HATUBHBIX PACTEHUM B YCJIOBUSAX BUPYCHOM MH®EKIIAU PVX
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AHHOTALIMA

Kaprodens (Solanum tuberosum L.) siBnsieTcs BaXHOW NaciICHOBOM KyJIbTypoH, MoTpediseMoit
BO BCEM MHUpE IOCJIC pHUca, MIIEHUIBl U KyKypy3bl. buotuueckue (akropsl, Takue Kak rpuObl, BUPY-
Cbl, OAKTepuN U BUPOHUIHAS MH(PEKIMs, CYLICCTBEHHO BIUSIOT Ha METa0OIM3M PACTCHUS KapTOQes
1 U3MEHSIOT ero (PU3MoJorndeckue, OMOXMMUYECKUE U MOJICKYJISIPHBIC PEaKIUU Ha 3TH CTPECCOBBIC
¢axTopsl. s u3ydeHus! ypoBHSI aKTHBHOCTH aHTHOKCHUAAHTHBIX (pepmenToB (AOD) oKuCIUTEeNBHO-
IO CTpecca pacTEHUH M BBISBICHUS YPOBHH YCTOWYHMBOCTH MPU BUPYCHBIX HHPEKIHIX 4aCTO UCIONb-
3YIOT B KQUeCTBE IEPBUYHOIO MOJIEIBHOIO 00BEKTa KaJUIyCHYIO KyJIbTypy. B nanHoMm uccnenoBanuu
n3ydeHsl npodpunu aktuBHocted AOD, B yactHoCcTH, tepokcuaassl (POD), karanassl (CAT) u cyne-
pokcuanucmyTasbl (SOD) Ha AByX 00BEKTaX — KaJUIyCHOW TKaHU KapTodessi 1 HATUBHBIX PACTCHUSX B
ycnoBusix nHpuuupoBanus supycom PVX. Pesynbrarel nccnepoBanuii nokasanu, uro npopmim AOD
Pa3nIn4aloTCs B KAUTYCHBIX TKaHAX U B JUCThSIX MHOUIUPOBAHHBIX pacTeHUH kapTodens. Tak ypoBeHb
aKTHUBHOCTHU B KayurycHOM TKanu POD Gonee uem Ha 50% Bbllie Ha TPETUH 1eHb HHPULUPOBAHUS, YEM
B JIUCTBAX pacTeHus. [JuHamuka noBeIIeHUs] akTUBHOCTH AO®d nMeeT 3aKOHOMEPHOCTD, TOBBILICHUS
YPOBHs Ha 3-uil JieHb Mociie HHPULUUPOBAHUS U MOHKEHUS K 7-My JHIO. YpoBeHb akTuBHOCTH CAT
COXpaHsUICS A0 7-ro JIHs 1ocie MHOUIMPOBAHUS Y BCEX S5-TH U3y4YeHHBIX copToB. AkTBHOCTE CO/I,
KaK OCHOBHOTO (pepMEHTa IIPH AE3aKTUBALIMU IIEPEKHCU BOAOPOAa, ObuIa BbIle HA 16-42%, ueMm 110 UH-
¢unmpoBanus. AKTUBHOCT AOD nMeeT CBOI0 3aKOHOMEPHOCTh NMPH MH(GUIMPOBaHUH BUpYcoM PVX
Ha MpUMEpPEe KATYyCHOM M JIMCTOBOW TKaHHU, TaK YPOBEHb aKTUBHOCTH A0 MH(GUIMPOBaHUs Ha Oojee,
gyeM 100 en/rp.cyxoif Macchl MEHbILIE, YEM B JINCTOBOW TKaHU. IIpH 3TOM XapakTep yBeIMUYCHUS aKTHB-
HOCTH B IByX 00BbEKTax pa3in4yHa. Takum 00pa3oM, 0OJHO3HAUHBIX BEIBOAOB I10 YPOBHIO YCTOHYNBOCTH
COPTOB KapTodessi UCX0/s TOJIBKO U3 YpOBHS akTUBHOCTH AO®D B KayuTyCHOW TKaHU celaTbh HEBO3-
MokHO. [TosToMy HEoOx0aMMO 00s13aTenbHOE N3yueHHe YpoBHS AO®D B HATUBHBIX PACTCHUSX B HECTE-
PHIBHBIX YCIOBUSIX.

KiroueBble cioBa: kaprodens; Solanum tuberosum; anTHOKCUIAHTHBIE ()ePMEHTBI; IEPOKCUAA3A;
KaTajla3a; CylepoKCHAO0KCH1a3a.
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