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Abstract

Potato the tubers of which acquired high constitutional defense mechanisms during growth (e.g. increasing the strength of cell
walls and the Young’s modulus of plant tissues in compression) is shown to be the most suitable for long-term storage in cooled
condition. Changes in the energy of tubers tissue cells should ensure economical use of nutrients accumulated during the growth and
minimum oxygen consumption by respiration during storage. These results at molecular and cellular level can be achieved by pre-
sowing treatment of seed potato by amino acid preparation obtained by acidic hydrolysis of collagen. Given that collagen contains
glycine amino acid in the highest quantity glycine is the main active component of collagen hydrolysate. Treatment by pure glycine
is more effective than collagen preparation treatment. Along with the increasing protection of plants and tubers by constitutional
mechanisms a yield increase takes place by 30% on average. Increased yield, accumulation of nutrients and the various energetic
processes during vegetation period occurs due to more powerful photosynthetic apparatus in leaves of plants being subjected to
glycine treatment. In light harvesting complexes of the photosynthetic apparatus in potato leaves the content of chlorophyll and ca-
rotenoids increases. Carotenoids serve not only as an additional light harvesting pigment, but also protect plants from photodamage
and oxidative stress.
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Introduction

Potatoes are one of the most important plant crops [1], the tubers of which have a high nutritional value [2]. Taking into account the
large volumes of potato production in Russia, reducing losses during storage is an important economic and economic task. The processes
occurring during storage of plant products and their longevity are influenced by the activity of enzymes, which can change significantly
during storage. Among the enzymes, terminal oxidases (cytochrome oxidase, polyphenol oxidase, ascorbate oxidase, etc.), which differ
in their properties and specificity of participation in the protective reactions of plant organisms, are of great importance. In this regard,
the problem arises of the dependence of the losses of chilled potatoes, associated with both vital activity and microbial damage during
storage, on the activity of certain oxidases.

Problem statement based on the foregoing, the task arose to investigate the duration, during the entire period of refrigerated storage
and the growing season of plants, the activation of certain terminal oxidases in potato tubers under the influence of biotic or abiotic
factors, as well as the effect of this activity on yield losses during storage and formation of tubers during growth. In this case, it is believed

that oxidases are activated by biotic or abiotic causes, the elimination of which normalizes the activity of oxidases.
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Investigation of the problem: Oxidation products (quinones, etc.), the concentration of which increases in plant tissue with
prolonged and active course of processes catalyzed by non-mitochondrial oxidases, disorganize intracellular processes. Disturbances in
the functioning of plant cells can be very significant: there is a weakening of immunity, and cell death is possible. The long-term activity
of oxidative processes, including during storage of plant products, is associated with two main causes of cell degradation: First, non-
mitochondrial oxidative processes are not associated with the synthesis of ATP, while the synthesis of substances that undergo oxidation,

for example, phenols, requires constant and significant energy consumption.

Therefore, the role of the polyphenol-polyphenol oxidase system in the normal respiration of plants has long been questioned due to
the lack of conjugation with the synthesis of ATP [3]. Itis also necessary to bear in mind the darkening that occurs during the active state
of this enzyme and worsens the presentation of the product. At the same time, the short-term activity of polyphenol oxidase in extreme
situations, for example, when healing wounds received by tubers during harvesting or transportation, undoubtedly has a great protective

value.

To activate polyphenol oxidase, an increased oxygen content in the tissues is required. Its influx into damaged tissues occurs through
wounds received by potato tubers. After their healing, the flow of oxygen slows down, and the activity of polyphenol oxidase decreases.
The prolonged course of oxidative processes deprives the necessary resources of various energy-dependent vital processes in cells. The
most important of them include, for example, the creation and maintenance of membrane potential, the presence of which is directly

related to the living state of cells.

Energy-dependent processes also include renewal processes in cells. So, enzyme molecules, including polyphenol oxidase, have a
certain time of active state, after which the molecules lose their activity and must be replaced by new, active molecules. There is no
doubt that any renewal processes in cells require energy expenditure. Another group of extremely necessary energy-dependent processes
in cells constitutes the transport of substances inside cells and the maintenance of the required concentrations of compounds in the
intracellular compartments. Secondly, an increase in the concentration of oxidized compounds will change the redox potential of the cell,

which will affect the conditions for the functioning of all processes occurring in it.

The activity of enzymes will change, including those involved in the production of energy in cells. As a result, the transport flows and
concentration gradients of substances characteristic of the homeostatic state between the cell compartments will change. It is easy to see
that two groups of causes that cause cell degradation during prolonged activity of oxidative processes not associated with the formation

of ATP are closely interrelated.

The question arises, how, in order to preserve their vital activity, cells must respond to prolonged activation of such oxidative processes
with prolonged external biotic or abiotic action? Of course, there can be only one cellular response - an increase in the synthesis of ATP
in cells. For this, in turn, the intensity of respiration must increase, which will lead to an accelerated loss of substances consumed in this

process, primarily carbohydrates.

However, as a result of intensive evaporation of water, a deceptive effect of increasing the dry matter content and nutritional value of
potatoes can arise. The indicated cellular response can be effective only if the conjugation of respiration and oxidative phosphorylation
is maintained, as well as in the absence of intensification of anaerobic processes in plant cells. But even with the most favorable outcome
with the preservation of the conjugation of respiration and oxidative phosphorylation, an increase in the intensity of respiration will
necessarily cause an increased release of carbon dioxide and physiological heat. The latter will negatively affect the storage of potatoes

and their presentation.

Physiological heat release stimulates the evaporation of water from plant products. It accounts for about 80% of the mass loss of plant
products associated with life activity. Respiration intensification due to external biotic or abiotic effects leads to an increase in water

evaporation, which increases the set of components that form dry matter, and this despite an increase in carbohydrate losses associated
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with an increase in respiration intensity. In such a situation, it is of particular importance to determine the natural loss of potato mass and

accompanying measurements.

Due to the evaporation of water in potatoes, the content of starch, ascorbic acid, protopectin and other components increases. As a
result, there will be a deceptive impression of an increase in the biological (increase in the content of vitamin C), food (increase in the
content of starch) value of potatoes and an improvement in its preservation, and, consequently, an increase in the resistance of tubers to

the action of microorganisms (an increase in the content of protopectin).

Turgor and an increase in the humidity of the air environment inside the layer of potato tubers, which can lead to sweating of the
tubers. Due to an increase in the humidity of the environment in the potato layer, the probability of condensation of water increases, the

drops of which on the surface of the tubers create the environment necessary for the development of phytopathogenic microorganisms.

In turn, an increase in temperature in the thickness of a stack of potatoes due to self-heating creates favorable conditions for the
development of phytopathogenic microorganisms, a loss of turgor reduces the resistance of potato tubers to their action. Loss of turgor
will also worsen the external presentation of plant products. At the same time, it is well known that on the dry and turgid surface of the
tuber, the emergence of a focus of infection is practically not observed, drying is especially important, which hinders or prevents the

introduction of microorganisms [4].

Potatoes, in comparison with other types of plant products, are distinguished by the highest sensitivity to increased CO, concentration
in the ambient air, the level of which should not exceed 1% [4]. With an increase in the maximum permissible concentration of very
sensitive to the action of CO, species of plant products, resistance to damage by phytopathogenic microorganisms decreases, and when

water condensate falls on the surface of the tubers, specific acid burns and other damage are formed.

As already noted, physiological heat release causes self-heating of potatoes, activating the tuber process. The keeping quality of
potatoes is determined by the depth and duration of the dormant period, during which the intensity of respiration and the activity of
redox enzymes are low [5]. Therefore, if, under an external biotic or abiotic effect, the intensity of respiration and the activity of oxidative
enzymes (peroxidase, polyphenol oxidase, etc.) during the dormant period in potatoes remain at a higher level in comparison with the

control variant, this indicates that the depth of dormancy decreases, and its the duration is shrinking.

Naturally, a reduction in the duration of a biologically determined dormant period will reduce the persistence of potatoes. Thus,
intensification of respiration stimulates a whole complex of negative changes in potatoes, as a result of which the likelihood of its damage
by phytopathogenic microorganisms increases, view. As a result, the duration of storage and the possibility of subsequent sale of potatoes
are reduced. The ongoing changes create additional difficulties in organizing storage. To prevent them, it is necessary to ensure that excess

carbon dioxide, moisture and heat are removed from the potato stack. This can be achieved by increasing ventilation.

The intensification of respiration makes the removal of heat, carbon dioxide and regulation of air humidity during ventilation more
difficult and time consuming. Increasing active ventilation inevitably leads to increased storage costs. At the same time, active ventilation
allows the supply of exogenous growth-regulating substances to the layer of stored products [4], which eliminates the need to develop,

create and use any additional mechanisms for processing potatoes.

Activity of oxidative enzymes (peroxidase, polyphenol oxidase, etc.). The tissues in which it is observed are characterized as tumor in
comparison with normal tissues [6]. Consequently, if the activation of the combination of the above enzymes is characteristic of tumor
tissues, then the external influence providing such activation, in essence, transfers normal tissue by biochemical properties to the category
of tumor ones. It should be emphasized that the continuous activity of polyphenol oxidase is an anomaly leading to the energy depletion

of plant organisms.
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This enzyme is characterized by activation during aging of tissues. Thus, prolonged activity of oxidative non-mitochondrial enzymes,
increased respiration and energy metabolism negatively affect the keeping quality and preservation of potatoes. It is possible to prevent
external influences that cause such reactions in potatoes by strengthening constitutional defense mechanisms, including the formation
of certain morphological features in tubers and the synthesis of antibiotic substances (phenols, etc.) [7]. Phenols also belong to antibiotic

substances, however, polyphenol oxidase is not activated, except for the period when tubers may be injured.

Solution to the problem: The formation of constitutional defense mechanisms occurs during the growth of tubers. The activation of
polyphenol oxidase during this period interferes with the formation of the potato crop. It is known that the ability to tuberize in potatoes

is associated with a weak activity of polyphenol oxidase [8]. A similar situation is observed in root crops.

For example, in carrots, the increase in the crude substance in normal tissue occurs with a decreased activity of polyphenol oxidase
more intensively than in tissue with an increased activity of this enzyme [6]. Consequently, this is a universal and not a specific feature
of the effect of polyphenol oxidase. Its activity, due to the lack of conjugation with the synthesis of ATP and other previously indicated

reasons, cannot contribute to the formation of the crop.

Unless we take into account a special group of nitrogen-fixing microorganisms, plants assimilate nitrates by roots and leaves. The
absorption of nitrates is a regenerative process. The reactions catalyzed by oxidases are essentially a reverse oxidation process. Therefore,
in a situation where polyphenol oxidase and other oxidative enzymes are activated, it is difficult to expect the reduction of nitrates and a

decrease in their content in the storage organs of plants.

Detoxification of heavy metals in plant tissues occurs as a result of their binding into stable chelate complexes. Reduced glutathione
has the ability to form stable complexes. As in the case of nitrates, the activation of oxidative enzymes and the maintenance of glutathione
in a reduced state are opposite processes. It is obvious that the binding of heavy metals into complex compounds under conditions of
activation of oxidative processes is difficult. For example, when polyphenol oxidase is activated, the formation of quinones, which are

capable of oxidizing glutathione, increases.

Thus, an obstacle arises for the manifestation of the properties of the ligand by glutathione. Thus, not only the production of ecologically
safe plant products with a reduced content of nitrates and other toxic components, but also the production of the plant products itself

when the enzyme polyphenol oxidase is activated, which is not conjugated with ATP synthesis, is a difficult problem to solve.

Strengthening constitutional defense mechanisms in potato tubers, which is an energy-consuming process (for example, the synthesis
of lipid components of integumentary tissues), when oxidative processes are activated, also seems unlikely. Their enhancement can be

provided by changes in cellular metabolism, which can be carried out by pre-sowing treatment of potato tubers with glycine.

Glycine is capable of stimulating the growth and development of plants, the formation of their storage organs. An action similar to
glycine can also be exerted by a product obtained by acid hydrolysis of collagen [9]. This is due to the fact that the share of glycine in
collagen accounts for the largest part of the amino acid composition, and also due to the fact that glycine, during acid hydrolysis of

collagen, is least exposed to the destructive effects of high temperature and acidic environment of all its constituent amino acids.

There are also other reasons. In terms of efficiency, pure glycine significantly surpasses acidic collagen hydrolyzate. Strengthening of
permanently acting protective mechanisms [10], an increase in productivity, stress resistance and adaptive capabilities under the action
of glycine or a glycine-containing product of acid hydrolysis of collagen occurs with plants that have aboveground fruiting parts [11] and
with underground fruiting organs [12]. Autumn processing with glycine increases the resistance of perennial plants in winter to low
negative temperatures [13]. A deeper dormant state of plants during the long period [14] increases productivity, and the harvested crop

is better safety.
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The depth of dormancy of plants in winter directly affects the formation of storage organs during the growth of protective mechanisms
that minimize yield losses during storage. Under the action of glycine, productivity increases, stress resistance increases and the adaptive

capacity of potatoes is enhanced [9], including the formation of wound periderm of tubers [15].

The stimulating effect of glycine has been confirmed by tests on potato varieties with different ripening periods. The mechanism
of the stimulating action is realized through the breakdown of excess exogenous glycine in plant cells, as a result of which energy and
metabolic flows in them change, which determine both the formation of generative organs and subsequent refrigerated storage after
separation from the parent plant As a result of an increase in the synthetic capabilities of plant organisms, constantly acting protective
mechanisms are enhanced, due to the creation of conditions for the energy-intensive synthesis of substances that perform protective

functions, including membrane lipids, lipid components of the epidermis, phenolic compounds and others.

Under the influence of exogenous glycine, metabolic processes in cells change in such a way that the synthesis of endogenous auxin is
stimulated, which affects the defense mechanisms. Long-term storage becomes possible due to the economical consumption of nutrients
and minimal oxygen consumption. The active state of cytochrome oxidase and the reduction of electron leaks from the electron transport
chain of mitochondria ensure the flow of energy-dependent processes in cells and prevent the formation of free radicals, which together

creates conditions for long-term and normal vital activity of cells of plant storage organs during storage.
Conclusion

The analysis made it possible to establish that in the course of formation in potato tubers, constitutional defense mechanisms should
be strengthened, ensuring the long-term storage and cooling and minimization of losses from microbial damage. The optimal ratio
between dichotomous pentose phosphate pathways of respiration arises under the influence of the effective concentration of glycine,
which creates conditions for the formation of all the necessary metabolites used in the synthetic processes of plant tissues. Under the
influence of glycine, changes also occur in the energetics of cells, consisting in an increase in their energy potential. The growth of the
energy potential between the cytokine in favor of the latter, and in reducing the leakage of electrons from the electron transport chain
of mitochondria due to the reduction in the content of oxidized forms of compounds that are potential acceptors of electrons. Activation
of cytochrome oxidase is caused by microstress occurring under the action of exogenous glycine. This approach to solving the most
important problem will allow to establish long-term storage of potatoes, and with minimal losses you will be different high quality and

environmental safety.
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