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Abstract. The purpose of these studies is to assess the adaptive resistance 
of the apple tree to winter stresses in terms of physiological and biochemical 
parameters, to identify the most resistant varieties for cultivation in the 
Krasnodar region. Objects of research are apple varieties of various origins: 
Orfey, Idared, Ligol, Prikubanskoe. It was found that the cryoprotective 
function of water-soluble sugars was maximally manifested in the varieties 
Orfey and Ligol, their content increased by 2.56 and 2.7 times, respectively. 
Soluble proteins made the greatest contribution to the formation of a 
protective response in Orfey and Prikubanskoye varieties in January, their 
content increased 1.8 and 1.9 times, respectively, compared to December. 
The protective function of anthocyanins was maximally manifested in 
December in the Orfey variety, in the bark of which their content increased 
by 5.6 times. Physiological and biochemical adaptation of apple varieties to 
low negative temperatures of the winter period is achieved by increasing the 
content of water-soluble sugars, proteins in anthocyanins in the bark and 
buds. According to the obtained data, the apple varieties Orfey and 
Prikubanskoye showed themselves to be more adaptive in comparison with 
other studied varieties and are recommended for cultivation in the Krasnodar 
region. 

1 Introduction 

The most important environmental factor that determines the growth and development of the 
apple tree is the climate. The soil and climatic conditions of the Krasnodar region are 
favorable for the industrial production of apple fruits with high consumer qualities, but the 
apple tree yield decreases as a result of the impact of winter stress factors, including those 
that have arisen in connection with climate change. Fluctuations of meteorological factors in 
the autumn-winter period lead to a decrease in adaptive properties, a loss of winter hardiness 
of fruit plants, including apple trees. Currently, it is important to study the physiological and 
biochemical characteristics of apple varieties of different origins in conditions of changing 
climate.  

Metabolic processes occurring in plant tissues during preparation for winter are 
associated with the accumulation of carbohydrates, proteins, phenolic and other substances 
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that have a protective regulatory action, which significantly increase the adaptive protective 
process. This process is associated with many structural, physiological, biochemical changes 
in plant cells [1-5], and with a change in the expression of a certain set of genes [6, 7].  

There is evidence that a decrease in the amount of starch and an increase the sugar content 
of various plants during the winter is associated with frost resistance [8-10]. There is evidence 
that the content of soluble proteins in plant tissues increases during the period of autumn 
hardening. In the pre-winter period, specific biochemical reactions are activated in plants, 
newly synthesized proteins, enzymes, and isozymes appear, allowing resistant varieties to 
cope with unfavorable temperature conditions [11, 12]. It has been shown that the synthesis 
of proteins, dehydrins, increases during hardening and, possibly, they prevent the formation 
of ice in plant cells [13]. The accumulation of secondary metabolites, in particular 
anthocyanins, in the cover tissues of shoots of various woody plants correlates with resistance 
to low negative temperatures [14]. Thus, the above parameters can be considered as criteria 
for the adaptation assessment of the apple tree to the stress factors of the winter period.  

The purpose of this work is to assess the adaptive resistance of the apple tree to the stress 
factors of the winter period in terms of physiological and biochemical parameters, to identify 
the most resistant varieties for cultivation in the Krasnodar region and for use in breeding. 

2 Materials and methods 
Objects – 4 varieties of apple trees:  

- Orfey is a winter ripening variety of NCFSCHVW breeding, differs in restrained growth, 
immunity to scab, frost resistance, drought resistance, early maturity. The variety on the 
rootstock M9 begins to bear fruit on second year of planting. Fruits reach a mass of 220 g.  

- Idared – a winter ripening variety of American breeding. It is characterized by medium 
winter hardiness, high drought resistance, not resistant to scab. Variety enters fruiting on 
medium-sized rootstocks on fifth-sixth year of planting. Fruiting is regular. Idared variety is 
the control.  

- Ligol – a winter ripening variety of Polish breeding, which differs in high productivity, 
early fruiting, sufficient winter hardiness, resistance against scab, prone to periodicity of 
fruiting.  

- Prikubanskoye – a winter ripening variety of NCFSCHVW breeding. Drought resistance 
is high, frost resistance is above average, relatively resistant to scab. The variety begins 
fruiting on third-fourth year of planting. Fruits reach a weight of 210-250 g.  

The novelty of the study is as follows: the Orfey variety is studied for the first time in 
terms of physiological and biochemical parameters, for other varieties, these studies will help 
to identify trends in the implementation of the adaptive capabilities of varieties in a changing 
climate. 

The indicators of the water regime were determined by the gravimetric method and were 
expressed in % of the wet weight. The content of soluble sugars was determined using an 
anthrone reagent according to the method [15]. The content of soluble proteins was 
determined using a Unico 2800 spectrophotometer [16]. All studies were carried out on the 
instrumentation of the Center of Collective Using of Technological Equipment in the 
following areas: genomic and post-genomic technologies, physiological, biochemical and 
microbiological studies; soil, agrochemical and ecotoxicological research; food safety. 

3 Results and discussion 
In autumn, a decrease in the water content of the tissues of apple tree shoots is due to a 
decrease in the activity of metabolic processes in connection with the entry into winter 
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dormancy. In our studies in November, differences in the water content of the buds (total 
water content) of various apple varieties were revealed. The total water content varied from 
34.11 % for the Idared variety to 45.09 % for the Orfey variety. No significant changes in the 
total water content in the buds of the studied apple varieties were observed during the winter. 
Stable values of the water content of the buds were maintained during the winter period.  

Of great importance in the resistance of plants to unfavorable winter conditions is the 
ratio between the fractions of water (free and bound), which determines the degree of its 
mobility within the cell. In the process of hardening, the content of the bound form of water 
increases, which makes it resistant to winter stresses. High values of the ratio of bound to 
free forms of water indicate an increased resistance of the variety.  

In our studies in November, the highest ratio of bound and free forms of water (3.00) was 
observed in variety Ligol, in other varieties it was 2.31-2.56. In December-February, in the 
Ligol variety, it almost did not change and amounted to 3.32-3.56. For the rest of the studied 
varieties, this coefficient was higher during the winter and had values of 4.01-4.58. The 
highest coefficients of the ratio of bound and free water fractions (4.56-4.58), indicating 
resistance in winter, were observed in the varieties Orfey, Prikubanskoe (Fig. 1).  

 

 
Fig. 1. The ratio of bound and free water in apple buds in the autumn-winter period 2018-2021 
(average values). LSD 0.5: November – 1.45; December – 2.27; January – 2.51; February – 2.17. 

It is known that sugars have the properties of cryoprotectant, and an increase in their 
content in plants is associated with frost resistance. Sugars protect proteins from denaturation 
during dehydration and also prevent ice formation inside cells. There is evidence that the 
hydrolysis of starch and the accumulation of water-soluble sugars (sucrose, glucose, fructose) 
in the cytoplasm under the action of low temperatures increases in frost-resistant varieties of 
woody and herbaceous plants [8-10]. In our studies, in the pre-winter period, in November, 
the smallest amount of water-soluble sugars was accumulated in the Ligol variety – 5.52 
mg/g dry weight, in other varieties it was 8.31-12.47 mg/g dry weight (Fig. 2).  
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Fig. 2. Dynamics of the content of water-soluble sugars in the bark of an apple tree in the autumn-
winter period 2018-2021 (average values). LSD 0.5: November – 1.44; December – 2.71; January – 
2.23; February – 1.49 

In December, as a result of starch hydrolysis, their content increased, with the maximum 
in Orfey variety – 2.56 times and in Ligol variety – 2.7 times. In January, the content of 
water-soluble sugars increased in comparison with December by 1.1-1.6 times, depending on 
the variety; in February, it decreased for all varieties by 1.01-1.3 times, depending on the 
variety. Consequently, the cryoprotectant function of sugars was maximally manifested in all 
varieties in December. 

When studying winter hardiness, special attention is paid to proteins due to their 
hydrophilic properties. In our studies, it was found that by November all studied apple 
varieties accumulated from 4.36 to 4.90 mg/g dry weight of soluble proteins, depending on 
the variety (Fig. 3). 

 

 
Fig. 3. Dynamics of the content of soluble proteins in apple buds in the autumn-winter period 2018-
2021 (average values). LSD 0.5: November – 4.92; December – 2.22; January – 4.65; February – 5.33. 

In December, due to a decrease in temperature, the protein content of the Ligol variety 
increased by 1.5 times, and in the other varieties – by 1.1-1.2 times. In the following months 
of the winter period, the protein content increased in all varieties in response to stress by 1.3-
1.9 times, depending on the variety. Low-molecular-weight protein compounds made the 
greatest contribution to the formation of the protective response in the Orfey and 
Prikubanskoye varieties in January, when their content increased 1.8 and 1.9 times, 
respectively, compared to December. It is known that anthocyanins are associated with an 
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increase in resistance plants for cooling and freezing, the integumentary tissues of some 
winter-hardy plants contain high concentrations of anthocyanins. In addition to this function, 
anthocyanins and chalcones are components of the antioxidant defense, protecting the body 
from oxidative stress [14]. In our studies in November, the content of anthocyanins in the 
bark of the studied apple varieties was 4.5-7.3 c.u. (fig. 4). 

 

 
Fig. 4. Dynamics of the content of anthocyanins in the bark of an apple tree in the autumn-winter 
period 2018-2021 (average values). LSD 0.5: November - 21.92; December - 14.13; January - 12.89; 
February - 16.62. 

During December and January, the content of anthocyanins increased significantly in 
response to low temperatures: in December, 3.0-5.6 times; in January – 1.07-1.8 times, 
depending on the variety. The protective function of anthocyanins was most pronounced in 
the Orfey variety in December, where an increase in their content by 5.6 times was observed 
in comparison with November. In February, the content of anthocyanins in the bark of all 
studied varieties decreased slightly – by 1.07-1.11 times, due to the termination of their 
synthesis. 

4. Conclusion 

The research of apple varieties on the parameters of the water regime, the content of water-
soluble sugars, soluble proteins, anthocyanins was carried out during the winter periods of 
2018-2021. It was revealed that the studied apple varieties in the unstable climate of southern 
Russia implement a similar mechanism for the formation of winter hardiness, which has 
quantitative differences in the content of some metabolites in the pre-winter and winter 
periods. Physiological and biochemical adaptation of apple varieties to the low temperatures 
of the winter period is achieved by increasing the fraction of bound water in the total water 
content, increasing the content of water-soluble sugars and proteins in anthocyanins in 
hibernating organs. It was found that the apple varieties Orfey and Prikubanskoye proved to 
be more adaptive in comparison with other studied varieties in the conditions of the pre-
winter and winter periods and are recommended for cultivation in the Krasnodar region. 
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