
INTRODUCTION

In Russia, over 70% of the area is situated in zones that are
characterized by extreme cold and extremely dry climate.
Irregular factors of the environment significantly reduce the
productivity of agricultural crops. Weather instability in
winter and during the vegetation period results in a need to
determine the mechanisms and structures of adaptive reac-
tions that affect performance of biological components of
agrobiocenoses and to study fruit plant adaptation. A basic
adaptation index of plants is their productivity, and increase
of productivity indicates ecological resistance to unfavour-
able soil-climatic and environmental conditions. The combi-
nation of all necessary adaptation traits needs to be provided
in a cultivar at a maximum level (Æó÷åíêî, 2001). Lately,
especially in the middle zone of Russia, apple yields have
been distinctly reduced, which has led to economic losses
(Ãóäêîâñêèé è äð., 2005).

Horticulture in a cool temperate climate is a hazardous and
power-intensive industry, since its efficiency mostly de-
pends on abiotic factors of the environment (droughts, early
frosts, low critical temperatures, thaws, spring frosts and a
short vegetation period). Fruit plants are constantly affected
by a wide range of stresses. Stresses affect metabolic pro-
cesses and functional activity and, as a result, yield.

The most important index is considered to be tree winter
hardiness, since in severe winters trees of many cultivars

are heavily damaged and even perish. A field method of
testing is widely used in order to estimate the winter hardi-
ness of different fruit crop cultivars. This method allows va-
riety assessment in different environmental conditions.
Winter hardiness assessment may be accelerated by simula-
tion of damaging factors in controlled conditions according
to a programme that considers multicomponent character of
traits (Forsline, 1983; Coleman and Estabrooks, 1985;
Òþðèíà è äð., 1999; Gelvonauskis et al., 2000; ßðìîëè÷ è

äð., 2008).

Potential winter hardiness in fruit plants is associated with
their preparation for hibernation and reaction to unfavour-
able factors of the environment. High winter hardiness of a
genotype is formed stage-by-stage: (1) increase after growth
termination, (2) transition to the condition of dormancy and
(3) low positive temperature hardening. Tree preparation for
the hibernation is associated with starch hydrolysis and ac-
cumulation of soluble sugars, including sucrose. This has
been confirmed by studies on mono- and disaccharide pro-
tective functions in relation to protein and lipid complexes
(Ñåðãååâà, 1971; Ïî÷èíîê, 1983; Êîëóïàåâ and Òðóíîâà,

1992; Zhu Liwu et al., 2002; Áèðþê, 2004; Íåíüêî è äð.,

2010).

A complex of quantitative and qualitative indices, which
characterize adaptive potential of plants (phenolic com-
pounds, anthocyans, cyanidins, carotenoids etc.), allows to
assess resistance of varieties to stress (Åñüêèí, 1960;
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Data on the reaction of apple cultivars to unfavorable autumn–winter conditions were analysed
and summarised. New scab resistant apple cultivars (gene Vf) obtained from the hybridisation of
local adapted varieties with a donor of scab immunity also displayed hardiness to unfavourable
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and the possibility of preliminary prediction of winter hardiness according to some indicators of
the physiological state of tissues in wintering trees were found. In all apple cultivars, increase of
the concentrations of sucrose, anthocyanin and cyanidin was noted during the autumn–winter pe-
riod, but in winter-hardy cultivars this process was more intensive; the amount of cyanidin in the
bark of shoots was 6–8 times higher in comparison with non-winter-hardy cultivars. Higher water
loss in non-winter-hardy cultivars was observed under conditions of extreme temperatures, which
can lead to significant freezing and sunburns late in winter. In winter-hardy cultivars, peroxidase
activity decreased in winter, while in the non-winter-hardy cultivars it remains high, due to incom-
plete hardening of tissues.
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Áîãîìàç è Êîðøóê, 1962; Êîýí, 1986; Ëåîí÷åíêî è

Õàíèíà, 1988; Öóêàíîâà, 2001; Wang and Zwang, 2001;
Leng et al., 2003; Ãîëûøêèíà è äð., 2011; Òðóòíåâà,
2011). A role of phenolic compounds in the hardiness of
plants has been shown: under lower temperatures phenolic
compound concentrations in plant tissues increases
(Óïàäûøåâ, 2008). Significant increase of ascorbic acid
content in apple tissues promotes a drop in intensity of free
radical processes in cell membranes and improves their re-
sistance (Wang and Faust, 1994; Ãóäêîâñêèé è äð., 2005;

Õàóñòîâè÷ è Ïîòàïîâ, 2007; Íåíüêî è äð., 2008).

Change in peroxidase and isoperoxidase activity of plants
exposed to a cold stress or pathogen has been shown in the
reports of many authors (Ëåâèòåñ, 1986; Wu and Zhang,
1990; Êàðòàøîâà è äð., 2000; Kozlovskaya and Biryuk,
2003; Òðóíîâà, 2007; Guy et al., 2008; Ãîëûøêèíà è äð.,
2010).

Physiological and biochemical changes in tissues of fruit
plants in the period of preparation for winter significantly
determine tree winter hardiness. At present, it is possibile
to predict different characteristics of a fruit tree according to
physiological and biochemical parameters (Äîðîøåíêî,

2000; Äîðîøåíêî è äð., 2005; Íåíüêî è äð., 2008;

Ãîëûøêèíà è äð., 2011). However, the mechanisms of me-
tabolism regulation under extreme conditions has not been
studied sufficiently.

Application of physiological and biochemical methods in
diagnostics can provide accelerated assessment of geno-
types according to their hardiness to winter stresses. The re-
liability of the assessment and prediction of apple cultivar
hardiness to unfavourable winter conditions can be in-
creased by application of a complex of methods combining
field observations with laboratory estimation by modelling
damage factors and use of physiological and biochemical
methods.

Winter-hardy apple cultivars with high stable yields of
high-quality fruit are necessary for modern intensive or-
chards. Early diagnostics of winter hardiness along with
field estimation could allow to accelerate the testing and in-
troduction of novel promising varieties.

The aim of this work was to assess apple cultivars for win-
ter hardiness in the field and identify physiological and bio-
chemical parametres of apple resistance to unfavourable
factors in the autumn–winter period.

MATERIAL AND METHODS

The investigation was carried out at the All Russian Re-
search Institute of Fruit Crop Breeding in plots of apple va-
riety testing. Fruit tree winter hardiness was studied in field
conditions in 1990–2012 according to common methods
of variety testing (Ëîáàíîâ, 1973). Study of flower hardi-
ness to spring frost, along with field controls, were also car-
ried out in laboratory conditions by simulating freezing
in a Temperature/Humidity Cycle Chamber “ESPEC”

PSL-2KPN according to methods of Tyurina (Òþðèíà è

äð., 1978) in 2009–2012.

Physiological and biochemical diagnostic methods for ac-
celerated genotype assessment were used for the identifica-
tion of adaptation mechanisms of apple cultivars in condi-
tions of multiple stresses, as well as to investigate the
possibilities of predicting cultivar hardiness to unfavourable
winter conditions. Accumulation of reserve substances in
vegetative organs during autumn-winter was studied for the
identification of quantitative differences and accumulation
behaviour in cultivars with different winter hardiness.

One-year-old shoots of standard varieties with different
winter hardiness were taken for this study: (1) winter hardy
cultivars bred at the Institute: ‘Imrus’, ‘Rozhdestvenskoye’,
‘Sinap Orlovsky’, ‘Svezhest’, ‘Yubilyar’ and old cultivar
‘Antonovka Obyknovennaya’; (2) non-winter-hardy West-
European cultivar ‘Priam’ for the purpose of comparison.
Determination of biochemical composition was carried out
in the autumn-winter periods of 2009–2012: carbohydrate
(starch, sugars) and phenolic compounds (anthocyan,
cyanidin and catechin) concentrations, and activity of the
enzymes peroxidase and polyphenoloxidase. The following
biochemical methods were used. Starch in shoot tissues was
identified by colorimeter method, as described by Pochinok
(Ïî÷èíîê, 1976). Optic density was measured on a photo-
electric colorimeter (610–660 nm). Starch concentration
was determined using a calibration curve, and expressed as
% of raw weight of substance. Phenolic compound
(anthocyan and catechin) concentrations were determined
by colorimeter method, as described by Ermakov (Åðìàêîâ,
1987). Cyanidin content was determined at wavelength
535 nm by a spectrophotometry method developed by
Leonchenko and colleagues (Ëåîí÷åíêî è äð., 2007) with
our modification (Ãîëûøêèíà è äð., 2010), including
centrifugation with an extractive up to five times (3500–
5000 rpm, centrifuge Jouan M1812) till full discoloration,
when cyanidin transforms into a coloured cation form.
Spectral characteristics of the extracted pigment were made
on a spectrophotometer “Smart Spec Plus” at 535 nm
(cyanidin-3-galactoside and cyanidin-3-arabinoside).

The isoenzyme composition of peroxidase in cultivars with
different levels of winter hardiness was determined in freez-
ing apple leaves (Êîçëîâñêàÿ è äð., 2005).

The activity of the isozyme system (peroxidase and poly-
phenoloxidase, expressed as Em-units of extinction) was
measured by a spectrophotometry method (590 and 430
nm), as described by Ermakov (Åðìàêîâ, 1987). The analy-
ses were made in two biological and two analytical replica-
tions.

Flower and ovary resistance to spring frost and regenerative
ability of tissues are also among the most important charac-
teristics of a cultivar (Êåììåð è Øóëüö, 1958; Ñîëîâüåâà,

1967; Ëèõîíîñ, 1983).
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Significant differences in experimental data were deter-
mined by analysis of variance, according to Dospekhov
(Äîñïåõîâ, 1973).

RESULTS

Long-term study of the winter-hardiness of a large apple va-
riety pool in field conditions allowed to classify the
cultivars into groups according to their winter-hardiness.
The majority of the studied cultivars of West European and
American origin, including scab immune apple cultivars,
demonstrated weak tolerance to low winter temperatures in
the conditions of the Orel region, and therefore, they cannot
be grown in the middle zone of Russia.

High winter-hardiness was observed in old native varieties:
‘Arkad Zholty’, ‘Grushovka Moskovskaya’, ‘Korichnoye
Polosatoye’, ‘Korobovka’, ‘Krasnoye Letneye’, ‘Popovka’
and ‘Skryzhapel’. The new cultivars developed at our Insti-
tute can also successfully tolerate unfavourable conditions
of winter.

During the severe winter of 2005/06, resistance at the level
of that in ‘Antonovka Obyknovennaya’ was observed for
the following apple cultivars: ‘Augusta’, ‘Orlik’, ‘Orlov-
skoye Polosatoye’, ‘Sinap Orlovsky’, ‘Veteran’, ‘Kulikov-
skoye’, ‘Pamyat Voinu’, ‘Orlinka’, ‘Orlovim’, ‘Vita’,
‘Orlovskaya Zarya’ and ‘Nadiozhnoye’.

New scab resistant apple cultivars (gene Vf) obtained from
the hybridisation of local adapted varieties with a donor of
scab immunity also displayed resistance to unfavourable
winter conditions: ‘Imrus’, ‘Bolotovskoye’, ‘Svezhest’,
‘Venyaminovskoye’, ‘Orlovskoye Polesye’, ‘Solnyshko’,
‘Yablochny Spas’ and ‘Rozhdestvenskoye’. The field ex-
periment data was consistent with the results of simulating
artificial freezing in chambers and with investigations of
other authors (Ñóõîöêèé, 2005; Ñàâåëüåâ è äð., 2009;

Åñè÷åâ, 2010).

Repeated light frosts during flowering caused much damage
in the orchard. Damage caused by low temperatures largely
depended on the extent of blossoming. It was found that a
basipetal type of apple inflorescences was associated with
protection of flower components in unopened buds. In
1999, for example, the frosts damaged 90–100% of open
flowers in early-blooming cultivars, but pistils of the culti-
vars with unopened buds remained undamaged.

Artificial freezing of the blossoms and buds with different
extent of disclosure, which modelled damage in the spring
period, the cultivar reaction to lower temperature during
blooming was shown.

According to some reports, the critical temperature for ap-
ple trees during blossoming is considered to be from –1.7 to
–5 oC (Loewel, 1950; Ëèõîíîñ, 1983). In our conditions,
sharp differences in loss of flowers and buds were observed
with temperature lower than –3.5 oC. Taking into account
the flower and bud damage with this temperature, the fol-

lowing cultivars were considered to be resistant to frost
during blossoming: ‘Antonovka Obyknovennaya’, ‘Vita’,
‘Zhelannoye’, ‘Zaryanka’, ‘Kandil Orlovsky’, ‘Kulikov-
skoye’, ‘Kurnakovskoye’, ‘Papirovka’ (‘White Transpar-
ent’) and ‘Stroevskoye’ (no more than 25% of the flowers
and buds were damaged). The weakest resistance of flowers
and buds to low temperature was observed in the triploid
cultivars ‘Pamyat Semakinu’, ‘Nizkorosloye’, ‘Pamyat'
Hitrovo’ and ‘Yubilyar’ (Fig. 1).

Cultivar resistance to unfavourable winter conditions was
formed gradually, and increased after growth cessation, start
of dormancy and low temperature hardening. In apple trees,
during hardening by low temperatures in autumn there was
an accumulation carbohydrates, proteins and polyphenols,
an adaptation for over-wintering. Reactions of genotypes to
the environmental conditions during the phases of develop-
ment and biological processes determining the degree of ad-
aptation, were not identical for cultivars. In autumn, win-
ter-hardy cultivars ‘Antonovka Obyknovennaya’, ‘Imrus’,
‘Svezhest’ and others had high accumulation of starch in
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Fig. 1. Damage to flowers and buds of summer (a) and autumn-winter (b)
apple cultivars, %, 2010.



shoots (up to 3% on raw weight), followed by intensive hy-
drolysis. In November and December starch hydrolysis pro-
ceeded most actively. During that period sugar concentra-
tion in apple shoots increased significantly; in winter-hardy
cultivars it remained at a high level for the whole winter
(Fig. 2). Late in February, the synthesis of starch was re-
newed. This process continued until April, and winter-hardy
cultivars had higher rates of synthesis.

During the period of hardening the qualitative composition
of sugars in apple shoots changed: increase of concentra-
tions of oligosaccharide, including sucrose, which performs
a protective role in the winter-hardiness of plants. Also, wa-
ter content of tissues and peroxidase activity decreased. In
winter months, the sucrose concentration in one-year-old
apple shoots of winter-hardy cultivars was higher than in
the shoots of the non-winter-hardy cultivar ‘Priam’. In-
creased concentration of sucrose was found in one-year-old
shoots (especially in the bark) of the following cultivars:
‘Antonovka Obyknovennaya’, ‘Imrus’, ‘Svezhest’, ‘Rozh-
destvenskoye’, ‘Sinap Orlovsky’ and ‘Yubilyar’ (Table 1).
Those cultivars were had higher intensity of metabolic pro-
cesses and greater adaptability to local conditions. In shoots
of ‘Priam’ the concentration of sucrose in the autumn-win-
ter period was 1.5–2 times lower than in the shoots of
‘Antonovka Obyknovennaya’.

By the end of dormancy, the sucrose content in shoots de-
creased in all cultivars and at the beginning of the vegeta-
tion period, oligosaccharide concentration in the tissues
were almost entirely depleted.

Under low temperatures, the activity of physiological pro-
cesses decreased, and protective mechanisms were acti-
vated. At the same time, biosynthesis of phenolic agents
(anthocyans, catechins, leucoanthocyans, etc.) took place.
The majority of them occur in plants as sugar compounds.
Others belong to anthocyans, which provide protection
against unfavourable winter conditions. Study of the
anthocyan concentration dynamics in different periods
showed that in autumn when temperature decreases, the
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Fig. 2. Dynamics of starch and sugars concentration in shoots of apple
cultivars in the autumn-winter period (average for 2009–2012), %.

T a b l e 1

DYNAMICS OF ACCUMULATION OF SUCROSE IN ONE-YEAR-OLD SHOOTS OF APPLE CULTIVARS IN THE AUTUMN-WINTER PERIOD
(average for 2009–2012)

Cultivars Sucrose content (% of raw weight) by month

IX X XI XII I II III IV average

Antonovka Obyknovennaya 0.28 0.62 1.17 1.05 1.23 1.25 0.86 0.69 0.89

Imrus 0.45 0.38 1.04 1.21 1.05 1.43 1.08 0.50 0.89

Rozhdestvenskoye 0.16 0.82 1.10 1.27 1.16 1.21 1.15 0.97 0.98

Svezhest 0.47 0.35 1.51 1.00 1.24 1.06 1.10 0.35 0.89

Sinap Orlovsky 0.65 0.53 1.11 1.55 0.90 1.70 1.13 0.81 1.05

Yubilyar 1.23 0.77 1.05 1.32 1.98 1.77 1.72 1.79 1.45

Priam 0.52 - 0.62 0.92 0.94 0.63 0.66 0.44 0.59

average 0.54 0.58 1.08 1.19 1.24 1.29 1.10 0.79 0.28

LSD05*

LSD, Least significant difference



anthocyan concentration in one-year-old apple shoots in-
creases rapidly, reaching a maximum in January–February.

Cultivars with different winter-hardiness significantly dif-
fered in the concentration of anthocyan in the tissues of
one-year-old shoots. In the surface layers of the shoots (in
the bark) the concentration of anthocyan was 2–3 times
higher than in the cells of the phloem, cambium and
cambial zone. The concentration of anthocyan in the bark of
winter-hardy cultivars ‘Antonovka Obyknovennaya’,
‘Imrus’ and ‘Svezhest’ was steadily high during the au-
tumn-winter period, 3–4 times exceeding that in the non-
winter-hardy variety ‘Priam’ (Fig. 3). Maximum anthocyan
concentration was observed in the coldest weather.

Cyanidins, which perform a protective function for toler-
ance to variable temperatures, has the highest concentra-
tions among anthocyans. Cyanidins create a thermo-accu-
mulating and light protecting barrier, giving a reddish and
brown tones to the tree bark. A positive relationship was
found between cyanidin concentration and winter hardiness
of the studied cultivars. Moderate low temperature in au-
tumn of 2010 promoted the synthesis of cyanidin in the bark
of the cultivars differently. Cyanidin concentration in-
creased in all cultivars, but in winter hardy ones such as
‘Antonovka Obyknovennaya’, ‘Imrus’, ‘Orlik’ and
‘Svezhest’ this was more intensive. In winter, the concen-
tration of cyanidin in bark was high (195–337 mg /100g raw
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weight), 6–8 times higher compared to that in the non-win-
ter-hardy ‘Priam’ (27.5–59.4 mg/100 g) (Fig. 4).

During autumn, decrease of temperature in the periods of
hardening and organic dormancy, an increase of the concen-
tration of other phenolic compounds (catechins and leuco-
anthocyans) was noted in the tissues of apple shoots, but a
distinct relationship between the accumulation of those sub-
stances and variety winter hardiness was not found (Table
2).

A coordinated and quickly reacting system of oxidative re-
spiratory enzymes is one of the parameters of plant adapta-
tion to winter conditions. It was found that isoenzyme com-
position of peroxidase differed depending on genotype and
the below-zero temperature effect. After a long warm au-
tumn and significant fall of temperature at the beginning of
December in 2010, a sharp decline of peroxidase activity
was observed in one-year-old shoots of the winter-hardy ap-
ple cultivars ‘Antonovka Obyknovennaya’, ‘Imrus’ and
‘Svezhest’. In the autumn–winter of 2009–2012 the
peroxidase activity in one-year-old shoots of these cultivars
was 1.7–2 times lower compared to that in the non-winter-
hardy ‘Priam’ (Table 3). High peroxidase activity (37.4
Em-units of extinction) in ‘Priam’ in December was evi-
dence of incomplete tissue hardening and explained the
weak winter-hardiness of this cultivar.

Polyphenoloxidase intensified the oxidation of phenols and
tanning agents. During shoot growth, the activity of

polyphenoloxidase was lower. Its increase in activity in au-
tumn was associated with the oxidative decay of chemical
growth factors (auxins, in particular), which impeded
growth and plant transition to dormancy. In autumn and
winter, polyphenoloxidase activity in hardy apple cultivars
was higher (1.3–2.3 Em) than in a non-winter-hardy variety
(0.6–1.0 Em) (Table 4). Higher activity of peroxidase and
high activity of polyphenoloxidase might be considered as
one of the plant adaptability functions contributing to better
preparation for the winter period.

DISCUSSION

Advanced intensive orchards require apple cultivars com-
bining high productivity and fruit quality with high stability
to unfavourable conditions of the environment. The devel-
opment of balanced agro-ecosystems with high and stable
productivity is possible only with the use of plant varieties
tested for adaptivity. Winter hardiness is one of the parame-
ters that characterises a variety and determines the possibil-
ity of its cultivation in a given locality. The field method of
variety testing in different environmental conditions is
widely used to estimate winter hardiness of fruit crop variet-
ies. The process of variety estimation can be accelerated by
damage factor simulation in controlled conditions and indi-
rect methods based on knowledge of the reasons for frost
damage and physiological and biochemical features of plant
adaptation. Quite numerous reports on physiological and

T a b l e 2

DYNAMICS OF ACCUMULATION OF CATECHIN IN ONE-YEAR-OLD SHOOTS OF APPLE CULTIVARS IN THE AUTUMN-WINTER PERIOD
(average for 2008–2012)

Cultivars of apple Catechin concentration (mg/100 g of raw weight) by month

IX X XI XII I II III IV average

Antonovka Obyknovennaya 465.7 650.3 675.3 522.9 567.2 495.3 400.9 543.1 540.1

Imrus 444.3 687.2 605.7 539.9 488.3 457.3 427.6 528.9 522.4

Priam 407.7 - 553.5 488.2 490.7 548.6 424.3 494.3 504.3

Svezhest 459.3 543.2 665.3 521.5 475.6 451.5 378.4 546.8 505.2

Priam 407.7 - 553.5 488.2 490.7 548.6 424.3 494.3 504.3

average 444.3 626.9 624.9 518.1 505.5 488.2 407.8 528.3

* F-test: Ff – fact, Ft – theoretical

T a b l e 3

PEROXIDASE ACTIVITY IN ONE-YEAR-OLD SHOOTS OF APPLE CULTIVARS IN THE AUTUMN–WINTER PERIOD (average for 2009–2012)

Cultivars of apple Peroxidase activity by month, (E/m*)

IX X XI XII I II III IV average

Antonovka Obyknovennaya 21.0 5.6 24.5 7.9 16.0 12.9 20.2 48.2 19.5

Imrus 22.9 6.1 27.2 10.5 12.7 13.3 26.0 25.6 18.0

Svezhest 23.0 5.3 26.0 7.9 11.7 11.4 18.3 33.8 17.2

Priam 56.0 - 58.0 37.4 21.2 20.3 27.2 36.3 36.6

average 30.7 5.7 33.9 15.9 15.4 14.5 22.9 35.9

LSD 05 8.4

* Em – units of extinction

141Proc. Latvian Acad. Sci., Section B, Vol. 67 (2013), No. 2.



biochemical methods for identification of winter hardiness
of fruit trees have been published. Methods of the carbohy-
drate identification (Ñåðãååâà, 1971; Ïî÷èíîê, 1983;

Êîëóïàåâ è Òðóíîâà, 1992; Áèðþê, 2004), identification of
quantitative and qualitative parameters, including enzyme
activities, phenolic combinations, and concentrations of
anthocyans, cyanidins, carotenoids, ascorbic acid, proteins,
prolines, and others (Ëåîí÷åíêî è Õàíèíà, 1988; Öóêà-

íîâà, 2001; Wang and Zhang 2001; Kozlovskaya and
Biryuk, 2003; Ãóäêîâñêèé, 2005; Òðóíîâà, 2007; Guy et

al., 2008; Óïàäûøåâ, 2008) are used for assessing winter
hardiness. However, used separately, these parameters in-
sufficiently reveal the mechanism of adaptation to unfa-
vourable winter conditions. Our investigations are based on
complex estimation of behaviour of varieties in field condi-
tions, by method of artificial freezing and application of
physiological and biochemical methods.

It was found that winter hardy apple cultivars have a high
degree of starch hydrolysis in the period of hardening.
When air temperature sharply falls in December, the su-
crose content is increased and remains high during all win-
ter months: on the average, in autumn–winter of 2009–
2012 the concentration of sucrose was 0.89–1.05% in shoot
tissues of cultivars ‘Antonovka Obyknovennaya’, ‘Imrus’,
‘Orlik’, ‘Rozhdestvenskoye’, ‘Svezhest’, ‘Sinap Orlovsky’
and ‘Yubilyar’, which was significantly higher than in the
cultivar ‘Priam’ (0.59%). There was a positive relationship
between winter hardiness and concentrations of phenolic
compounds: anthocyan concentration in shoots of winter
hardy cultivars was 3–4 times higher than that in ‘Priam’,
and the cyanidin concentration was 6–8 times higher. Sig-
nificant differences were shown for activity of peroxidase
and polyphenoloxidase enzymes. In December, peroxidase
activity was lower in winter hardy cultivars and remained
low till the end of the winter; in the non-winter-hardy
cultivar ‘Priam’ peroxidase activity was significantly higher
(on average, 37.4 Em) during the entire autumn-winter pe-
riod.

Polyphenoloxidase activity in the non-winter-hardy cultivar
remained high during autumn-winter months, indicating
weak completion of growth processes and bad hardening of
tree tissues.

Significant differences in concentrations of carbohydrates
(starch, sugars), anthocyan, and cyanidin and activity of
peroxidase and polyphenoloxidase in shoots and bark of ap-
ple cultivars were conditioned by genetic specificity of
cultivars, which had different types of adaptation. Accord-
ing to the observed seasonal changes for these metabolites it
was possible to determine the intensity of physiological and
biochemical changes in apple tissues during adaptation to
low temperatures.

The complex approach allowed to identify winter hardy ap-
ple cultivars and show the mechanism of formation of har-
diness during autumn and winter. Physiological and bio-
chemical methods for the diagnostics of the adaptive
potential of apple genotypes were developed. Biochemical
parameters of apple cultivars in the autumn-winter period
(concentrations of starch, sucrose, anthocyans, cyanidins
and activities of peroxidase and polyphenoloxidase) can be
used to predict apple winter hardiness.
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ÂBEÏU IZTURÎBA PRET ABIOTISKIEM FAKTORIEM ZIEMÂ

Rakstâ analizçti un apkopoti dati par âbeïu ðíiròu reakciju uz nelabvçlîgiem rudens-ziemas apstâkïiem. Jaunâs kraupja rezistentâs âbeïu
ðíirnes (gçns Vf), kas iegûtas, krustojot vietçjâs adaptçtâs ðíirnes ar kraupja imunitâtes donoru, uzrâdîja izturîbu nelabvçlîgos ziemas
apstâkïos. Mâkslîgâs saldçðanas rezultâtâ identificçtas ðíirnes, kas izturîgas pret pavasara salnâm (–3.5 oC) ziedçðanâs laikâ. Izpçtîts
adaptâcijas mehânisms nelabvçlîgos ziemas apstâkïos un iespçja prognozçt ziemcietîbu pçc daþiem ziemojoðâ koka audu fizioloìiskâ
stâvokïa indikatoriem. Visâm âbeïu ðíirnçm rudens–ziemas periodâ atzîmçts saharozes, antocianînu un cianidîna satura pieaugums, taèu
ziemcietîgajâm ðíirnçm ðis process bija intensîvâks, un cianidîna daudzums dzinumu mizâ bija 6–8 reizes augstâks nekâ neziemcietîgâm
ðíirnçm. Ekstrçmu temperatûru ietekmç neziemcietîgajâm ðíirnçm novçrots liels ûdens zudums; tas varçtu izraisît bûtisku apsalðanu un
saules apdegumus ziemas beigâs. Ziemcietîgâm ðíirnçm ziemâ peroksidâzes aktivitâte pazeminâs, savukârt neziemcietîgâm tâ saglabâjas
augstu nepilnîgu audu norûdîðanâs procesu dçï.
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