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Background. Most of the plantings of fruit crops in Russia are located in the zone of risky agriculture. In the European part of
Russia, in winter, fruit crops are affected by the impacts of weather conditions (spring frosts, droughts, early frosts, low-temper-
ature stress, a short growing season, and thaws). Frosts cause 98% of the damage to fruit trees.

Methods. One-year-old branches were frozen in a Japanese Espec PSL-2KPH climate chamber after prehardening under -5°C
and -10°C for 5 days, and damaging factors of the winter period were simulated.

Results. The bioresource collection of the All-Russian Research Institute of Fruit Crop Breeding (VNIISPK) contains 730 apple-
tree cultivars from various domestic and foreign institutions. Apple cultivars from Ukraine, Belarus, Latvia, Moldova, USA,
France, Czech Republic, Sweden and Canada were analyzed for frost resistance components. The resistance of plants to early
frosts of-25°C without hardening and after hardening in early winter (Component I) showed that the main tissues (bark, cam-
bium and wood) suffered minor damage in all studied cultivars. In cv. ‘Belarusskoye Sladkoye’, the damage to the bark scored
2.3 points. Among the studied apple cultivars whose one-year-old branches were frozen at -38°C and -40°C (Component II),
‘Coremolda’ (Moldova) showed the highest frost resistance to the negative mid-January temperature of -38°C (damage to the
buds and main tissues scored 0.3-1.0 points). Under-40°C (Component II), ‘Coremolda’ (Moldova) and ‘Aivaris’ (Latvian breed-
ing) demonstrated bark, cambium and wood resistance with damages at the level of 2.0 points. These cultivars can be used in
breeding programs as sources of frost resistance. Freezing of one-year-old branches under -25°C after a 3-day artificial thaw at
+2°C revealed bud and tissue resistance in the American cv. ‘Red Free’ and in cv. ‘Coremolda’ (Component III).
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I/IBY‘-ICHI/IG HHTPOAYIHMPOBAHHBIX COPTOB f16JIOHM 110 OCHOBHBIM
KOMIIOHEHTAM 3UMOCTOMKOCTH ME€TOAO0OM MOAE/ITUPOBAHUA
MOBPEKAAKIIHNX (l)aKTOI)OB B KOHTPOJINPYEMBIX YC/IOBUAX

A. M. Tanawega, H. I. Kpacosa, 3. E. OxxepesbeBa
Bcepocculickuil Hay4Ho-uccaedogamenbCckull UHCMumym ce/ekyuu n/10008six Kyabmyp, Opaosckas o6aacms, Poccus

Aemop, omeemcmeeHHblii 3a nepenucky: Anna MuponoBHa lanaueBa, galasheva@vniispk.ru

AKTyasnbHOCTB. B Poccun Gosibliasi 4acTh HaCaK/IeHUH IIJIOJIOBBIX KYJIbTYP HaXOAUTCS B 30He PUCKOBAHHOIO 3eMJIEJIeJINs.
B eBpomneiickoii yacTy Poccuu B 3MMHUH NepHO/ Ha MJI0OA0BbIE KYJIbTYPhI BJIHSIOT BO3/IeCTBUSA MOIOJHBIX YCIOBUH (BeceH-
HUe MOpO3bl, 3aCyXH, paHHHE MOPO03bl, HU3KOTEMIIEPAaTYPHbIH CTPecc, KOPOTKHUH BeTeTalMOHHBIN Ieproj, oTTenesu). Mopo-
3bl IPUUUHAIOT 98% NOBpeEXKJeHUH MJ10/J0BBIM JJ€PEBbSM.

MeToapbl. OiHOJIETHUE BETKU IPOMOPaXKUBAJIU B ITOHCKOM KJUMaTH4Yeckor kamepe Mapku Espec PSL-2KPH nocisie npejBa-
puTenbHOU 3akanku npu -5°C 1 -10°C B TeyeHUe NATH CYTOK; MPOBOAMIN MOJIeJIMPOBAHKE MOBPEXKAAIIMX GAKTOPOB 3UM-
HEero nepuoja.

Pe3ynbraTsl. Buopecypcnas kosnexuss BHUUCIIK conepxut 730 copTOB 16J10HM U3 Pa3IMYHbBIX HAYYHBIX POCCUHCKUX U 3a-
pPyOeXHBIX yupexaeHuH. [[poBe/jeH aHa/IN3 10 KOMIIOHEHTAaM MOPO30CTOMKOCTH COPTOB, TOJIyIeHHBIX U3 3apyOeXKHbIX CTPaH:
Benapycs, YkpauHa, JlatBus, Moagasus, CIIA, Kanaga. YcToH4nBOCTE pacTeHUH K paHHUM Mopo3aM —-25°C 6e3 3aKaIKH U I10-
CJIe 3aKaJIKU B Hadasie 3UMbI (I KOMIOHEHT) BBISIBUJIA, UTO OCHOBHbIE TKaHH (KOpa, KaMOUH, ApeBeCHA) HMeId HE3HAYNUTE I b-
Hble IIOBPEX/IeHNS ¥ BCeX U3y49aeMbIX COPTOB. [[poMopakuBaHNe OJHOJIETHUX BETOK ¥ U3y4yaeMbIX COPTOB sIGJIOHU NPH TEM-
nepatype -38°C, -40°C (Il KOMIOHEHT), MOKa3aJi0: YyCTOMYMBOCTh MAaKCUMaJIbHONH MOPO30CTOMKOCTH K OTPULATENbHON TeM-
nepatype B cepenuHe sHBaps -38°C y copTa MoJiZiaBcKoH cesiekiuu ‘Coremolda’ (moBpexieHre MOYeK U OCHOBHBIX TKaHeH —
0,3-1,0 6ans1a). [lpu Temnepatype -40°C (Il KOMIOHEHT) YCTOMYHUBOCTb KOPBI, KAMOUS U APEBECUHBI (C OBPEXJAEHUAMH Ha
ypoBHe 2,0 6asuta) npossBuiu copta ‘Coremolda’ (MosiiaBcko# cesiekuuu), ‘Aivaris’ (JJaTBUHCKOHN CeJIEKI[MU), KOTOPbIE MOTYT
y4acTBOBAThb B CeJIEKIIMH KaK MOPO30CTOMKHe copTa. [I[poMopakuBaHre 0JJHOJIETHUX BETBeH npu Temnepatype -25°C nociie
3-1HEBHOM HCKYCCTBEHHOH oTTenesu npu +2°C BbIABUJIO YCTOWYMBOCTD OYEK U TKaHEH Y aMepHUKaHCKOTo copTa 161004 ‘Red
Free’ uy copra moJijaBckoii cesieknuu ‘Coremolda’ (111 kommoHeHT).

Kawouesuwlie c108a: Mopo3s, oTTele b, IOYKH, KOpa, KAMOUH, peBecHHa

baazodapHocmu: Pa6oTa BbinosHeHa Npy GHUHAHCOBOH moAsepkke MuHo6pHayku Poccun 3a cyeT cpefcTB cy6CHANHM Ha
BBINIOJIHEHUE TOocyiapcTBeHHOro 3aganus Ne0637-2019-0011.
ABTOpBI 6/1ar0AAPAT PEeLieH3eHTOB 3a UX BKJIAJ, B 9KCIEPTHYIO OLEHKY 3TOU PaGoThI.

Jaa yumupoeaHnus: Tanamesa A.M., Kpacosa H.I, OxxepesibeBa 3.E. U3yyeHne HHTPOAYIMPOBAHHBIX COPTOB SI6JIOHHU 10O OC-
HOBHBIM KOMIIOHEHTAM 3UMOCTOHKOCTH MeTOZ0M MO/IeINPOBAaHUSA MOBPEXAAIIMX GaKTOPOB B KOHTPOJIUPYEMBIX YCIOBH-
ax. Tpydwsl no npukaadHotl 6omaHuke, 2eHemuke u cesekyuu. 2022;183(1)31-37. DOI: 10.30901/2227-8834-2022-1-31-37
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Introduction

Most of the fruit crop plantings in Russia are located in the
zone of risky agriculture. In the European part of Russia, in
winter, fruit crops are affected by the impacts of weather con-
ditions (spring frosts, droughts, early frosts, low-temperature
stress, a short growing season, and thaws). Frosts cause 98%
of the damage to fruit trees (Kichina, 1999; Savelyev etal,,
2010; Ozherelieva, Sedov, 2017; Ulyanovskaya, Bogdanovich,
2018). Winter hardiness is a significant biological property
that allows fruit trees to withstand low winter temperatures
and other adverse conditions in the cold season (Nenko et al.,
2013).

Four types of frost effects on fruit plants are clearly distin-
guished during the winter season in Russia:

1) critical frosts in late autumn (November) / early winter
(December), around the time when the temperature is set be-
low 0°C;

2) plants are exposed to severe frosts (-40°C/-38°C) in
the middle of winter until long thaws (December, January,
February). During these periods fruit plants are in dormancy,
they experience maximum hardening before thaws, which
means that they are able to withstand maximum frosts (Brier-
ley, 1947; Weiser, 1970; Savelyev et al., 2010; Chen etal,
2014; Krasova, 2015; Ozherelieva et al., 2019);

3) the impact happens during the thaw: the frost is not
very strong but it affects fruit plants quite harshly against the
background of abrupt daily temperature differences; and

4) recurrent frosts, occurring at some time after the thaw
and a gradual decrease in temperatures. Frosts of this type
can be quite severe; they befall in January, February, or March
(Kichina, 1999).

The bioresource collection maintained at the All-Russian
Research Institute of Fruit Crop Breeding (VNIISPK) contains
730 apple cultivars from various Russian and foreign research
institutions. Studies of the VNIISPK apple gene pool allowed
us to evaluate the cultivars for winter hardiness by simulating
frost damaging factors to identify the best cultivars according
to frost resistance components in order to use these apple
cultivars in the breeding process (Krasova et al.,, 2020).

The purpose of this study was to assess the main compo-
nents of winter hardiness in introduced apple cultivars by
simulating damaging factors under controlled conditions.

Materials and methods

The studies were carried out at VNIISPK. The following
apple cultivars were tested:

1. ‘Antonovka Obyknovennaya’ (Russia);

2. ‘Anthey’, ‘Belorusskoye Sladkoye’, ‘Darunok’, ‘Imant’
and ‘Pamyat Kovalenko’ (Institute of Fruit Growing, Belarus);
‘Svitlitsa’ and ‘Elegia’ (Ukraine);

‘Coremolda’ (Moldova);

‘Aivaris’, ‘Andris’, ‘Ausma’, ‘Ella’ and ‘Saiva’ (Latvia);
‘Delikates’ (Poland);

‘Priam’ (France);

‘Topaz’ (Czech Republic);

. ‘Nora’ (Sweden);

10. ‘Liberty’ and ‘Red Free’ (USA); and

11. ‘MclIntosh’ (Canada).

One-year-old apple-tree branches were harvested simul-
taneously for all tests when the average daily air temperature
was below 0°C, wrapped in a damp cloth and placed into bags
under-3°C to -5°C. One-year branches were frozen in a Japa-
nese Espec PSL-2KPH climate chamber after prehardening
under -5°C and -10°C for 5 days, and the damaging factors of
the winter period were simulated:

w
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Component | - plant resistance to early frosts (-25°C)
without hardening and after hardening in autumn (late No-
vember) and December;

Component II - maximum frost resistance of plants to
negative temperatures in mid-January (-38 and -40°C);

Component III - plants had the ability to maintain resis-
tance to frosts down to 25°C in February with thaws; and

Component IV - plants restored resistance to frosts down
to -35°C when they rehardened after the thaw (March). One-
year-old branches were frozen for 8 hours, and the tempera-
ture was reduced at a rate of 5°C per hour (Kashin, 2002).

After the climate chamber, the one-year apple-tree
branches were placed in containers with water for growing.
The damage to the tissue of the branches was assessed by the
longitudinal and transverse sections (according to the degree
of browning) using a 0-5 scale: from 0 (no damage) to 5 (the
tissue died). Statistical data processing was carried out using
the analysis of variance (Dospekhov, 1985).

Results and discussion

The study of introduced apple cultivars showed that they
demonstrated a fairly high ability to acquire a hardened state
under simulated frosts of mid-December with a temperature
drop to -25°C after hardening without damage to the bark
and cambium tissues and with minor damage to the buds.

Freezing of one-year-old branches to -30°C led to bud
damage in most cultivars, scoring from 0.6 to 1.5 points. Sig-
nificant bud damage, higher than 2.0 points, was observed in
‘McIntosh’ (2.3), ‘Darunok’ (2.5), ‘Priam’ (2.9) and ‘Red Free’
(3.4). Minor bark, cambium and wood tissue damages were
recorded (0.4 to 1.6 points). Among all studied cultivars, the
highest degree of bark freezing was observed in ‘Belaruss-
koye Sladkoye’ (2.3 points). The wood of all cultivars was
slightly damaged (Fig. 1).

In Orel Province (Central Region of Russia), for example,
in the winter of 2012/2013, the minimum air temperature in
January dropped to -40.0°C, and on the snow surface to
-34°C, according to the data of VNIISPK’s weather station
(Fig. 2).

The maximum frost resistance could be developed by the
studied cultivars in a hardened state by the middle of winter
under simulated temperatures of -38°C/ -40°C. Under -38°C,
‘Coremolda’ was at the level of ‘Antonovka Obyknovennaya’
(reference) in the level of resistance of the buds and main tis-
sues (0.3-1.0 points). In most of the studied cultivars, the bud
damage by frost reached 2.0-3.1 points. Under -38°C, buds
were frozen strongly in ‘Priam’ (2.9 points) and ‘Topaz’
(3.1 points). The bark of ‘Priam’, “Topaz’ and ‘Nora’ froze with-
in the score of 2.3 to 2.8 points. Severe wood freezing was ob-
served in ‘Andris’ (2.8 points), ‘Ausma’ (2.6 points), and ‘Pri-
am’ (3.5 points) (Fig. 3).

Among the studied apple cultivars, freezing of one-year-
old branches under -40°C (Component II) entailed damage to
the buds and tissues. The bud damage at the level of ‘Antonov-
ka Obyknovennaya’ turned out to occur in ‘Antey’ and ‘Pamyat
Kovalenko’. ‘Coremolda’ and ‘Aivaris’ showed sufficient resis-
tance in bark, cambium and wood (with the damage at the
level of 2.0 points). These cultivars can be used in breeding as
sources of frost resistance. ‘Ausma’, ‘Priam’ and ‘Liberty’ mani-
fested strong freezing of their wood (3.0-3.1 points). Wood
damage in cultivar ‘Delikates’ reached 4.0 points (Fig. 4).

An abrupt drop in temperature after prolonged thaws
greatly affects the freezing and even leads to the complete
death of the entire apple tree. Freezing of one-year branches
with a frost of -25°C after a 3-day artificial thaw of +2°C re-
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Fig. 1. The degree of freezing in one-year-old apple-tree branches in December (-5°C; -10°C; -30°C)
(Component I, HCP: buds = 0.4; bark = 0.5; cambium = 0.4; wood = 0.2)

Puc. 1. CreneHb nogMep3aHusi OJHOJIETHUX BeTBel s16JI0HU B Aeka6pe (-5°C; -10°C; -30°C)

(I xomnonenT, HCP :

noukwu = 0,4; kopa = 0,5; kam6uii = 0,4; npeBecuna = 0,2)
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Fig. 2. Minimum air and snow surface temperatures, 2002-2020 (Orel)

Puc. 2. MuHUMaJ/IbHbIE TEMIIepPaTyphbl BO3AyXa U HA IOBEPXHOCTH cHera, 2002-2020 rr. (r. Opeu)

vealed resistance of the buds and tissues in ‘Red Free’ and
‘Coremolda’ (ComponentIIl). In Belarusian cultivars, bud
damage was observed in ‘Antey’ (2.3 points) and ‘Imant’
(1.7 points). The rest of the studied cultivars showed minor
damage to the buds (0.3 to 1.0 points) and vital tissues (up to
1.3 points) (Fig. 5).

The ability of a cultivar to have high resistance to recur-
rent frosts occurring at some time after thaws is an impor-
tant indicator. Repeated frosts after thaws are much stron-
ger than the ones during thaws. The plant begins to harden

and show resistance after thawing under cold weather (Ki-
china, 1999).

After the artificial thaw of +2°C and rehardening with
a possible frost of -30°C, ‘Pamyat Kovalenko’ and ‘Coremolda’
showed high ability to restore the frost resistance of tissues
and buds at the level of ‘Antonovka Obyknovennaya’. Bud dam-
age was observed in ‘Antey’ (2.6 points), ‘Andris’ (2.4 points),
‘Aivaris’ (1.7 points) and ‘Ella’ (1.6 points). The Latvian culti-
vars and the West European cv. ‘Topaz’ were characterized by
weak resistance of their tissues to recurrent frosts. (Fig. 6).
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Fig. 3. The degree of freezing of cultivars under the simulated temperature of -38°C in the middle of winter
(Component II, HCP .: buds = 0.4; bark = 0.5; cambium = 0.5; wood = 0.5).

Puc. 3. Crenensb nogMep3aHusa COPTOB IPU MOJe/JIMPOBAaHUH TeMIlepaTypbl MUHYC 38°C B cepejliHe 3UMbI
(xomnonenr 11, HCP : mo4kwu = 0,4; kopa = 0,5; kam6u#i = 0,5; npesecuna = 0,5).
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Fig. 4. The degree of freezing in the tissues of one-year-old apple-tree branches under -40°C
in the middle of winter (Component II, HCP .: buds = 0.4; bark = 0.4; cambium = 0.4; wood = 0.4)
Puc. 4. CreneHb noaMep3aHUus TKaHEH OJHOJIETHUX BETBEH COPTOB s16/1I0HU NpU TeMnepatype -40°C
B cepeuHe 3uMbl (KoMIoOHeHT I, HCP ,: mouku = 0,4; kopa = 0,4; kam6uii = 0,4; npeBecuHa = 0,4)
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Fig. 5. The degree of freezing in the tissues of one-year-old apple-tree branches under -25°C (Component III, HCP :
buds = 0.4; bark = 0.4; cambium = 0.4; wood = 0.4)

Puc. 5. CreneHb nogMep3aHus TKaHel 0JHOJIETHUX BeTBel COPTOB s16J10HM NP TeMnepaTtype -25°C
(xommonenr 111, HCP .: moukwu = 0,4; kopa = 0,4; kam6uii = 0,4; npesecuna = 0,4)
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Fig. 6. The degree of freezing in the tissues of one-year-old apple-tree branches under -30°C
(Component IV, HCP .: buds = 0.5; bark = 0.7; cambium = 0.6; wood = 0.3)

Puc. 6. CTeneHb nNogMep3aHusi TKaHel OJHOJIETHUX BeTBel cCOPTOB sA6710HH PU TemnepaTtype -30°C
(xommonent IV, HCP .: mouku = 0,5; xopa = 0,7; kam6wuii = 0,6; ApeBecuna = 0,2)

Conclusion

The resistance of plants to early frosts (-25°C) without
hardening and after hardening in early winter (Component I)
exhibited that the Belarusian cultivars had bud damage from
0.9 points (‘Belarusskoye Sladkoye’) to 2.5 points (‘Darunok’).
Among the West European cultivars, severe bud damage was
observed in ‘Priam’ (2.9 points). The main tissues (bark, cam-
bium and wood) were slightly damaged in all of the studied
cultivars, except for ‘Belarusskoye Sladkoye’: bark damage
scored 2.3 points.

In the studied apple cultivars, the exposure of one-year-
old branches to atemperature of -38°C/-40°C (Compo-
nent II) showed bud and tissue freezing. The highest frost re-
sistance to negative temperatures in mid-January (-38°C)
was manifested by ‘Coremolda’: the damage to the buds and
main tissues (0.3-1.0 points) was at the level of ‘Antonovka
Obyknovennaya’ (reference). Under the temperature of -40°C
(Component II), bud damage at the level of ‘Antonovka Obyk-
novennaya’ was observed in ‘Antey’ and ‘Pamyat Kovalenko'.
‘Coremolda’ (Moldova) and ‘Aivaris’ (Latvia) showed suffi-
cient resistance of bark, cambium and wood (with the dam-
age at the level of 2.0 points), so these genotypes can be used
in breeding as sources of frost resistance. Freezing of one-
year-old branches with a frost of -25°C after a 3-day artificial
thaw of +2°C revealed bud and tissue resistance in ‘Red Free’
and ‘Coremolda ‘ (Component III). After the artificial thaw of
+2°C and rehardening at a possible frost of -30°C (Compo-
nent [V), ‘Pamyat Kovalenko’ and ‘Coremolda’ showed high
ability to restore the frost resistance of tissues and buds at the
level of ‘Antonovka Obyknovennaya’.
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