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PE3IOME

3VMHMTE HWUCKM TemnepaTypu
oKa3BaT HeraTvBHO B/INSHUE BBHPXY
XM3HEHOCTTa Ha AbpBeTara,
KO/IMYECTBOTO U KA4YecTBOTO Ha
pekonTarta, nopagy KOeTo ce Hanara
n3y4yaBaHeTO Ha CTyAoycTonymBoCTTa
Ha pas/iMyHUTEe COPTOBE OBOLLHU
agbpeeta. Cenekuua Ha coptoBe C
pobpa cTygoycToinumBocT 6u umana
rofIiM WKOHOMUYECKM W coumaneH
edekT Ha (poHa Ha npomMeHswWuTe ce
KNMMaTudHu ycnosus. Lienta Ha ToBa
uscneABaHe e ga  onpejenum
CTeneHTa Ha CTyAOYyCTONYMBOCT npe3
3UMHUTE Meceuu, Ha OTIiexgaHu B
pailioHa copToBe CAMBM 3a Mo-
ONTMM&/THOTO MM MUKpOpaioHMpaHe.

HanpaseHa e kavmartnyHa
Xapakrepuctuka Ha cTyaeHute
Meceun B parioHa 3a nocnegHute 10
roguHun. MNpes 3umara Ha 2022-2023r.
ca npocnegeHu KNMMaTnyHmTe
nokazaTtenu — sanexun (mm), cpegHa,

SUMMARY

Low winter temperatures have
a negative impact on the vitality of the
tree, the quantity and quality of the
harvest, therefore it was necessary to
investigate the cold hardiness of fruit
tree cultivars.

The selection of cultivars with good
cold hardiness has a great economic

and social effect against the
background of changing climatic
conditions. The purpose of this

studied was to determine the level of
cold resistance during the winter
months of the plum cultivars grown in
the area, for their more optimal
microzoning.

A climatic characterization of
the cold months in the area for the
last 10 years was made.

In the winter of 2022-2023, climatic
indicators were observed:
precipitation (mm), average, minimum

331



MUHUMasTHA " MakcumasiHa
[EHOHOLHa TemnepaTypa Ha Bb3ayxa
N e n3cnegBaHa CTy[0ycToONuMBOCTTa
Ha cnuBoBuTe copTtoBe Jojo, Top,
Black Diamond, Anna Shpet u Stanley
Npv MOYBEHO KIMMATUYHUTE YC/I0BUSA
Ha KioocTteHguncku paiioH. CteneHTa
Ha YyBCTBUTE/THOCT KbM HUCKN 3VMHM
Temnepatypu e onpegensHa npuv
KOHTPO/IMpaHu (nabopatopHu)
ycnosus.  lpompassBaHusAta  ca
M3BBbPLUEHN TPUKPATHO — B cpejarta
Ha MeceuuTe [OeKemBpu, SHyapu |
doeBpyapy. 3a/IOKEHU ca cregHuTe
BapuaHtu:; I™ Bapuant -15°C; 1I'™
BapuaHT -20°C; III'™ BapuaHT -25°C 1
KOHTpO/a (HeTpeTmpaHn).
MeTeoposiornyHnTe  YCrnoBus
3HAUYUTESTHO noBnusixa Ha
CTYyAOYyCTOMYMBOCTTA Ha NogHuUTe
MbMKKN Ha copToBeTe. Hair-
3HAUUTESTHUTE WETH ce HabrogaBaxa
npes ceBpyapu, a Hail-gobpa
CTYAOYyCTOMYMBOCT Ce MposiBsBa npe3
sHyapn. C  Hali-BMCOKa  o6uia
YCTOMUMBOCT Ce NposiBu COpTbT Anna
Shpet, a Hali-4yBCTBUTENIEH HA HUCKMU

3MMHM  Temnepatypy e Jojo. B
nocnegHuTe roguHn copTbeT  Top
npngobuea BCE no-ronsimMa
nonynsipHocT 7 npegcrasnssa

WHTEPEC 3a NPON3BOANTENUTE.
CbLMAT NoKkasa MHOIO BMCOKA
yCTOUMBOCT M € noaxodsu, 3a

MecToobuTaHus c HUCKN
TemnepaTtypu npes svmara.

KntouoBu OyMu: HUCKN
Temneparypu, CTYA0YCTORYMBOCT,
KIMMaTWYHKU YCNOBKSA, CAnBa

YBO/,

OBOLLAPCTBOTO € OTpach/l Ha
3eMefenneTo, KOWTO €  CWIHO

3aBUCKM OT AMHaMMKaTa Ha Kumara.

Mpn wun36opa Ha MACTO 3a
Cb3flaBaHe Ha OBOWHa rpagvHa,
TpsibBa Oobpe ga  no3HaBame
KnumaTa Ha paioHa. Cnep kato ce
HanpaBy KIMMaTWYHO NpoydBaHe Ha

and maximum daily air temperature,
and the cold resistance of plums
cultivars Jojo, Top, Black Diamond,
Anna Shpet and Stanley was studied
under soil and climatic conditions of
Kyustendil region.

The level of sensitivity to low winter
temperatures was determined under
controlled (laboratory) conditions.

Freezing was carried out three times
— in the middle of the months of
December, January and February.
The following options were set: 1st
variant -15°C; 2nd variant -20°C; 3rd
variant -25°C and control (untreated).

Weather conditions significantly
affected the cold resistance of the fruit
buds of the cultivars.

The most significant damages were
observed in February, and the best
cold resistance was in January.

Cultivar Anna Shpet showed the
highest general resistance, and the
most  sensitive to low  winter
temperatures was Jojo. In recent
years, cultivar Top has gained more
and more popularity and has been of
interest to growers.

It showed very high resistance
and was suitable for habitats with low
winter temperatures.

Key words: Low temperatures,
cold hardiness, climatic conditions,
plum

INTRODUCTION

Fruit growing was a branch of
agriculture that was highly dependent
on climate dynamics.

When chose a place to create
an orchard, we had to know the
climate of the area well.

After carrying out a climatic survey of
the area, suitable species and
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paiioHa TpsbBa pga ce nogbepar
NnoaxoAsiLm BUGOBE U COPTOBE.

KnumatsT B KroCcTeHAWUNCKuA
paioH € npexoAHO-KOHTUHEHTasNEH
CbC CpaBHUTENIHO MeKa 3uMMma, TOMJo
" Cyxo nAaTo. JaHHuTe 3a
CTOlHOCTUTE Ha pasnuyHuTe
mMeTeoponornyHn chaktopn 3a 100-
rogvleH nepuoj nokaseaT, 4Ye B
paiioHa cbliecTByBaT 6/1aronpusATHM
YCNOBMSA 3a OTI/1EX4aHe Ha C/IMBM.

CepuoseH puckoB (paktop 3a
paioHa ca  KbCHUTE  MPOMETHM
Mpas3oBe, KOUTO CbBNaAaT ¢ Lbgrexa
Ha cnuBata M B OTAENHW TOA4MHU
HaHacAT 3HaYMTEeNIHW LeTW, HO He
6uBa ga ce noAueHsBaT U HUCKUTE
3MMHM Temneparypu.

Mospeante oT HUCKUTE
TemnepaTypu ca eiuMH OT OCHOBHUTE
onpegenswm oakTopu 3a
Npon3BOACTBOTO n
pasnpoCcTpaHEHMETO Ha OBOLLHWTE
kKyntypu. Owe PpUMAAHUTE 3Haesnu
3HAUMMOCTTa Ha HUCKUTE  3MMHM
Temnepatypu u MponetHuTe CcnaHu
npy paMoHMpaHe Ha  pas/IMyHK
BULOBE KYyNTYpHW pacTeHus. lMpegu
nogeye oT1 2000 roguMHuM Te ca
nonarann  ycunua  ga  3awmtaT
KyNTypHUTE  pacTeHWs OT  HUCKM
TemnepaTypu (Columela, 1965).

Bbnpeku MHOFOGpONHNTE
n3cneABaHns U ycunusta, NoCBETEHM
Ha HaMa/isiBaHe Ha wWeTtnte oT
HUCKNTE TemnepaTypu, Te
NpuYMHABAT MO-CEPMO3HN 3arybu Ha

nnogoBe, OTKOJIKOTO BCska Apyra
eKonormyHa nnm 6uonornyHa
onacHocT (Weiser, 1970zg;
Thomashow, 1998).

YcToiumBocTTa  KbM  HUCKK
Temneparypu Bapupa npes

pasnuyHWTe nepvoam OT roguHaTa u
npu pasnnyHWTE TbKaHW M 4YacTu Ha
pacteHuneto (Weiser, 1970b).
YBpexaaHeTo Ha pacTeHWeTo
OT 3aMpb3BaHe MOxe Jda b6bae
CBbpP3aHO C HUCKM TemnepaTypu

varieties should be selected.

The climate in Kyustendil
region was transitional-continental
with relatively mild winters and warm
and dry summers. Data on the value
of current meteorological factors for a
100-year period showed that there
were favorable conditions for growing
plums in the area.

A serious risk factor for the
area was the late spring frosts, which
coincided with the plum blossom and
in some years caused significant
damage, but the Ilow winter
temperatures should not be
underestimated.

Damage from low temperatures
was one of the main determinants of
production and distribution of fruit
crops.

Even the Romans knew the
importance of low winter temperatures
and spring frosts in zoning different
types of cultivated plants.

More than 2000 years ago, they made
efforts to protect cultivated plants from
low temperatures (Columela, 1965).

Despite numerous studies and
efforts devoted to reducing damage
from cold temperatures, they cause
more severe fruit losses than any
other ecological or biological hazard
(Weiser, 1970a; Thomashow, 1998).

Tolerance to low temperatures
varies at different times of the year
and in different tissues and parts of
the plant (Weiser, 1970b).

Frost damage to the plant can
be associated with low temperatures
before dormancy in the fall, in mid-
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npean nokoA npes3 eceHTta, B cpegara
Ha 3MaTta no BpemMe Ha Mb/IHUA

nokoi wmnnm no Bpeme WU cneg
ubdTexa npes nposnerra. Huckute
€CEHHM W  3MMHM  TemnepaTypu

3acarar npeguMHO Kcunema, kopara,
KOPEHUTE N MbMKWTE, HO CbLIO Morat
Ja pgoBegatr M A0 CMBPT  Ha
AbpBetara (Palonen and Buszard,
1997), koeTo psgko ce Habnwgasa B
Hawus pervoH. Hait-yctoiiumBa Ha
M3Mpb3BaHe € KambuasnHata TbkaH
(Duchovskis, 1998; Duchovskis et al.,
2007). Mpe3 (pasata Ha AOBNOGOK
MoKoli cnvBaTa nokasea MHOro gobpa
CTY[OYCTOMYMBOCT W Ce Hapexja
cneq sA6bnkaTa, 4epewara MU
KpywaTta. [loHacs Temnepatypa Ha
Bb3ayxa oT -30°C, gopu 1 no-Hucka,
6e3 3HaumTenHu nospeamn (Dzhuvinov
et al., 2012; Dimitrova et al., 2021).
Szalay et al. (2017)
yCTaHOBSAIBAT, Ye CTyA0yCTONUYNBOCTTA
Ha NAoAHWTE MbNKA NPU CANBOBUTE
copTose Stanley, Cadanska Lepotica
n Besztercei HapacTBa NOCTENeHHO
OT HOoemBpM W  fgoctura  CBOSA
MakCMMyM B cpefiaTa Ha siHyapu.
MoBeyeTo BUAOBE  OBOLLHM
AbpBeTa n3mckear MWUHUMaJTHO
nosuvlIaBaHe Ha Temneparypara, 3a
Ja ce npekbcHe nateHTHocTTa (Faust
et al., 1997). Cnepn kato agbpseTtaTa
n371a3aT OT NbJIeH MOKOWN 1 HaB/M3aT
B npuHyanTeneH MoKo#
YCTOMYMBOCTTA MM Ha HUCKA 3MMHWU
Temnepatypn Hamanssa. [loHsKora
LiBETOBETE He Ce NosBABaT, KaTto ToBa
Ce Ab/DKU Ha N3MPb3BaHE Ha NblKuTe
npeay ubTex n Te okansart. Pae et
al. (2004) pgokasBaT, Ye noAgsiOXKaTa
nva B/IMSIHNE BBbPXY
CTY[0YCTOMUMBOCTTA Ha C/IMBOBUTE
AbpBeTa. MnaguTe, aKTUBHO
pacTawm, UbdTALM "
aexungpaTnpaHu pacTeHus
OO6VKHOBEHO Ca Hai-yA3BMMK Ha
MUHYcOBM TemnepaTtypu (Stushnoff,
1972). B  ymepeHus Knumar,

winter during full dormancy, or during
and after flowering in the spring.

Low autumn and winter temperatures
mainly affect xylem, bark, roots and
buds, but can also lead to tree death
(Palonen and Buszard, 1997), which
was rarely observed in our region.

The most resistant to freezing was the
cambial tissue (Duchovskis, 1998;
Duchovskis et al., 2007).

In the phase of deep dormancy, the
plum has showed very good cold
resistance and ranks after the apple,
cherry and pear.

It tolerated air temperature of -30°C,
even lower, without significant
damage (Dzhuvinov et al., 2012;
Dimitrova et al., 2021).

Szalay et al. (2017) found that
cold hardiness of fruit buds in plum
cultivars Stanley, Cacanska Lepotica
and Besztercei increased gradually
from November and reached its
maximum in mid-January.

Most fruit tree species require a
minimal increase in temperature to
break dormancy (Faust et al., 1997).

Once trees come out of
complete dormancy and enter forced
dormancy, their resistance to low
winter temperatures decreases.
Sometimes the flowers do not appear
and this is due to the frosting of the
buds before flowering and they drop
off. Pae et al. (2004) proved that
rootstock has an effect on cold
tolerance of plum trees.

Young, actively growing, flowering,
and dehydrated plants were generally
most vulnerable to freezing
temperatures (Stushnoff, 1972).

In temperate climates, damage during
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nospeautTe Mo BpeMe Ha UbgTex,
O6VKHOBEHO Ca MOo-3Ha4YMMK OT Tesu,
Ob/Kally Ce Ha  HUCKA  3UMHM
Temnepatypu (Rodrigo, 2000).

Hali-cTtygoycToinumsute
copToBe pa3npocTpaHeHu B
Bbnrapusa ca Strinava, Izobilie, Anna
Shpet, Tuleu Timpuriu, Mirabelle de
Nancy, Cacanska Najbolja 1 Althan's
Gage (Georgieva and Serbezova,
2018). OueHkaTa Ha
CTY[0YCTOMUMBOCTTA Ha OBOLUHUTE
AbpBeTa No MeToAa Ha [MPEKTHO
3aMpassBaHe Ha pacTeHusiTa ce
cumTa 3a efHa OT Hal-06eKTUBHUTE
(Denisov, 1961).

lMNpe3 nocnegHute TrOAWHU B
palioHa Ha KiocTeHgun 4yecto ce
cnyysa abconoTHata  MUHUMaUTHa
TemnepaTtypa ga cnagHe 3a 1-2 gHu
Mexay -15°C n -20°C (Krumov, 2014).
PernctpupaHn ca 1 pekopaHO HUCKM
3UMHKN  TemnepaTtypu oT -29.5°C,
KOeTO e [OBe/o [0 YHULOXaBaHe Ha
nnogosata pekonta (Krumov and
Christov, 2020). 3uMHWUTE HUCKM
Temneparypy okKasBaT  HeratMBHO
B/IMSIHWE BBPXY KU3HEHOCTTa Ha
AbpBeTara, KONIMYeCcTBOTO 7
KauyecTBOTO Ha pekosnTara, nopagu
KOeTo ce Hanara u3yyaBaHeTO Ha
CTY[0YCTONYMBOCTTA Ha pasnyHuTe
COpPTOBE OBOLLHW AbpBETa.

Cenekumsata Ha coptoBe C
Jobpa CcTygoyctonumBocT 6M Mmana
rofiiM  MKOHOMUYECKM W couuaneH
edyekT Ha (poHa Ha npomMeHsAWmnTe ce
KIMMaTUYHK YCOBYSA.

B ToBa wu3cnegBaHe cwu
noctaBuxme 3a LUes Ja onpegenvim
CTeneHTa Ha CTyfA0YyCTONYMBOCT npes3
3UMHUTE Meceuu, Ha OTrexgaHn B
palioHa copToBe C/AvMBM C Lena no-
ONTUMa/THO VM MUKpOpanoHupaHe.

MATEPUAN 1 METO4U

Mpe3 3umata Ha 2022-2023r. e
nscnefgaHa CTy[oycTonumMBocTTa Ha
cnmsosute coptose Jojo, Top, Black

flowering was generally more
significant than that due to low winter
temperatures (Rodrigo, 2000).

The most cold-resistant
cultivars distributed in Bulgaria were
Strinava, lzobilie, Anna Shpet, Tuleu
Timpuriu, Mirabelle de Nancy,
Cacanska Nogba and Althan's Gage
(Georgieva and Serbezova, 2018).
The evaluation of the cold resistance
of fruit by the method of direct
freezing of plants was considered one
of the most objective (Denisov, 1961).

In  recent years, in the
Kyustendil region, it often happened
that the absolute minimum

temperature dropped for 1-2 days
between -15°C and -20°C (Krumov,
2014). Record low winter
temperatures of -29.5°C were also
recorded, resulting in the destruction
of the fruit crop (Krumov and Christov,
2020). The low winter temperatures
have a negative impact on the vitality
of the trees, the quantity and quality of
the harvest, this made it necessary to
investigate the cold resistance of the
different cultivars of fruit trees.

The selection of cultivars with
good cold resistance would have a
great economic and social effect
against the background of changing
climatic conditions.

In this study, we set out to
determine the degree of cold
resistance of plum cultivars grown in
the area during the winter months with
the aim of their more optimal micro-
zoning.

MATERIAL AND METHODS

In the winter of 2022-2023, the
cold resistance of the plum cultivars
Jojo, Top, Black Diamond, Anna
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Diamond, Anna Shpet u Stanley npu
MOYBEHO KIMMATUYHUTE YC/IOBUSA Ha
KiocteHgunckn pernoH. CteneHta Ha
YyBCTBUTE/IHOCT KbM HUCKU 3MMHU
Temnepatypu e onpegensHa npu
KOHTPO/IMpaHu (nabopatopHm)
yCNoBus.

COpTUMEHTOBOTO HacaxaeHue
€ Cb3gafeHo npe3 nposeTra  Ha
2011r. npu pa3ctosHue Ha
3acaxpgaHe 4 x 3 m. ObpBertara ca
NPUCBbOEHN BBPXY CEMEHaYeTa OT
XbnTta gxaHka (Prunus cerasifera).

dopmupaHn ca B CBOOGOAHO
pacTdlia KopoHa C BWCOYMHA Ha
ctBosia 80 cm n ca oTrnexgaHn 6es
HanosiBaHe.

HanpaseHa e kavmartnyHa
XapakTepucTMka Ha 3MMHUTE MeceLm
B paioHa 3a nocnegHute 10 rogmHu.

MpocnegeHn ca KMMmMaTuyHNUTE
nokasartenu: sanexu (mm), cpegHa,
MUHUMasTHA " MakcumasiHa
[JEHOHOLWHa TemnepaTypa Ha Bb3ayxa
Mo BpeMe Ha n3c/ieBaHeTo.

B3eTa e cpegHa nNpobu KOHKM
OT BCEKM copT. BcAka OoT TAX e ¢ Hafg
100 6pos nAoAHN MbNKN.
MpompassaBaHusiTa ca WU3BbPLUEHN
TPUKpaTHO — B cpefaTa Ha meceuuTe
[ekeMBpu, sHyapu 1 pespyapu.

3a10KeHn ca cnegHuTe
BapuaHTu: ™ Bapuant -15°C; 1I'™
BapuaHT -20°C; III™ BapuaHT -25°C 1
KOHTpona (HeTpeTupaHn). KrioHkuTe
ca nocTaBsiHM B X/laguiiHa kamepa c

nocTeneHHo NnoHMxaBaHe Ha
TemMmnepaTypaTa [0 3a/10KeHUTe HUBaA.
BpemeTpaeHeTo Ha  BCeku

TemneparypeH npar 6e no 2 yaca 3a
BCEKW BapuaHT. Cnep u3BaxpgaHeTo
UM W NpecTosiBaHETO WM  [Be
[JeHOHOWMA Ha CTaiiHa Temneparypa
ca OT4YeTeHW MoBpeAeHUTe LBEeTHU
3auyarbluM, 4Ype3 HanpeyHu paspesu
Ha nnogHute nbiku (CHuMka 1),
(Nedev et al., 1979).

Shpet and Stanley under the soil and
climatic conditions of the Kyustendil
region was studied. The degree of
sensitivity to low winter temperatures
was determined under controlled
(laboratory) conditions.

The assortment plantation was
created in the spring of 2011 at a
planting distance of 4 x 3 m.

The trees were grafted on Prunus
cerasifera rootsock.

They were formed in a free-
growing crown with a stem height of
80 cm and ware grown without
irrigation.

Climatic characteristics of the
winter months in the area for the last
10 years were made.

Climatic indicators were
tracked: precipitation (mm); average,
minimum and maximum daily air
temperature during the study.

Average samples of fruit
branches were taken from each
cultivar, with each sample contained
at least 100 fruit buds. Freezing was
carried out three times — in the middle
of December, January and February.

The following options were set:
1st variant -15°C; 2nd variant — 20°C;
3rd variant -25°C and control
(untreated). The branches were
placed in a refrigerator with a gradual
lowering of the temperature to the set
levels.

The duration of each
temperature threshold was 2 hours for
each variant. After removing them and
leaving them for two days at room
temperature, the damaged flower
primordia were counted by transverse
sections of the fruit buds (Photo 1),
(Nedev et al., 1979).
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PE3YNTATU 1 OBCBXOAHE

HanpaBeH e aHaimM3 Ha
abconTHO MUHUMaSTHUTE
TemnepaTypu B nepuoga HoemBpu —
MapT 3a nocnegHuTe AeceT roavHu
(durypa 1). OT aHanmsa ce Buxaa, ye
Temneparypute 3anouysaT Ja ce
NOHWXaBaT 3HauYUTENHO Mpe3 mecel,
[eKeMBpK, KOraTo OBOLLHUTE AbpBeTa
npemMunHaeaT B hasa AbNO0K MOKOWA.

Hali-ctyaeHmat mecel| B
pervoHa e siHyapwu. lNpe3 2017r. ce
Habnogasar MWUHUMaSTHM
Temnepartypn ot -27°C, kato npe3s

Tasy roAvHa oOBoOlHaTa naogoBa
NPOAyKUMS €  MOoYTM  HambjIHO
yHuLOXeHa.  ®eBpyapu  3anouyea
MOBMLLUABAHE HA MUHUMasHaTa W

cpefHaTa AeHOHOLHa Temneparypa,
KaTo C ToBa MOBULLEHME AbpBeTaTa
NOCTENEHHO MpPemMuHaBaT OT NbJIeH B
npuHyguTeneH nokoi. Haii-ronsama
OnacHOCT OT 3MMHM MNoBpeauM no
NAOAHWUTE MBMNKWM Ha crvBaTa € npes
MeceL, doeBpyapu 1 mapT.

2013

2014

2015 2@l6 2017

-10

-15

-20

-25

-30

RESULTS AND DISCUSSION

An analysis of the absolute

minimum temperatures in the period
November — March for the last ten
years was made (Figure 1).
From the analysis it was seen that the
temperatures began to decrease
significantly in the month of
December, when the fruit trees were
going into a phase of deep rest.

The coldest month in the region
was January. In 2017, minimum
temperatures of -27°C were observed,
and in that year fruit production was
almost completely destroyed.

In  February, the minimum and
average daily temperature started to
increase, and with this increase the
trees gradually move from full to
forced dormancy.

The greatest risk of winter damage to
plum fruit buds was in February and
March.

2018 2020 2021 2022

==@==January ==@==February ==@=March ==@==November e=@==December

dur. 1. AGCONOTHO MUHMMa/THX TeMnepaTypu 3a nepruoga HoemBpu-mapT

npes nocriegHUTe AeCeT roAnHN

Fig. 1. Absolute minimum temperatures for the period November-March

for the last ten years
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2022r. e cbC cpefHa roguiHa
TemnepaTtypa Ha Bb3gyxa 10.2°C,
KaTo He ce  OTK/NOHsABaA  OT
XapaktepHata 3a  palioHa  Ha
KiocteHgun. Tlo OTHOWeEHWe Ha
BaJIeXnNTe € Hali-cyxaTa roguHa 3a
nocnegHute 10 roguHu.

KonuyectBoTo Ha  rogulliHu
Basiexxu e 415.5 mm, koeTto e ¢ 32.0%
noj rogvlHaTa HoOpMa Ha BasiexuTe

3a paitoHa. [pocnegssaHeTo Ha
KNMMaTUYHUTE MoKasaTenu, uMatlu
OTHOLUEHVWE  KbM  LenMTe  Ha
u3cnefBaHeTo, 3anoyea OT cpeaata
Ha HOeMBpW, Korato C/VBOBUTE
ObpBETA Ca MPUKIYAIN  CBOATA
BereTauus " nocTeneHHo

npeMnHaBaT B 3UMEH NOKOW. 3UMHUST

nepvos Ha 2022-2023r. e
6naronpuaTeH 3a 3UMyBaHe Ha
AbpBeTara, Karto Hali-HuckaTa

MU3MepeHa TemnepaTypa Ha Bb3gyxa
e -13.9°C. fekemBpu e c¢ 1.3°C no-
BMCOKa Temneparypa B CpaBHEHUWe C
HopMaTa 3a palioHa, a meceL, AsHyapu
c 2.8°C, kaTo Te3u CTOWHOCTM ca
CpaBHUTENTHO BUCOKM.
UyBCTBUTE/THOCTTA Ha NbMKUTE
KbM 3amMpb3BaHe HenpekbcHaTo ce
npoMeHs npe3 3umarta. Korato ce
3anara ONMT € HEeBb3MOXHO Ja ce
HamMepu onpefgesieHa Temneparypa,
KOATO e Hali-nogxogasuwia  3a
rnokasBaHe peasHW pas3/iMKM Ha
nscneaBaHnTe coptose. MNMopaan To3m
hakT € npenopbuMTesIHO Jda ce
N3Mnon3Bar MUHUMYM TPU KPUTUYHK
TemnepaTypu npu BCAKO TpeTupaHe
(Pedryc et al., 1997). MNpe3 Tpute
eTana Ha npompassiBaHe, Mo Bpeme
Ha nepvoga Ha 3MMyBaHe, NoAHUTE
MbMKA Ha BCWYKM COPTOBE OsAXa C
MHOFO BMWCOK MPOLEHT HapaHsiBaHus
npu Temneparypa ot -25°C, TOoBa
nokasea, 4ye m3bpaHaTa Temneparypa
e TBbpae Hucka. Mpu 3ampassBaHe
Ha MbhKnTe npw apyrute

In 2022, the average annual air
temperature was 10.2°C, without
deviation from the typical for
Kyustendil region.

In terms of rainfall, it was the driest
year in the last 10 years.

The annual rainfall was 415.5
mm, which was 32.0% below the
annual precipitation norm for the area.
The tracking of climate indicators
related to the objectives of the study,
started from mid-November, when the
plum trees had finished their growing
season and were gradually going into
winter dormancy.

The winter period of 2022-2023 was
favorable for wintering the trees, with
the lowest measured air temperature -
13.9°C.

December was 1.3°C warmer than the
norm for the area, and January was
2.8°C warmer, and these values were
relatively high.

The sensitivity of the buds to
freezing was constantly changing
during the winter. When
experimenting, it was impossible to
find a particular temperature that was
most suitable for showing real
differences in the cultivars tested.

Due to this fact, it was recommended
to use a minimum of three critical
temperatures in each treatment
(Pedryc et al., 1997).

During the three freezing stages, in
winter, the fruit buds of all cultivars
had a very high percentage of
damage at a temperature of -25°C,

indicating that the temperature
chosen was too low.
In bud freezing at the other

temperature thresholds (-15°C and
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TemnepaTypHu nparose (-15°C n
-20°C), copToBeTe baxa
AndbepeHumpaHy cnopeg CTeneHTa Ha
HapaHsiBaHe (Tabnvua 1). [pwu
KOHTpONIMTE He 6aAXa KOoHcTatupaHu
nospeau.

-20°C), the cultivars were
differentiated according to the level of
damage (Table 1) In the controls, no
damage were found.

Tabnuua 1. YBpexgaHna Ha nnogHuTe Nbnku (%) Ha CIMBOBU COPTOBE
npu pas/IMyHU HMBA Ha 3aMpb3BaHe B SlabopaTopHU YC/10BUA (LeKeMBpU

AHyapu n heBpyapn)

Table 1. Damages to fruit buds (%) of plum cultivars at different levels of
freezing under lab conditions (December, January and February)

Coprt Cultivar
TeMﬂepaTypa ,El,aTa . Black Anna
Temperature Data Jojo Top Diamond Shpet Stanley(st)
%
13.12.2022 57.8 435 51.5 29.4 35.6
15°C 13.01.2023 8.2 5.7 40.2 22.7 20.9
13.02.2023 69.5 21.2 66.7 29.7 36.5
13.12.2022 100 76.5 71.8 57.0 78.4
20°C 13.01.2023 91.7 86.4 79.7 70.9 90.6
13.02.2023 100 100 100 100 100
13.12.2022 100 100 100 86.9 100
25°C 13.01.2023 100 100 100 100 100
13.02.2023 100 100 100 100 100
KonTpona 13.12.2022 0 0 0 0 0
Control 13.01.2023 0 0 0 0 0
(untreated) 13.02.2023 0 0 0 0 0
Mpe3 mecel, OEKEMBpU In the month of December, the

copToBeTe roKasBaT YymepeHa [0
BMCOKA YYBCTBUTESIHOCT KbM HUCKM
TemnepaTypu. MpuumHaTta 3a
BMCOKaTa 4YyBCTBUTE/IHOCT MOXe [a
ce 065iCHM C TOBa, Ye AgbpBeTarta He
ca NnoAroTBeHM 3a TakbB
TemnepaTypeH cTpec, nopaamn Tonans
eCeHeH Ce30H 3a KOHKpeTHara roguHa
(durypa 2). CbLo NOHMKABAHETO Ha
Temnepartypara go -15°C un -20°C He
ca XapakTepHum 3a Tasu yact oOT
roguHata (durypa 1). Mpu nbpBus
BapuaHT ¢ TemnepartypeH npar ot

-15°C, kaTO Hai-yCcTONYMB Ha HUCKM
TemnepaTtypu ce oTanyasa copT Anna
Shpet ¢ 29.4% noBpefeHN LBETHU
3auyarbum, ¢ nogobHa yCcTOMYMBOCT €
M crtaHgapTtHua copt C  35.6%
nospean. [llpu octaHannte copToBse

cultivars showed moderate to high
sensitivity to low temperatures.

The reason for the high sensitivity can
be explained by the fact that the trees
were not prepared for such
temperature stress due to the warm
autumn season of the respective year
(Figure 2).

Also, lowering the temperature to
-15°C and -20°C — are not typical for
this part of the year (Figure 1).

In the -1st variant with a temperature
threshold of -15°C, the most resistant
to low temperatures was Anna Shpet
cultivar, with 29.4% damaged flower
buds, with similar resistance was the
standard cultivar with 35.6% damage.

In the other cultivars the damage was
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nospegute ca ot 43.5% po
57.8%.Mpn  BTOpMA BapmaHt C
TemnepaTtypeH npar ot -20°C, kaTo
Hal-yCTOMYMB OTHOBO Ce OT/In4YaBa
copT Anna Shpet ¢ 57.0% noepeau. C
MHOIO BMCOKa YyBCTBUTE/NIHOCT €
copTbT Jojo, koilito e ¢ 100%
nospefeHn upetose. OcTaHanute
copToBe ca c nospegu ot 71.8% po
78.4%.

from 43.5 to 57.8%.

In the 2nd variant with a temperature
threshold of -20°C, Anna Shpet
cultivar was again the most resistant
with 57.0% damage. With very high
sensitivity was the cultivar Jojo, which
had 100% damaged flowers.

The rest of the cultivars had damage
from 71.8 to 78.4%.

12

10

days

N Precipitation (mm)

e Average t°C

e N, {°C e max. t°C

dur. 2. KnnmatnyHu nokasaresu 3a nepuoga ot 13-tm HoemBpu 4o 12

aexkemspu, 2022r.

Fig. 2. Climatic indicators for the period from November 13 to December

12, 2022

Mpe3 meceL, AHyapu C/IMBOBUTE
copToBe nokasaxa no-BMcoka
YCTOMYMBOCT Mpu TeMneparypa ot
-15°C B cpaBHeHue ¢ gekemBpu. Haii-
BMCOKa 4YYyBCTBUTE/IHOCT Mnokasa copT
Black diamond c¢ 40.2% noBpeau,
ocTaHa/iMTe COPTOBE ca C noBpeau
nog 23%. HexapaktepeH pesynrtar e
nonyyeH npu BapuaHTa C
TemnepaTtypeH npar ot -20°C, kaTo
copToBeTe nokasgatr  Mo-BUCOKa
YyBCTBUTE/IHOCT B CpaBHEHUE ¢
Mecel, fJekemMBpu. ToBa siBNeHWe ce

In  January, plum cultivars
showed a higher resistance to a
temperature of -15°C compared to
December. Black Diamond cultivar
showed the highest sensitivity 40.2%
damage, while the other cultivars had
damage below 23%.

An uncharacteristic  result  was
obtained for the variant with a
temperature threshold of -20°C, and
the cultivars showed a higher
sensitivity compared to December.
This phenomenon can be explained
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06sicHABa C Heobu4yaliHoO BUCOKMTE
Temnepatypu npe3 OEKemMBpuM U
aHyapu (durypa 3), koeTo OT CBOS
CTpaHa € Bb3MOXHO Aa NpPUYNHM
n3nn3aHe Ha AbpBeTara OT Ob/60K
nokoii. Mpwn Tasn Temnepartypa ¢ Hali-
pobpa CTyaoycTonuMBoCcT € CcopT
Anna Shpet ¢ 70.9% wetn no
NAoAHMTE MbIKU.

20

by the unusually high temperatures in
December and January (Figure 3),
which can cause the trees to come
out of deep dormancy.

At this temperature, the best cold-

resistant was Anna Shpet cultivar with
70.9% fruit bud damage.

12

10

days

| I Precipitation (mMm) e Average t°C emmmmmmin, t°C es——max. t°C|

our. 3. KnumatnyHu nokasartesin 3a nepuoga ot 13-tu gekemspu (2022r.)

0o 12 anyapwm (2023r.)

Fig. 3. Climatic indicators for the period from December 13 (2022) to

January 12 (2023)

Mpe3 wmecey eBpyapn, aOBa
OHW npean npompassasaHeTo Ha 10.02
€ OTyeTeHa TemnepaTypa Ha Bb3gyxa
oT -13°C (durypa 4) B npoabinKeHne
Ha OKO/I0 2 vyaca Mpu €eCTEeCTBEHM
YCNOBMS, KaTo Mpu OT4YnTaHe Ha
KOHTpo/nata He 6sfixa  OTKpUTK
NMOBpPEAEHN LIBETHM 3a4aTblLn, AOKATO
NMpv KOHTPO/SIMPAHOTO 3ampassBaHe
npu temnepatypa ot -15°C 3a gga
Yyaca nospegute ca 3HauntenHu. OT
Tesn pesyntatm ce BwkAaa, ue
NoHsKora Masikm pasnvkn B
Temnepatypute ot 1-2°C morat pga

In February, two days before
freezing on 10.02, the air temperature
of -13°C for about 2 hours under
natural conditions was recorded
(Figure 4), and damaged flower buds
were not reported in the control, while
in the controlled freezing at a
temperature of -15°C for two hours
the damage was significant.

From these results it can be seen that
sometimes small differences in
temperatures of 1-2°C can be
decisive in crop formation.
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6baat peluasaliy npu hopMmpaHeTo
Ha pekonTaTta. MNpn Temnepatypa oT

-15°C Hait-pobpa ycTomumBoCT
nokazaxa coprtosete Top (21.2%
noepean) u Anna Shpet (29.7%
nospeau). Hali-uyBCcTBUTENEH € COPT
Jojo ¢ 69.5% nospean. LLetnte npu
-20°C, Osxa 100% npu BCUYKK
copToBe, KaTto ToBa Cce 06scHsBa C
no-HanpegHaiaTa hasza Ha
NPVHYAMTENEH MOKOIA.

At a temperature of -15°C, the
cultivars Top (21.2% damage) and
Anna Shpet (29.7% damage) showed
the best resistance.

The most sensitive was cultivar Jojo
with 69.5% damage. Damage at
-20°C was 100% in all cultivars, and
this is explained by the more
advanced phase of forced dormancy.

I Precipitation (mm)

e Average t°C

e——min. t°C  e=——max. t°C

dur. 4. KnnumatnyHu nokasaresn 3a nepmoga ot 13-tm aHyapu go 12

theBpyapu, 2023r.

Fig. 4. Climatic indicators for the period from January 13 to February 12,

2023

OTtyeTeHa e cpefHarta
YCTONUMBOCT npu pasnnyHuTe
TemnepartypHu nparose u obuara
YCTOMUMBOCT Ha BCUYKM COPTOBE
(durypa 5). Haii-yctoitums npu -15°C
e copt Top c 23.5% noBpeaeHn
LuBeToBe, a Hal-uyyBCTBUTENIEH €
Black Diamond. Mpu TemnepaTtypa ot
-20°C Hait-ycToliuMB e copT Anna
Shpet ¢ 76.0% noBpean, a Hai-
yyBCTBUTE/IEH € copT Jojo ¢ 97.2%
nospegn. C  Hali-Bucoka  o6ua

The average resistance at
different temperature thresholds and
the total resistance of all cultivars
were reported (Figureb).

The most resistant at -15°C was the
Top cultivar with 23.5% damaged
flowers, and the most sensitive was
Black Diamond. At a temperature of

-20°C, the most resistant cultivar was
Anna Shpet with 76.0% damage, and
the most sensitive was Jojo with
97.2% damage. With the highest
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ycToiiumBocT e copT Anna Shpet | overall resistance was Anna Shpet
51.6% noBpeaw, a Haii-uyBcTBMTeNeH | 51.6% damage, and the most
e copt Jojo ¢ 71.2%. sensitive was Jojo cultivar with 71.2%.

CHumKa 1. HanpeyHn pa3pesn Ha N0AHU MbMKK
Photo 1. Cross-section of buds

97,2
100 87,6 89,7
90 83,8
76
80 g1z 68,3
70 60,3
60 557 51,6
45,
X 50
40 31
27,
30 23]
20
10
0
Jojo Top Black Anna Shpet  Stanley
Diamond

m-15°C m-20°C ® Mavarage

dur. 5. lNoBpeneHu NnoaHM 3a4aTbuUn, cpegHo npu -15°C n -20°C 3a Tpute
NOBTOPEHUNA U CpefHa YCTOMYMBOCT 3a BCEKU COPT

Fig. 5. Damaged fruit buds, averaged at -15°C and -20°C for the three
replicates and average resistance for each cultivar
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B kpaa Ha TOoBa uscnenBaHe
TpsibBa Aa ce kaxe, ye O0OMKHOBEHO
naogHMTE NBbNKA Ha  CAVBOBUTE
AbpBeTa ca € Nno-BucokKa ycTonuymeocT
Ha 3UMHW CTyAOBE OT MOJIyYEHUTE
pesyntatu. [puunHata 3a HUCKMSA
npar Ha U3gpPbLXANBOCT CE Ab/DKM Ha
HexapakTepHo Tonsiata 3vMmMa, 3a ToBa

siBNeHne cbobllaBa Gravite, KOWTO
cnepg nscnegBaHe npasu
3aK/IlyeHre, 4e npu TONAW  3MMMU

LeTTe OT HUCKM TemnepaTypu ca no
Bucokn (Gravite, 2022).

n3soan

MeTeoposiorMyHNTE  YC/I0BUS
3HAUUTESTHO nosnusieaTt Ha
CTYl0yCTOMYMBOCTTA Ha nNjogHuTE

MbMKW Ha U3cnefBaHuTe COpTOBeE.

Hali-gobpa ycTtoiuMBocT ce
nposiesiBa npe3 mecel sHyapu. Haii-
3HauuTeNHUTE WeTn ce Habnwgasar
npes  Mecey  despyapu. [Mpwm
NpOBEAEHOTO WU3CNedBaHe C Haii-
BMCOKa YCTOM4YMBOCT € copT Anna
Shpet. KaTto Haii-uyBCTBUTENEH Ha
HUCKM 3VMMHM Temnepatypu e copT
Jojo.

B nocnegHute roauHu coprta
Top npugobuBa BCe nNO rossiMa
nonynspHocCT n npeacTasnsBsa
WHTEpeC 3a NpoussoauTenuTe.

ChbLlMAT nokKasa MHOIO BUCOKa
YCTOMYMBOCT KbM HUCKU TEMMEPATYpU
M e noaxoAsuw, 3a MecToobuTaHus C
HWCKM TemMnepaTypu Npes 3umara.

BNTATOAAPHOCTN

Tosa nscnegsaHe e
noakpeneHo ot MMWHUCTEPCTBOTO Ha
obpasyBaHVeTO M  Haykata Mo
HaunoHasiHa  nporpama  ,Mnagu
YYEeHW N NOCTAOKTOPaHTU — 2.
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At the end of this research can

be said that usually the fruit buds of
the plum trees had a higher
resistance to winter frosts than the
results obtained.
The reason for the low resistance —
was due to the uncharacteristically
warm winter, a phenomenon reported
by Gravite, who after research
concluded that in warm winters the
damage from cold temperatures was
higher (Gravite, 2022).

CONCLUSIONS

Meteorological conditions
significantly  affected the cold
resistance of the fruit buds of the
studied cultivars.

The best resistance was
showed in the month of January. The
most  significant damage  was
observed in February. In the
conducted study, the cultivar with the
highest resistance was Anna Shpet.
The most sensitive to low winter
temperatures was the Jojo cultivar.

In recent years, the Top
cultivar has gained more and more
popularity and was of interest to
growers.

It showed very high resistance
to low temperatures and was suitable
for habitats with low temperatures in
winter.
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