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Abstract. In the last 90 years climate changes occurring on the Southern Coast of Crimea increase
the risks of plant damage by negative temperatures during the cold period that is especially dangerous for
deciduous evergreen non-native plant species. In order to reveal the special features of the photosynthetic
apparatus functioning in Olea europaea subsp. cuspidata and Olea europea L. cultivars with different
frost resistance, the dynamics of chlorophyll concentration in leaves was analyzed during cold periods
on the Southern Coast of Crimea (SCC). A series of experiments to assess the stress level by changes in
the photosynthetic processes were carried out under controlled conditions with an air temperature of -8°C
and different relative humidity regimes - 60% and 30%. Chlorophyll concentration was determined spec-
trophotometrically. To analyze the state of the photosynthetic apparatus and identify the most sensitive to
hydrothermal stress PS II links, the induced chlorophyll fluorescence (ICF) method was used. It was found
out that low air humidity combined with negative temperatures caused disorder in the functioning of the
oxygen-evolving complex in the frost-resistant cultivar 'Nikitskaya' and an increase in unreduced Qa in
'Correggiolo' cultivar, characterized by low resistance to negative temperatures. The pressure of negative
temperatures together with high air humidity also caused a decrease in the maximum and variable fluores-
cence in O. europaea cultivars. However, there were no changes in the processes of plastoquinone reoxida-
tion. In Olea europaea subsp. cuspidata, irreversible inactivation of PS II occurred under these conditions.
It was revealed that during the cold period of 2019-2020, the total content of chlorophylls "a" and "b" in
the leaves of Olea europaea subsp. cuspidate and Olea europea L. cultivars ranged from 0.91 to 2.54 mg/g
dry weight. During the cold period in 2020-2021, significantly less photosynthetic pigments accumulated
(0.52-1.9 mg/g), because of a long-drawn-out drought at the beginning. Frost-resistant cultivars were char-
acterized by high chlorophyll content. Cultivars and subspecies with relatively low frost resistance showed
a decrease in the chlorophyll amount after the frost onset. The potentially frost-resistant cultivar Nikitskaya
is characterized by a more stable chlorophyll content during cold periods. The results obtained can be used
to optimize O. europaea assortment in the regions where it is grown.
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Climate changes significantly affect all areas of
human activity. This problem is especially clear in
the field of crop production in the Southern regions.
Since it is here changes in the hydrothermal regime are
associated with aridization, and accompanied by an
increased probability of recurrent frosts and provoca-
tive thaws during the cold period. [1, 2]. Analysis of
weather conditions on the southern coast of Crimea
for over the past 90 years has shown that, despite the
trend towards warming, the risks of plant damage by
negative temperatures will increase. This is especially
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dangerous for deciduous evergreen non-native plant
species [3, 4]. For Olea europea, the most dangerous
are advections of cold air masses, often on the southern
coast of Crimea, since we have previously found that a
high level of water deficit in the leaves of Olea europea
cultivars negatively affects their frost resistance [5].
Analysis of the existing scientific sources with
the research results about the effect of negative tem-
peratures on Olea europea plants, showed that most
researchers do not take into account accompanying
meteorological factors [6-8]. In this regard, studies
of the complex effect of negative temperature and air
humidity combinations on the functional state of the

BECTHUK BI'Y, CEPUA: XUMUSA. BUOJIOI' M. DAPMALIS, 2025, Ne 2 49



Hanui A.E., I'vbanosa T.b.

photosynthetic apparatus in Olea europea, as well as
the dynamics of chlorophyll concentration during the
cold period, allow us to reveal their contribution to
the winter hardiness formation. Therefore, the goal
of our studies was to identify the special features
of chlorophyll accumulation in Olea europea culti-
vars and its subspecies O. europaea subsp. cuspidata
during two cold periods and photosynthetic processes
under various hydrothermal conditions.

MATERIALS AND METHODS

The objects of the investigations were the leaf ap-
paratus of Olea europea cultivars 'Ascoliano', 'Coreg-
giolo', 'Nikitskaya' and its subspecies O. europaea
subsp. cuspidate with various frost tolerance, which
decreased in the line: 'Nikitskaya' - 'Coreggiolo’ - 'As-
coliano' - O. europaea subsp. cuspidata. Critical tem-
peratures are in the range of -8°C ... -14 ° C. [9]. The
aim of the research was to identify the special features
of chlorophylls "a" and "b" accumulation during the
cold period on the southern coast of Crimea (SCC)
and reveal the effect of air humidity on the photosyn-
thesis processes under negative temperatures. Leaves
selected from middle part of a one-year shoot were
used for the research. The total chlorophyll amount
was determined in the leaves during the cold periods
(November-March) 2019-2020 and 2020-2021 by
spectrophotometric method [10]. Experiments on the
air humidity effect under pressure of negative tem-
peratures were carried out on leafy annual shoots in
the climatic camera (Binder MKF 115). Variant 1 —
the effect of a temperature of -8°C for 6 h., at a rela-
tive humidity of 60%. Variant 2 — the effect of a tem-
perature -8°C for 6 h., at a relative humidity of 30%.
Leafy shoots maintained at a temperature of + 8 ° C ...
+ 10 °C for 12 h. were used as a control. The level of
real water defecate in the leaves of cultivars and sub-
species O. europaea was determined using the M.D.
Kushnirenko method during the research period [11].

The state of the photosynthetic apparatus was as-
sessed by the method of chlorophyll fluorescence in-
duction using a fluorometer — "Floratest" [12]. The
following parameters were analyzed: F — basic flu-
orescence; Fm — maximum fluorescence; Fpl — flu-
orescence at the time of its temporary deceleration;
Fs — stationary fluorescence level. On the basis of the
measured parameters, we calculated the variable fluo-
rescence (Fv), Fpl-F0)/Fv — the number of unreduced
Qa in the reaction centers of PS II; Fv/F0 — the ratio of
the speed constants in the reactions of photochemical
and non-photochemical inactivation of excitation in PS
I1, as well as Fm/Fst — the fluorescence decay coeffi-

cient (viability index) and Fv/Fm — the efficiency of the
light phase of photosynthesis [13]. The experiments
were made in 3 replications. The obtained data were
analyzed using MS Excel 2007 software. Significance
in the differences between the variants was tested by
Student's t-test at 0,05 level. The tables and graphs
demonstrate the means and their standard errors.

RESULTS

According to the data by agrometeorological sta-
tion “Nikitsky sad” the cold period of 2019-2020 was
characterized by higher temperatures, compared to
2020-2021. The average temperature was 7,8°C and
exceeded the climatic norm by 3,3°C. The cold period
2020-2021 was more humid. Precipitation was 70%
of the climatic norm, while from November to March
2019-2020 it was only 28%.

However, by the beginning of the cold period
2020-2021, a high water deficiency (up to 15-18%)
was noted in the leaves of the studied Olea europea
cultivars and subspecies. It developed due to the long
prior drought. In general, in 2020, precipitation was
60% below the norm and 109 mm less than in the
previous year. Such conditions resulted in a decrease
in the potential frost tolerance of the O. europaea
cultivars and subspecies, most significantly in O.
europaea subsp. cuspidata and 'Ascolano' cultivar.
Analysis of the total chlorophylls "a" and "b"
amount in olive leaves, during the cold periods of
2019-2020 and 2020-2021 on the southern coast of
Crimea, demonstrated that in 2019-2020, chlorophyll
concentration in the leaves of O. europaea cultivars
and subspecies, on average, was 35-40% higher than
that in the cold period of 2020-2021.

Changes in chlorophyll amount in the leaves of
weakly tolerant cultivars 'Ascoliano' 'Koreggiolo' and
O. europaea subsp. cuspidata in the cold period of
2019-2020 were the same (Tabl. 1). In November, the
maximum concentrations of pigments were revealed,
and at the end of the cold period their amount was
minimal. The leaves of the frost-tolerant cultivar
'Nikitskaya' were characterized by the maximum
content of chlorophyll in the coldest month, January.
The dynamics of chlorophyll concentration during
the cold period of 2020-2021 also had a number
of differences. In the cultivars 'Ascoliano’ and
'Koreggiolo', undulating changes in concentration
were noted. In the leaves of O. europaea subsp.
cuspidata, a 35% decrease in the pigments amount
was noted in December. Cultivar 'Nikitskaya' was
characterized by slight fluctuations in chlorophyll
concentration.
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Table 1.
Total chlorophyll amount in the olive leaves in the cold periods of 2019-2021
. . Chlorophylls “a” and “b” amount, mg/g
Cultivars and subspecies November December January February March
2019-2020
'Ascoliano’ 2,54+0,12 1,99+0,09 1,82+0,08 2,11+0,09 1,09+0,05
O. europaea subsp. cuspidata 1,18+0,06 1,10+0,06 0,94+0,05 1,05+0,06 0,91+0,04
'Koreggiolo' 2,32+0,11 2,06+0,10 2,21+0,10 2,40+0,12 2,16+0,10
'Nikitskaya' 2,3440,12 1,92+0,09 2,4540,13 2,12+0,08 1,79+0,08
2020-2021
'Ascoliano’ 1,32+0,07 1,67+0,07 1,47+0,05 0,96:+0,04 1,24+0,03
O. europaea subsp. cuspidata 0,83+0,04 0,52+0,02 0,81+0,03 0,77+0,02 0,78+0,02
'Koreggiolo' 1,78+0,08 1,46+0,05 1,90+0,09 1,67+0,08 1,37+0,03
'Nikitskaya' 1,21+0,06 1,21+0,04 1,16+0,03 1,34+0,05 1,22+0,04

In variant 1, a decrease in the base, maximum, sta-
tionary and variable fluorescence was noted in the cul-
tivar 'Nikitskaya' by an average of 23-25% (Tabl. 2).
The decay coefficient, the efficiency of the light phase
of photosynthesis, the ratio of the speed constants in the
reactions of photochemical and non-photochemical in-
activation of excitation and the number of unreduced Q,
in the reaction centers of PS II didn't change. In variant
2, significant changes in the functioning of the photo-
synthetic apparatus in Nikitskaya' cultivar were found
out: an increase in basic and stationary fluorescence by
66% and 33%, respectively, and a decrease in the ra-
tios F /F_, F /F, F /F . The same changes were noted
when studying the state of the photosynthetic apparatus
in 'Ascoliano' cultivar. In O. europaea subsp. cuspidata,
destruction in PS II was recorded even under air humid-
ity of 60%. As for the cultivar 'Koreggiolo', a slightly
different picture was observed under the conditions of
this experiment. Changes in FI parameters in variant 1
were insignificant. Under the conditions of variant 2, the

variable fluorescence significantly decreased and the
number of unreduced Q, in the PS II reaction centers
increased.

DISCUSSION

Summarizing the obtained data, we can conclude
that the effect of a temperature -8°C for 6 hours at air
humidity of 60% has a less damaging effect compared to
the same temperature regime, but at a humidity of 30%
for all studied cultivars and subspecies of O. europaea.
Presented data correspond to the previous studies,
which demonstrated that, in O. europaea species, a high
level of water deficit in winter negatively affects their
frost tolerance, in contrast to other evergreen plants
of Oleaceae family [14]. The revealed changes in FI
parameters in the cultivar 'Nikitskaya' under conditions
of relatively high air humidity indicate a decrease in
the efficiency of excitation energy transfer from light-
harvesting complexes to the PS II reaction center and
an increase in the amount of chlorophyll involved in

Table 2.
Chlorophyll fluorescence induction (FI) parameters in O. europaea cultivars and subspecies
at different relative air humidity and temperature -8°C
Parameter | FO | Fpl | Fm | Fst | Fv | Fv/Fst | Fv/Fm | Fv/FO | (Fpl-FO)/Fv
'Nikitskaya'
Control 432+14 80021 1440+27 43249 1008 2,33 0,70 2,33 0,37
Variant 1 336+11 592+14 1120429 352412 784 2,22 0,70 2,33 0,33
Variant 2 720+£17 864+18 1168+24 576+14 448 0,78 0,38 0,62 0,32
'Ascoliano’
Control 336+9 592+13 1232423 432+10 896 2,07 0,73 2,67 0,29
Variant 1 304+11 496+12 1024+25 336+8 720 2,21 0,70 2,39 0,27
Variant 2 - - - -
O. europaea subsp. cuspidata
Control 192+11 33648 656£16 224+9 464 2,07 0,71 2,42 0,31
Variant 1 208+14 288+9 496+13 224 +6 288 1,85 0,58 1,38 0,28
Variant 2 - - - -
'Koreggiolo'
Control 272411 512422 | 148824 | 352412 1216 3,45 0,82 4,47 0,20
Variant 1 272+15 560+£21 1248428 320+10 976 3,05 0,78 3,59 0,30
Variant 2 192+6 496+19 1024+23 288+19 832 2.89 0,80 4,30 0,37
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energy transport [15]. Relatively low amplitude of
fluctuations in chlorophyll concentration provides this
cultivar to maintain a “pool” of photosynthetic enzymes,
and to a certain extent stabilize the work of PS II under
unfavorable hydrothermal conditions of the cold period.
Despite its high potential frost tolerance, this cultivar is
sensitive to the complex pressure of low air humidity
and negative temperatures. The beginning of irreversible
disorders in such conditions is evidenced by a decrease
in Fv/Fst below the vitality norm. This reaction is
probably due to a decrease in the viscosity of thylakoid
membranes and abnormalities in the functioning of the
oxygen-evolving complex in PS II [16-18]. [rreversible
inactivation of PS Il in O. europaea subsp. cuspidata
under the air humidity of 60% is due to the fact that
the temperature of -8°C is critical for this cultivars and
subspecies [5]. In addition, O. europaea subsp. cuspidata
is characterized by the lowest amount of chlorophylls.
During the periods of air temperature drop to negative
values, this subspecies showed a decrease in chlorophyll
amount that reduces the “safety margin” in PS II [19].
Of great interest are the results of photosynthesis
processes studies in the weakly tolerant cultivar
'Koreggiolo', which did not show any critical changes
in FI parameters, in all variants of the experiment. This
is probably due to the cultivar characteristics and the
presence of mechanisms that ensure the functioning of
the photosynthetic apparatus under conditions of cold
desiccation. It has been previously reported that some
species potentially tolerant to strong stress pressure
can't resist to prolonged stress, or to the complex stress
factors pressure [20].

CONCLUSION

It was found out that chlorophyll accumulation in
annual leaves depends on specific weather conditions.
The drier conditions in 2021 caused a decrease in chloro-
phylls amount in all studied cultivars and subspecies of
O. europaea. Cultivars characterized by low frost toler-
ance and O. europaea subsp. cuspidata accumulate less
chlorophylls. Analysis of O. europaea photosynthetic
apparatus functioning under pressure of negative air
temperatures and different air humidity (30% and 60%)
demonstrated that abnormalities in PS II functioning are
most intensive at low humidity. It has been revealed that
olive cultivar 'Koreggiolo', in spite of its low potential
frost tolerance, is quite resistant to conditions imitating
winter drying. Presented data can be used to select ol-
ive cultivars with a high adaptive capacity to the condi-
tions of the northern border of the cultural area. Further
studies of a number of physiological and biochemical
parameters in both O. europaea cultivars and other ever-

green species of the Oleaceae family will reveal charac-
teristics for an objective diagnosis of their tolerance to a
complex of stress factors, as well as explore the aspects
of adaptation strategies within the family.

The studies were carried out on the equipment of the Center
for Collective Use "Physiological and Biochemical Research of
Plant Objects” (PBR PO) FSFIS "NBG-NSC" (Yalta, Russia).
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@I'BYH «Huxumckuii bomanuuecxkuii cad — Hayuonanvnoii nayunoiii yenmpy PAH

AnHoTauus. 3menenus xnmnMmara, npoucxosmue Ha FOxaOM Oepery Kpeima B mocnenaue 90 ner
MIOBBIIIAIOT PHCKU TTOBPEXACHUS PACTCHUH OTPUIATENbHBIMU TEMIIEPAaTypaMH B XOJIOAHBIN MEPUOJ, UTO
0COOCHHO OMACHO ISl TUCTBEHHBIX BEUHO3EJIEHBIX NHTPOAYNEHTOB. C 1IeNbI0 BBIIBICHUSI 0COOCHHOCTEH
paboTel hoTocHHTETHYECKOTO anmnapara y coptoB Olea europea L. u mogsuna Olea europaea subsp. cusp-
idata, ¢ pa3nUIHON MOPO30CTOMKOCTBIO OBLT MPOBEAEH aHAIN3 TUHAMHUKH KOHIIEHTPAUU XJIOPO(DHUIIIOB B
JUCTBAX B TEUCHHE XOIONHBIX reproaoB Ha FOxxnoM 6epery Kpsiva (FOBK). B koHTpOnmpyeMbIX ycioBu-
SIX TIPHU JIGHCTBHUU TEMIIEPATyphl Bo3ayXa -8°C U pa3IMuHbIX PeXUMaxX OTHOCHTENIBHON BiIaxkHOCTH 60% 1
30% OblIa mpoBeieHa CepHst IKCIIEPUMEHTOB 110 OLIEHKE YPOBHS CTPECCOBOTO COCTOSHUSI IO M3MEHEHUSIM
B TEYCHUH (DOTOCHHTETHUIECKUX ITponeccoB. KOHIEHTpAIHIO XJI0pOGIILIOB ONPEACISUTH CIEKTPOpOTOME-
TpUYIECKNM MeToioM. [l aHanmm3a cOCTOSHUS (POTOCHHTETHUECKOTO ammapara U BBIIBICHHUS HanOosee
YyBCTBUTEIBHBIX K IHApoTepMHUYecKOMy cTpeccy 3BeHbeB DC I, mcronap30Bamy METO HHAYKINPOBAH-
HOM (hiryopecuentmu xmopodmwmia (MDX). YcTaHOBIEHO, 9TO HU3KAs BIAXHOCTH BO3AyXa B COUYCTAHHH
C OTPHLATENBHON TEMIIEPaTypol BBI3BIBACT HAPYIICHHS B pabOTE KHUCIOPOABBIAEISIONIETO KOMIUIEKCA y
MOpPO30CTONKOTO copTa 'HUKHMTCKas' M yBennYeHne HEBOCTaHOBIEHHBIX () 'y copTa 'Kopemkuono', xapak-
TEPU3YIOILErocs HU3KOM yCTOMYMBOCTBIO K OTPULATEJBHBIM Temueparypam. JleficTBUE OTpULIATENbHOM
TEMIIEpaTypbl B KOMIUIEKCE C BBICOKOHM BIIa)KHOCTBIO BO3JyXa TAKXKE CTAJIO0 NPUYNHOM CHIKEHMS Mak-
CHUMaJIbHON U BapmabenbHOW (iryopecueHmm y coptoB O. europaea. OmHaKO M3MEHEHHUH B Ipoleccax
PEOKHCIIEHHUS TUTACTOXHHOHOB BBIABICHO He Obwio. Y momsuna Olea europaea subsp. cuspidata B 3TuX
yCIoBHAX, mpou3onuia HeoOparnmas uHaktuBanmst OC II. BersrneHo, uyto B xomomubii mepuox 2019-
2020 rT. cymMMapHOe conepKaHnue XJIopouimioB «a» u «b» B mHCThAX copToB Olea europea L. m monBuma
Olea europaea subsp. cuspidata xonebanocs B mpenenax 0,91-2,54 mr/r B mepecyere Ha Cyxoil Bec. B
xonmomubIii mepuox 2020-2021 IT. pOTOCHHTETHYIECKUX MUTMEHTOB HAKAIUIMBAJIOCh 3HAYUTEIEHO MEHBIIIE
(0,52-1,9 mr/r), 9TO CBSI3aHO C [UINTENFHON 3aCYXOH B €ro Hadane. Mopo30CTOHKNE TeHOTHITHI XapaKTepH-
30BaIMCh OONBIIAM COEpKaHHEM XJopodmmia. Y COpTOB ¢ OTHOCHUTENHFHO HU3KOH MOPO30CTOMKOCTHIO
HaOJII0/IaJIOCh CHIDKEHHE KOJIMYECTBA XJIOPO(IIIIIOB OCIE HACTYIUICHHT MOpo30B. IloTeHmansHo Mopo-
30CcTOMKHI copT HukuTCKas ommmyaercs: 6osnee cTaOMIBHBIM COIEPKAHUEM XJIOPO(DIIIIOB B TEUEHUE XO-
JIOAHBIX TiepruonoB. [lomydeHHbIe pe3yabTaThl MOTYT OBITH HCHOJIB30BAHBI AJISI ONTHMH3ALUN COPTHUMEHTA
O. europaea B pernoHax €€ BbIPAIINBAHUSI.
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