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Abstract

A patented warning method for late-frost damage in orchards based on phenoclimatic
simulation was used to analyze the late-frost damage probability (LFDP) trends for sour cherry in
Romania for the decades of 2013-2022 and 2000-2009. Areas with the lowest LFDP were identified
in the south, and southeast, as well as in narrow north-eastern and western sectors (p<16%, i.e.
damage may occur less than once every seven years). Above 30% LFDP was found in the west
(Lipovei Hills), the north of the Western Plain and Transylvanian Depression, the south of Western
Carpathians, Getic and Curburii Sub-Carpathians, and especially in areas located in the south-
eastern part of the Transylvanian Depression, with an LFDP>40% (damage more frequently than
once every 2.5 years). Compared to the decade 2000-2009, no changes in LFDP were observed in
the Getic Plateau, the west of the Romanian plain, and southeast of the Dobrogea Plateau. Areas
with the most unfavorable evolution were located in the eastern part of the Transylvanian
Depression (where LFDP increased by 10-12%) and the east of the Moldavian Plateau (LFDP of 9-
10%). The study warns of the danger represented by the increase of the frequency and intensity of
the damages caused by the late frosts under the conditions of the climatic changes of the last 25
years.

Cuvinte cheie: accidente climatice, soiul ‘Crisana’, umflare muguri, dezmugurire, inceputul infloririi,
sfarsitul infloririi

Key words: climatic accidents, ‘Crisana’ cultivar, bud swelling, budburst, beginning of flowering, end of
flowering

1. Introduction

Sour cherry (Prunus cerasus L.) is a fruit species grown mainly in temperate continental climates,
in eastern and central Europe, Asia (SE), and the United States (NE) (Schuster et al., 2026), valorized
primarily by processing (Stan et al., 2024; Sokoét-tetowska et al., 2020; MiloSevié and MiloSevi¢, 2020;
Corneanu et al.,, 2021). Through the long shelf life, quality, and diversity of the derived products
(Ropelewskaet al., 2023; Kotliar et al., 2025), sour cherry contributes significantly to the sustainable use
of fruit resources.

The growers' interest in sour cherries places Romania in 14™ place in the world in terms of
cultivated area (2,570 ha) and in 12t place in terms of production (29,000 t). In addition, the investments
in modern sour cherry orchards ensured Romania's 5% place worldwide with a productivity of 112,724
hg/ha (FAO, 2022). Although the main fruit species grown in Romania is plum (Butac, 2021; Butac et al.,
2022), according to INS data (2014-2024), the sweet-sour cherry group ranks fourth in surface and third
in production in Romanian fruit growing, confirming the species' constant economic importance. The
annual fluctuations of sour cherry fruit production and quality reported by previous studies (Chivu et al.,
2018; Marin, 2024; Mihut et al., 2024; FAO, 2025; INS 2014-2024) are caused by the interaction between
genetic factors, orchard technology, and environmental conditions, especially during critical periods of
plant organ development. Among them, climatic factors exert a complex and more pronounced effect on
growth and fruiting than genetic or technological ones (Paltineanu and Chitu, 2006; Chitu and Paltineanu,
2006).

Climate warming, produced in particular by increasing daytime temperatures, has led to an
advance in spring phenological stages (Fu et al., 2016; Meng et al., 2020; Mo et al., 2023; Tao et al.,
2021; Kim et al., 2024), a trend also observed in South-Eastern Europe in the main fruit tree species
(Chmielewski et al., 2004; Vogel, 2022). According to IPCC climate scenarios (2023) and EEA analyze
(2024), an increase in average annual temperature of 1.5-2.4°C is anticipated until 2050, which could
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explain further phenological advances reported in South-East Europe. Moreover, climate models project
additional advances of 12—-23 days in the period 2050—2085 for species such as plum, apple, and pear,
depending on the climate scenario and region (Menzel et al., 2020; Coppola et al., 2021; Sugiura, 2025).
In South-Eastern Europe, including Romania, these trends are confirmed by multi-year observations and
phenoclimatic models, which warn of the increased sensitivity of early fruit species to temperature
variations in March and April (Paltineanu & Chitu, 2006; Chitu and Paltineanu, 2006; Chitu et al., 2011;
Bandoc et al., 2022).Several studies (Chitu and Paltineanu, 2020; Zhong et al., 2023; Daramola et al.,
2024; Liu et al., 2024) have shown that, although maximum temperatures continue to rise, nighttime
minimum temperatures during March and April have increased at a noticeably slower rate. These
conditions led to warm spells followed by temperature drops below the critical thresholds for fruiting
organs (Chitu et al., 2011; Lamichhane, 2021; Drepper et al., 2022). This thermal asymmetry explains
why late frost events may become more frequent and more destructive, even in a general context of
climate warming (EEA, 2024; FAO, 2023).

The agroclimatic models applied in the last decade also confirm in Romania an increase in the risk
of late frost, especially in the low hilly and plain areas of the south and east (Paltineanu and Chitu, 2006;
Mazilu et al., 2025). Since fruit tree species are perennial and the life span of an orchard is 15-20 years,
the identification and mapping of areas with high risk of late frost, together with detailed phenological and
climatic monitoring, become indispensable tools for the adaptive management of fruit orchards and for
maintaining the stability of cherry production in the conditions of current climate changes.

2. Material and methods

The dynamic of minimum and maximum air temperatures in February, March, and April, in 10
years, during 2000-2009 and 2013-2022 periods (°C) was analyzed. The floral organs damage probability
for 'Crisana' sour cherry cultivar was calculated in four phenological intervals delimited by the
phenophases Code 51 BBCH, 53 BBCH, 61 BBCH, 69 BBCH and 71 BBCH Monograph, using OSIM
patent no. RO127444/30.11.2010 - "System and method for warning about the effects of late frosts in
orchard through pheno-climatic simulation”. For this purpose, a database of phenological observations of
57 years (1969-2025) was used to study the dynamics of the first four spring phenophases, i.e. bud
swelling, budburst, beginning of flowering, and end of flowering for sour cherry (Prunus cerasus L.)
'‘Crisana’ cv. in Maracineni, Arges County, Romania. Based on these data, the probability of each
phenophase occurring was calculated. The entire method was presented in another papers (Chitu and
Paltineanu, 2006; Chitu et al., 2008 and 2011). The occurrence date of the first phenological phases of
the generative organs, i.e. bud swelling (51 BBCH), budburst (53 BBCH), flowering onset (61 BBCH), and
end of flowering (69 BBCH) was presented during the 2000-2009 and 2013-2022 period (°C).

Critical temperatures used for sour cherry generative organs were considered according to Murray
(2011): -3.3°C for bud swelling — budburst, -2.2°C for budburst -flowering onset, -2.2°C for flowering
onset-end of flowering, and -1.5 for the end of flowering-young fruit interval. Mean, maximum, and
minimum daily temperatures between February 1st and May 31st for the 2000-2022 period were used to
calculate the probability of critical temperatures for sour cherry generative organs in the four
phenophases. The phenophases’ probability and critical temperatures’ probability for sour cherry floral
organs were compared between 2013 and 2022 for Maracineni, Arges County.

It was established that floral organs can be damaged only when the phenophase and critical
temperature for this phenophase occur simultaneously. To calculate the damage probability for sour
cherry floral organs, the protocol previously described by Chitu and Paltineanu (2006) and Chitu et al.
(2011) was followed. The dynamics of the floral organs damage probability, as a consequence of the late
frosts, for ‘Crisana’ sour cherry cultivar during 2000-2009 and during 2013-2022 decade were compared
in Maracineni, Arges for each decade in the February-May interval. To expand results to the entire
Romanian territory, data from the other 28 weather stations have been used.

3. Results and discussion

An analysis of the maximum temperatures’ evolution in February, March, and April, carried out for
28 localities in Romania in the periods 2000-2009 and 2013-2022 (Fig. 1-3), highlighted the warming of
February, covering the entire territory, of at least 0.9°C per decade. A more pronounced warming was
observed in the west, north-west, and central areas of the country, where a maximum temperature
increase of 1.5°C and 2.0°C per decade occurred. The weakest increase in maximum temperatures, of
0.9-1.3°C per decade, was mainly concentrated in three small areas placed in the west of the Romanian
Plain, Getic Plateau and Getic Sub-Carpathians, the northwest of the Romanian Plain (around Buzau),
and in the north of the Moldavian Plateau (centered on Suceava, Fig. 1). The warming trend continued in
March (by up to 1°C per decade, Fig. 2), except for the south of the country, in the Oltenia Plain and
south of the Central Sector of the Romanian Plain and Dobrogea, where maximum temperatures dropped
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slightly, by up to 0.3°C per decade. At the opposite pole, the highest increase in maximum temperatures
(by 0.6-0.9°C per decade) was found in an area that goes up from the northeast of the Tarnavelor Plateau
and the Transylvanian Plain, crossing the north of the Somesan Plateau, toward the northern part of the
Western Plain. In April, marked by an average evolution of maximum temperature of about 0.3°C per
decade (Fig. 3), two regions with opposite trends stood out: the northern half of the Western Plain and
Western Hills, where cooling occurred by up to 0.4°C, and the Dobrogea Plateau, where maximums rose
by 0.9°C. This warming, especially the February warming, stimulates an earlier onset of sour cherry
vegetation onset, followed by an advance of subsequent phenophases.

To understand the climatic context under which the vegetation onset, budburst, and flowering of the
sour cherry occurred, an analysis regarding the dynamics of minimum temperatures during February-April
was also carried out, and the area’s most exposed to the risk of late frosts were highlighted. As shown in
Fig. 4-6, February was marked by an increase in minimum temperatures, which, similar to maximums,
covered the entire country. Basically, February minimums increased by 0.8-2.0°C per decade (values
very close to the 0.9-2.0°C per decade found for maximum temperatures). The most pronounced increase
in February minimum covered almost the entire Transylvanian Hilly Depression and the northern half of
the Western Plains and Hills. The weakest increase (by 0.8-1.3°C per decade) was observed in the east
of the country, as well as in the west of the Romanian Plain.

This aspect is particularly important because, as the maps of the minimums, in March and
especially in April (Figs. 5 and 6), present, in the northwestern sector, after a warmer February, two
months of lower minimums followed. Moreover, the most intense decrease was recorded in April, when
the floral organs had already acquired a phenological advance and become susceptible to damage
caused by even a 2-3°C drop below zero. Susceptibility to damage caused by late spring frosts is even
higher, as, in sour cherry, the thermal threshold between 10% and 90% damage probability is only 1-2°C
(Murray, 2011; Stepulaitiené & Stanys, 2013; Longstroth, MSU Extension).

In general, in March the minimum temperatures oscillated close to their multi-year values and, as
shown in Fig. 5, it was possible to distinguish three areas with slight cooling (up to 0.4°C) located in the
Transylvanian Plain, the northern parts of Somesului Plain and Silvania Hills, and in the south of the
Western Hills.

The analysis of April minimum temperature trends highlights the risk areas, where the minimum
values decreased by up to 0.6°C during 2013-2022 compared to the 2000-2009 decade, following prior
increases in February maximum temperatures. These areas were mainly located in the northern half of
the country, in Hunedoara County, and in the north-east of the Tarnavelor Plateau. Additionally, areas
located in the Timis Plain (centered on Timisoara), in the northern Silvaniei Hills, around lasi, and a small
zone around Targu Jiu were identified, showing more moderate decreases in minimum temperatures - up
to 0.4°C.

The increase in maximum temperatures during February-April resulted in the last 57 years in earlier
vegetation onset and accelerated progression of next phenophases (Code 51 BBCH, 53 BBCH, 61
BBCH, and 69 BBCH). To better understand both the phenophase tendency and the intensity of this shift,
the dynamics of the beginning of bud swelling, budburst, flowering onset, and the end of flowering were
graphically represented for the period 1969-2025 (Fig. 7).

It was therefore highlighted that the beginning of bud swelling and budburst were more strongly
(and significantly) advanced compared to the beginning and end of flowering. Thus, in 2025, the
vegetation onset occurred 21 days earlier, and budburst began 13 days earlier than in 1969. The
beginning and end of flowering registered advances of 8 and 4 days, respectively.

A comparison made for the decade 2013-2022 between the probability that the floral organs
undergo the transition between the onset of two phenophases (bud swelling- budburst, budburst -
flowering onset, beginning and end of flowering, and end of flowering-fruit set) and the probability of the
simultaneous occurrence of minimum temperatures below the damage threshold of the respective
phenophase is shown in Fig. 8.

Of particular interest are the areas that overlap. A complete overlap can be observed between the
probability that the sour cherry undergoes the interval between the beginning of bud swelling to budburst
and the probability of minimum temperatures reaching critical values for floral organs (-3.3°C). The
significance of this overlap is that throughout this phenological interval, there is a risk of damage caused
by late frost.

A similar situation was observed for the period between budburst and the beginning of flowering,
although in this case, the last pentad of the phenophase was free of risk (the probability of critical
temperatures was zero). The first five pentads of the period between the beginning and the end of the
flowering were under the threat of minimum temperatures equal to or below the critical threshold (-2.2°C),
while the frost-free interval extended to three pentads in this phase. It was also observed that the period
of occurrence of the critical minima (-1.5°C) was limited to the three pentads corresponding to the onset
of the phenophase.
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The comparative analysis of the probability of damage to the floral organs for each phenological
interval from February 1 to May 31 in the two periods, 2000-2009 and 2013-2021 (Fig. 9) indicated a
slight increase in the probability of damage before budburst starting with the fifth pentad of the analyzed
interval and peaking in the tenth pentad, with an increase of 4.9%. Slight oscillations were observed
thereafter, consisting of a reduction in the probability of damage between budburst and flowering onset,
between the second and the fourth pentads of March, followed by an increase in the probability of
damage until the second pentad of April. After this point, although lower compared to the first analyzed
decade, the risk of damage caused by late frosts persisted until the fifth pentad of April. An increase in
the damage probability during the flowering period was also noted, especially at the beginning of
flowering, in the second pentad of April, when the probability rose from 0.3% to 0.8%, followed by a
decrease towards the end of the phenophase. Finally, a higher probability of damage occurrence was
recorded after fruit set, associated with the earlier onset of this phenophase, culminating in a rise from
0.7% to 2.4% during the fifth pentad of April.

The geostatistical interpolation of the probability of the late-frost damage probability (LFDP) in the
sour cherry cultivar 'Crisana’ across Romania, calculated for 28 localities (Fig. 10), revealed that during
the period 2000-2009, the areas where climatic accidents occurred most frequently (once every five
years) were mainly concentrated in the eastern part of the Oriental Carpathians and in the eastern and
southeastern parts of Transylvania. The most favorable areas, where damaging late frosts occurred only
once every ten years, were located in the southwestern half of the Romanian Plain and along a strip in
the eastern part of the country, extending from lasi County to Galati and continuing into the Dobrogea
Plateau.

During the period 2013-2022, the risk of damage increased across almost the entire country (Fig.
11). Moreover, the areas where the probability of damage was below 10% (corresponding to late frost
occurring less frequently than once every ten years) in the first analyzed period had diminished in the last
decade of the study, becoming concentrated mainly in Mehedinti, Constanta, and Tulcea counties. At
present, areas with a LFDP ranging from 18 to 24% (indicating late frost damage once every four to six
years) prevailed. Finally, an increase in the damage probability up to 40% was also observed in the
western part of Moldova and in Transylvania (corresponding to damaging frost events once every three
years).

As an overall view, Fig. 12 illustrates this increasing trend in the LFDP in sour cherry, 'Crisana’
cultivar during 2013-2022 compared to the decade 2000-2009. The map highlights both the areas where
the frequency and intensity of climatic accidents increased most strongly (marked in red) and those with
the most moderate evolution (marked in blue). Most of the country showed a moderate increase in the
LFDP, of up to 3%, mainly in the southern half of Romania and the Western Plain, along with a small
region in the northeastern part, centered on Suceava. In the south, two areas could also be distinguished
where LFDP remained stable (in the Getic Plateau and the Oltenia Plain, as well as the southeastern part
of the Dobrogea Plateau). In the remaining regions, LFDP increased by 5-9% and even by up to 15%
within a limited area, located in the northern part of the Tarnavelor Plateau and the southeastern part of
the Transylvanian Plain.

Since Romania is predominantly covered by areas where the LFDP exceeded one event every five
years, and this probability showed an increasing trend, careful site selection for future sour cherry
orchards is essential, along with the choice of cultivars (those with a later onset of vegetation or higher
frost tolerance) and the implementation of protective measures.

To reduce losses caused by late frosts, a series of measures is recommended, grouped into three
categories according to their timing and specific characteristics: (i) passive or technological measures, (ii)
active or thermal measures, which compensate for heat loss from the air layer or plant tissues, and bio-
technological measures (Drepper et al., 2022) or biological interventions that increase plant resilience (Liu
et al., 2025).

Passive protection measures include actions implemented well before the occurrence of the
damaging event, some starting as early as the orchard establishment phase (such as site selection,
choice of species and cultivars, installation of barriers to prevent the flow of cold air from the slopes, and
to facilitate the drainage of cold air). Other measures could be integrated into routine orchard
management (soil preparation to enhance heat storage, fertigation, crown training and pruning,
whitewashing of trunk, phytosanitary treatments). Although passive protection measures against late
frosts do not provide fully effective antifreeze protection by themselves, they have the advantage of being
less expensive and can enhance the effectiveness of active protection measures.

Bio-technological measures act directly on plants and are applied when a warning indicates the
imminent occurrence of climatic accidents. They include treatments with cryoprotective substances that
raise the freezing point of tissues, delay the formation of ice crystals (Eskandari et al., 2020), and stabilize
cell membranes (Wisniewski and Arora, 2019), as well as treatments with foam products that reduce
evaporation and tissue dehydration (Moroni et al., 2020).
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Active protection measures against late spring frosts are applied during the climatic event (or
shortly before the climatic accident). They require large financial investments and, in some cases,
personnel available for intervention and machinery maintenance, but also a very good understanding of
the application conditions — including the type of frost (radiative or advective), the critical thermal
thresholds for floral organs, and the appropriate timing for activating or stopping the protection system
(Drepper et al., 2022). These measures include micro-sprinkling, air heating and ventilation, tree
covering, and application of insulating foams. Their effect could be even better when two such methods
are combined (such as heating and ventilation or heating and micro-sprinkling). Given the diversity of
local microclimates, the proper management of an anti-frost intervention requires an agrometeorological
station equipped with temperature sensors both in and outside the radiation shield, as well as a wet-bulb
thermometer.

Among the listed methods, a number of studies (Anconelli et al., 2002; Drepper et al., 2022; Liu et
al., 2025; Pan & Hu, 2025) indicated that crown micro-sprinkling represents an affordable and effective
frost protection technique. The amount of water distributed by micro-sprinkling at the canopy level
depends on air temperature, wind speed (Tadic et al., 2023), water temperature (Jones, 2006), and the
precision of micro-sprinklers. Targeted micro-sprinkling saves about 30% of the amount of water (Pan &
Hu, 2025). Micro-sprinklers operating at one rotation per three minutes with six minutes of stopping and
delivering 2-4 mm/h of water, are sufficient to increase ambient temperature from -4°C to about -1.0°°C
(Jones, 2006; Pan & Hu, 2025). Therefore, buds anti-freeze protection is assured, without causing
damage by excessive ice accumulation on branches (Liu et al., 2025). Sprinkler system should be
activated before the wet bulb temperature drops to the critical temperature and must be deactivated after
the temperature rises above this threshold and direct solar radiation reaches the tree's canopy. In
addition, micro-sprinkling can also serve additional purposes beyond frost protection, such as reducing
crown temperature during periods of heat stress, delaying flowering, preventing fruit drop and fruit
sunburn damage, and improving fruit coloration. Frost protection is significantly increased when two such
methods are combined (Drepper, 2022; Liu et al., 2025).

4. Conclusions

Climate warming driven by rising maximum temperatures has become increasingly pronounced
over the last 25 years. The increase in maximum temperatures during February-April has accelerated the
vegetation onset in sour cherry (Prunus cerasus L.) by three weeks, budburst by almost two weeks, the
flowering onset by eight days, and the end of flowering by four days. Meanwhile, minimum temperatures
in the spring have remained almost unchanged, which, in correlation with the phenological advance,
implies a higher frequency and intensity of late frost events. The analysis of the damage probability trends
for the generative organs of sour cherry, caused by late frosts in Romania, was carried out for the
decades 2013-2022 and 2000-2009 using a patented warning method, based on pheno-climatic
simulation. The results indicated that, during 2013-2022, areas with the lowest probability of late frost
damage were concentrated in limited regions in the south-western half of the country (Oltenia Plain and
the southern part of the Strehaia Plateau) and in the south-eastern extremity (the Dobrogea Plateau).
Across most of Romania, late frost damage currently occurs once every 4-6 years compared to once at 6-
8 years in 2000-2009. This study identified areas with a higher risk of damage associated with minimum
temperatures falling below the critical threshold for the generative organs, emphasizing the need to
implement appropriate protection measures and provide a basis for future zoning of sour cherry.

AcknowledgmentS

This work was supported by the Romanian Ministry of Agriculture and Rural Development, project
ADER 6.3.3/2023, ADER 6.3.1/2023, and ADER 6.3.23/2023.

References

1. Anconelli S., Facini O., Marletto V., Pitacco A., Rossi F., & Zinoni, F., 2002. Micrometeorological test of
microsprinklers for frost protection of fruit orchards in Northern Italy. Physics and Chemistry of the
Earth, Parts a/B/C, 27(23-24), 1103-1107. https://doi.org10.1016/S1474-7065(02)00146-8;

2. Bandoc G., Piticar A., Patriche C., Rosca B., & Dragomir E., 2022. Climate Warming-Induced Changes
in Plant Phenology in the Most Important Agricultural Region of Romania. Sustainability, 14(5),
2776. https://doi.org/10.3390/su14052776;

3. Butac M., 2021. Plum cultivars used as parents in Romanian breeding program. Fruit Growing
Research, 371, 6-13, 2021. https://doi.org/10.33045/fgr.v37.2021.01;

43


https://publications.icdp.ro/index.php

Fruit Growing Research, Vol. XLI, 2025 DOI 10.33045/fgr.v41.2025.04
https://publications.icdp.ro/index.php

4. Butac M., Maresi E., Stan A., 2022. Study of German plum cultivars under the pedoclimatic conditions
from RIFG Pitesti-Maracineni. Fruit Growing Research, 38, 23-39. https://doi.org/10.33045/fgr.v
38.2022.04;

5. Chitu E. and Paltineanu C., 2006. Phenological and climatic simulation of the late frost damage in
cherry and sour cherry in Romania. Acta  Hortic. 707, 109-117.  DOIL:
10.17660/ActaHortic.2006.707.13. https://doi.org/10.17660/ActaHortic.2006.707.13;

6. Chitu E., Sumedrea D., Paltineanu C., 2008. Phenological and climatic simulation of late frost damage
in plum orchard under the conditions of climate changes foreseen for Romania. Acta Horticulturae
(ISHS) 803, ISSN 0567-7572; ISBN 978 90 6605 681 7:139-146. http://www.actahort.org/books/
803/ 803_17.htm.

7. Chitu E., Sumedrea D., Chitu V., Topor E., Paltineanu C., Dumitru M.L., lonita A.D. and Filipescu L.
2011. Phenological and climatic modelling of the late frost damage in apricot orchards under the
changing climatic conditions of south-eastern Romania. Acta Hort. (ISHS) 919:57-64.
http://www.actahort.org/books/919/919 7.htm;

8. Chitu E., Paltineanu C., 2020. Timing of phenological stages for apple and pear trees under climate
change in a temperate-continental climate. International Journal of Biometeorology 64, 1263—-1271
(2020). https://doi.org/10.1007/s00484-020-01903-2;

9. Chivu M., Butac M., & Militaru M., 2018. Research regarding fruits quality of some sour cherry
genotypes from national collection. Fruit Growing Research, 34, 18-24. https://doi.org/10.33045
/fgr.v34.2018.03;

10. Chmielewski F.M., Miller A., & Bruns E., 2004. Climate changes and trends in phenology of fruit trees
and field crops in Germany, 1961-2000. Agricultural and Forest Meteorology, 121, 69-78;
https://doi.org/10.1016/S0168-1923(03)00161-8;

11. Coppola E., Nogherotto R., Ciarlo J. M., Giorgi F., van Meijgaard E., Kadygrov N., lles C., Corre L,
Sandstad M., Somot S., Nabat P., Vautard R., Levavasseur G., Schwingshackl C., Sillmann J.,
Kjellstrom E., Nikulin G., Aalbers E., Lenderink G., Christensen O.B., Boberg F., Sgrland S.L.,
Demory M.-E., Bulow K., Teichmann C., Warrach-Sagi K, and Wulfmeyer V., 2021. Assessment of
the European Climate Projections as Simulated by the Large EURO-CORDEX Regional and Global
Climate Model Ensemble. Climate Dynamics, 57, 1731-1752;
https://doi.org/10.1029/2019JD032356;

12. Corneanu M., Mineata I., lurea E., Golache I.E., & Sirbu S., 2021. Phenological stages and fruit
quality parameters of sour cherry genotypes in Romanian conditions. Current Trends in Natural
Sciences, 10(19), 341-345; https://doi.org/10.47068/ctns.2021.v10i19.044;

13. Daramola M.T., Li R., & Xu M., 2024. Increased diurnal temperature range in global drylands in more
recent decades. International Journal of Climatology, 44(2), 521-533. https://doi.org/10.
1002/joc.8341

14. Drepper B., Bamps B., Gobin A., & Van Orshoven J., 2022. Strategies for managing spring frost risks
in orchards: effectiveness and conditionality—a systematic review. Environmental Evidence, 11(1),
29. https://doi.org/10.1186/s13750-022-00281-z;

15. Eskandari A., Leow T.C., Rahman M.B.A., & Oslan S.N., 2020. Antifreeze proteins and their practical
utilization in  industry, medicine, and agriculture. Biomolecules, 10(12), 1649.
https://doi.org/10.3390/biom10121649;

16. Fu Y.H., Liu Y., De Boeck H.J., Menzel A., Nijs |., Peaucelle M., Penuelas J., Piao S. & Janssens |.A,,
2016. Three times greater weight of daytime than of night-time temperature on leaf unfolding
phenology in temperate trees. New Phytologist, 212(3), 590-597.
https://nph.onlinelibrary.wiley.com/doi/10.1111/nph.14073;

17. Jones H.G., 2006. Frost protection: fundamentals, practice, and economics. Volume 1. By RL Snyder
and JP de Melo-Abreu. Rome: FAO (2005), pp. 223, US24. 00. ISBN 92-5-10539-4. Experimental
Agriculture, 42(3), 369-370;

18. Kim J., Sohn S., Wang Z., & Kim Y., 2024. Nonuniform response of vegetation phenology to daytime
and nighttime warming in urban areas. Communications Earth & Environment, 5(1), 308.
https://doi.org/10.1038/s43247-024-01471-y;

19. Kotliar Y., legorov B., Shoful I., Chabanova O., & Yasko V., 2025. Quality characteristics of oils from
kernels of various sour cherry cultivars for the development of a craft technology. Food Science &
Technology (2073-8684), 19(1). https://doi.org/10.15673/fst.v19i1.3121;

20. Lamichhane Jay Ram., 2021. Rising risks of late-spring frosts in a changing climate. Nature Climate
Change. 11: 554-555. https://doi.org/10.1038/s41558-021-01090-x;

21. Liu G, Guo Y., Xia H., Liu X., Song H., Yang, J., & Zhang Y., 2024. Increase asymmetric warming
rates between daytime and nighttime temperatures over global land during recent decades.
Geophysical Research Letters, 51, e2024GL112832. https://doi.org/10.1029/2024GL112832;

44


https://publications.icdp.ro/index.php

Fruit Growing Research, Vol. XLI, 2025 DOI 10.33045/fgr.v41.2025.04
https://publications.icdp.ro/index.php

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Longstroth M. (n.d.). Spring freeze damage thresholds for tree fruit. Michigan State University
Extension. https://www.canr.msu.edu/resources/picture-table-critical-spring-temperatures-for-tree-
fruit-bud-development-stages;

Marin A., 2024. The evolution of the dynamics of the fruit sector in Romania in the period 2013-2022.
Fruit Growing Research, 40, 90-98. https://doi.org/10.33045/fgr.v40.2024;

Mazilu I., Chitu E., Calinescu M., Plaiasu F., Septa L., Zsolt J.I., Sarbu S., Oltenacu C.V., 2025.
Dynamics of climatic accidents during peach, apricot and cherry dormancy and first growth stages
in the last 20 years in Romania, Scientific Papers. Series B — Horticulture, 69(2), in press;

Meng L., Zhou Y., Li X., Asrar G.R., Mao J., Wanamaker Jr A.D., & Wang Y., 2020. Divergent
responses of spring phenology to daytime and nighttime warming. Agricultural and Forest
Meteorology, 281, 107832. https://doi.org/10.1016/j.agrformet.2019.107832;

Menzel A., Yuan Y., Matiu M., Sparks T., Scheifinger H., Gehrig R., & Estrella N., 2020. Climate
change fingerprints in recent European plant phenology. Global Change Biology, 26(4), 2599—
2612. https://doi.org/10.1111/gcb.15000;

Mihut C., Scedei D., Mircov V.D., & Chis C., 2024. Influence of soil and climate conditions on some
qualitative indices in some cultivars of sour cherry (Prunus cerasus L.). Scientific Papers. Series B
— Horticulture, 68l (1), 61-69. https://doi.org/10.51635/sp.horticulture.2024.1.7;

MiloSevi¢ T. & MiloSevi¢ N., 2020. Combining Fruit Quality and Main Antioxidant Attributes in Sour
Cherry (Prunus cerasus L.). Scientia Horticulturae, 272, 109579. https://doi.org/10.1016/j.
scienta.2020.109579;

Mo Y., Li X,, Guo Y., & Fu Y., 2023. Warming increases the differences among spring phenology
models under  future climate change. Frontiers in Plant Science, 14.
https://doi.org/10.3389/fpls.2023.1266801;

Moroni F.J., Gascon-Aldana P.J., & Rogiers S.Y., 2020. Characterizing the efficacy of a film-forming
antitranspirant on raspberry foliar and fruit transpiration. Biology, 9(9), 255; 33.
https://doi.org/10.3390/biology9090255;

Murray M., 2011. Critical Temperatures for Frost Damage on Fruit Trees. IPM-012-11, February 2011.
Utah State University Extension and Utah Plant Pest Diagnostic Laboratory;

Paltineanu C. and Chitu E., 2006. An estimation model of the climatic rating in the ‘Golden Delicious’
apple cultivar in the southern part of Romania. Acta Hortic. 707, 119-125. DOI:
https://doi.org/10.17660/ActaHortic.2006.707.14;

Pan Q., & Hu Y., 2025. Reasons of sprinkler freezing and rotational irrigation for frost protection in tea
plantations. Irrigation and Drainage, 74(1), 139-147. https://doi.org/10.1002/ird.2995;

Ropelewska E., Konopacka D., & Piecko J., 2023. The quality assessment of sour cherries dried
using an innovative simultaneous osmotic—microwave—vacuum approach based on image textures,
color parameters, and sensory attributes. Agriculture, 14(1), 54.
https://doi.org/10.3390/agriculture14010054;

Sokot-tetowska A., Kucharska A.Z., Hodun G., & Gotba M., 2020. Chemical composition of 21
cultivars of sour cherry (Prunus cerasus) fruit cultivated in Poland. Molecules, 25(19), 4587.
https://doi.org/10.3390/molecules25194587;

Stan I.A., Butac M., & Hoza D., 2024. Sour cherry germplasm resources and breeding in Romania.
Scientific Papers. Series B. Horticulture, 68(2).
https://horticulturejournal.usamv.ro/pdf/2024/issue_2/Art21.pdf;

Stepulaitiené |. & Stanys V., 2013. Frost resistance is associated with development of sour cherry
(Prunus cerasus L.) generative buds. Zemdirbyste-Agriculture, 100(2), 175-180.
https://doi.org/10.13080/z-a.2013.100.022;

Sugiura T., 2025. Meteorological Responses of Fruit Trees, Impact of Climate Change on Fruit
Production, and Adaptation Strategies. The Horticulture Journal, SZD-R004.
https://doi.org/10.2503/hortj.szd-r004;

Tadi¢ V., Gligorevi¢ K., Mileusni¢ Z., Miodragovi¢ R., Hajmiler M., & Rado¢&aj D., 2023. Agricultural
engineering technologies in the control of frost damage in permanent plantations. AgriEngineering,
5(4), 2079-2111. https://doi.org/10.3390/agriengineering5040128;

Tao J., Man R., & Dang Q.L., 2021. Earlier and more variable spring phenology projected for eastern
Canadian boreal and temperate forests with climate warming. Trees, Forests and People, 6.
https://doi.org/10.1016/j.tfp.2021.100127;

Vogel J., 2022. Drivers of phenological changes in southern Europe. International Journal of
Biometeorology, 66(9), 1903-1914. https://doi.org/10.1007/s00484-022-02331-0;

Wisniewski M., & Arora R., 2019. Adaptation and response of fruit trees to freezing temperatures. In
Cytology, Histology and Histochemistry of Fruit Tree Diseases. 299-320. Crc Press.
https://doi.org/10.48130/FruRes-2023-0023;

45


https://publications.icdp.ro/index.php

Fruit Growing Research, Vol. XLI, 2025 DOI 10.33045/fgr.v41.2025.04
https://publications.icdp.ro/index.php

43. Zhong Z., He B., Chen H.W. et al., 2023. Reversed asymmetric warming of sub-diurnal temperature
over land during recent decades. Nat Commun 14, 7189, 2023. https://doi.org/10.1038/s41467-
023-43007-6;

44. ***European Environment Agency, 2024. Global and European temperatures — indicator assessment
(published 2024). European Environment Agency. https://www.eea.europa.eu/en/analysis/indica
tors /global-and-european-temperatures;

45. **Food and Agriculture Organization of the United Nations [FAQO], 2025;

46. ***Institutul National de Statistica, 2025. Productia vegetala la principalele culturi [Pagina de arhiva].
https://insse.ro/cms/ro/search/node/Produc%C8%9Bia%20vegetal%C4%83%20la%20principalele
%20culturi (last seen at November 6th 2025);

47. ***Intergovernmental Panel on Climate Change, 2023. Climate Change 2023: Synthesis Report.
Contribution of Working Groups I, Il and Ill to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change (Core Writing Team, H. Lee & J. Romero, Eds.).
IPCC. https://doi.org/10.59327/IPCC/AR6-9789291691647.

Figures

T — = £ Z Farta generala a Romanie|
\L \,_,L:‘a\« ,;_.{ " U K . A 1 N ‘ E »\\ 0 General map of Romania
s o “ ) ~

<ol

......

/
v Alo a 1 oW
Hee

<
w
©
-
/ x

4 (4]

/ LLLCYNY N <
—J f ) o 4 -
@

e» o _om | = » ,
0.9 A 8 u . " 2 ! \
Fig. 1. Dynamics of maximum air temperatures in February, in 10 years, during 2000-2009 and
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Fig. 2. Dynamics of maximum air temperatures in March, in 10 years, during 2000-2009 and 2013-
2022 period (°C)
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Fig. 3. Dynamics of maximum air temperatures in April, in 10 years, during 2000-2009 and 2013-
2022 period (°C)
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Fig. 4. Dynamics of minimum air temperatures in February, in 10 years, during 2000-2009 and
2013-2022 period (°C)
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Fig. 5. Dynamics of minimum air temperatures in March, in 10 years, during 2000-2009 and 2013-
2022 period (°C)
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Fig. 6. Dynamics of minimum air temperatures in April, in 10 years, during 2000-2009 and 2013-

2022 period (°C)
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Fig. 10. Probability of floral organs damage caused by late frosts in the sour cherry ‘Crisana’
cultivar during 2000-2009 (%)
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Fig. 12. Difference between the late frost damage probabilities in cherry in 2013-2022 and 2000-
2009 (%)
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