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Adaptability of Prunus cerasifera Ehrh.

to Climate Changes in Multifunctional

Landscape. Atmosphere 2024, 15, 335.

https://doi.org/10.3390/

atmos15030335

Academic Editor: Andreas Matzarakis

Received: 26 January 2024

Revised: 27 February 2024

Accepted: 5 March 2024

Published: 8 March 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

atmosphere

Article

Adaptability of Prunus cerasifera Ehrh. to Climate Changes in
Multifunctional Landscape
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Abstract: Urban trees play a vital role in mitigating climate changes, maintaining the sustainability
of ecosystems. This study focuses on the assessment of the resilience of cherry plums to climate
changes, a fruit-bearing species that offers diverse ecosystem services within multifunctional urban
and suburban landscapes. This study examines flowering and fruiting in the context of climate
characteristics, expressed through the Day of the Year (DOY), Growing Degree Days (GDDs), and a
yield over 17 consecutive years. The results indicate significant shifts in the DOY but not in the GDD,
apart from the end of flowering. The onset of flowering was earlier and the end postponed, extending
the phenophase by an average of 4 days. The cherry plum’s yield was unaffected by climate changes,
including extreme events like a late-spring frost. The stability of the cherry plum was confirmed by
the phenological patterns of the bullace (cherry plum and blackthorn hybrid) exhibiting repeated
flowering in the warmest year of 2023. The cherry plum is an adaptive species, with a high adaptability
to a changing climate and a high resistance to late-spring frosts; thus, it is a favorable choice in urban
design and planning, demonstrating resilience to climate shifts and thriving in polluted urban
environments. It is especially appreciated for multiple ecosystem services: biodiversity conservation
in natural and semi-natural areas, yielding good provisions in challenging environments, and the
preservation of ornamental values through an extended flowering phenophase.

Keywords: phenology; fruit-bearing trees; cherry plum; ecosystem services; DOY; GDD; landscape
design; resilience

1. Introduction

Urban greenery needs to fulfill multiple ecosystem roles nowadays, as we are facing
severe changes in the climate [1], a lack of food [2], and air pollution [3–5]. Apart from the
existential needs of the population, the species needs to be adaptive to climate changes
and needs to realize its full aesthetical and ecological potential amid the challenging envi-
ronmental conditions in urban areas. Landscape design, management, and planning are
especially challenging since species must be appropriate for the location from both the
ecological and aesthetic perspectives [6–9]. Realizing full ecological potential within certain
aesthetic preferences assumes species adaptability to climate changes that are specific to a
given locality [10]. Despite the high survival rate of urban trees, there might be significant
differences in health and vigor in individuals [11]. In one study, the environmental impor-
tance of fruit-tree species was considered in Serbia and Montenegro due to their ecological
and biological characteristics that are favorable due to their quality and high nutritional
value and, thus, economic value [12]. The researchers included several species from the
Prunus genus, among which was Prunus cerasifera Ehrh. Another research showed that
semi-cultivated Prunus cerasifera Ehrh. represents a significant reservoir of genetic diversity
and resilience to climate change, showcasing substantial possibilities for selective breeding
and utilization [13].
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Prunus cerasifera Ehrh. (cherry plum) is an autochthonous species with a highly ex-
pressed polymorphism of characteristics [14] and is one of the oldest and most widely
spread fruit species in the natural population of Serbia [15]. It is also among the most com-
monly used species in urban areas in Serbia, as well as in other cities [16], and other authors
cite cherry plums to be found by the roads, bounds, individually, or in groups [14]. Plum is
ranked as the second-most important fruit-tree crop in the temperature climate from the
point of view of production [17] but is also common in Serbia in natural and urban settings,
as it is adaptive to low temperatures and is resistant to various diseases, providing a good
yield and fruits of various size and quality [18–20]. Furthermore, previous research [21] ana-
lyzed the “dual evaluation” of species in terms of ecosystem service functions in residential
areas and found that the cherry plum is characterized by the ability to serve as a carbon sink
in urban areas without being affected and is among the top species in doing so. Many stud-
ies estimate the mitigation potential of urban species and list Prunus cerasifera Ehrh. high
on the list for carbon sequestration [16] and heavy-metal-accumulation capacity [22,23],
making it the suitable choice of urban planners for multifunctional landscapes. The cherry
plum is a very useful agricultural plant that is cultivated for commercial purposes. The
fruits of this species are food for humans, from consumption to making alcoholic beverages,
but they are also food for animals [24–26]. Small trees and shrubs are an integral part of
forest communities that contribute to biodiversity [27,28]. The cherry plum, as a small
tree, is a very important element in the formation of stories. It grows on the edges of
forests, builds thickets, and represents important habitats for rodents and insects and for
nesting birds [29]. The lightly fragrant flowers of the cherry plum are very important for
pollinators and other insects and are an important source of nectar in early spring. It is also
an ornamental species, and its application in landscape architecture and design must not
be neglected due to the decorativeness of this early-flowering species. Decorative plants
represent an important element in the urban environment, which, in addition to having a
positive effect on the quality of the environment and carbon absorption, have an impact on
the aesthetics of the space, landscaping, as well as the well-being of citizens [30–32]. When
properly applied, the known data on flowering phenology could lead to a reduction in the
costs of maintaining green areas with the appropriate choice when choosing plant mate-
rial [33]. The flowering of Prunus cerasifera Ehrh. thus influences all the aforementioned
ecosystem services (Figure 1), and its shifts due to climate changes are of major importance
for mitigation in urban areas.
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this paper.

The main indicator of ecosystem adjustments to climate changes are shifts in phenol-
ogy [34], and its changes have serious implications for biodiversity [35] and ecosystem
production [36]. For many years, the impact of climate changes on plant phenology has
been the focus of studies worldwide [37–45]. Some authors [46] indicate that in addition to
phenology, climate changes also affect the physiology and distribution of species and the
composition and dynamics of biocenosis. Shifts to earlier developments of phenophases,
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as well as the duration of phenological events, affect biodiversity, habitat sustainability,
and ecosystem services [35,36,47–49], but they also provide feedback regarding climate
changes [50]. The phenology of cherry plums is important from two perspectives, as it is a
part of the multifunctional landscape in our study: as a part of natural and semi-cultivated
populations due to biodiversity and an improvement of the environmental quality in urban
and suburban areas and as a fruit-bearing and ornamental species. One study [51] dealt
with the systems of the vulnerability of species, habitats, or ecosystems to climate changes
and concluded that projections allow managers to develop new regulations and manage-
ment practices in accordance with changed conditions. It is very important to conserve
individual species, as well as to identify groups of species that are resistant or sensitive to
future climate-change scenarios, in order to understand how phenological mismatches can
affect community dynamics, ecosystem services, and conservation over time [52]. Other
studies regard the cherry plum as an agricultural species [53], address policies, and examine
the weather risk in agriculture based on the Weather Insurance Index as an innovative tool
to facilitate the fight against climate changes in agriculture. Horticulture would benefit
from using high-yielding cultivars in urban landscapes, especially in terms of ecology
and economy, if the species would be appropriately chosen according to soil and climatic
requirements. In terms of climate factors, it was found that Prunus cerasifera Ehrh. is mostly
affected by the flowering intensity and minimum air temperature during flowering, and
spring frosts are especially important [54]. Another research [55] proved that the capacity
of the cherry plum to withstand cold in the winter is highly dependent on temperature
variations, highlighting autumn and the beginning of winter as the crucial period for the
species to prepare for the winter season. Climate change, increasing spring temperatures,
and increasing temperature variations affect phenology, which, in most species, leads to a
greater risk of damage from spring frosts [56,57]. Apart from other factors, such as a high
temperature and lack of water, urban trees are affected by excessive light that influences
phenophases and photosynthesis. Genotypes of Prunus cerasifera Ehrh. with red leaves
that are very common in urban settings in Belgrade are better adjusted to extra lighting,
as the anthocyanins significantly influence the duration of phenophases, which is of utter
importance for both ecosystem services and urban greening [58].

The aim of our study is to detect the most important climatic factors that are decisive
for the flowering phenophase of Prunus cerasifera Ehrh. and to analyze their relation to
shifts in flowering and fruit abundance that are detrimental to the ecosystem services the
cherry plum provides.

2. Materials and Methods

The research area is a multifunctional landscape within the suburban region of the
southwestern municipality of Čukarica, located in the city of Belgrade, Serbia. This
area spans 2155 hectares and encompasses elevations ranging from 66.3 m to 87.9 m
(Figures 2 and 3). The spatial distribution of elements was determined using satellite maps,
as the remote sensing of phenology has been conducted in Serbia before [59], cartographic
materials, planning documents, and on-site field research.

2.1. Habitat Characteristics

From a spatial perspective, the research area has two distinct characteristics. In
the northeastern part, it serves as a connection between residential areas situated north
of Makiško polje, above the Sava highway, and the right bank of the Sava River. In
the southwestern part, it acts as a link between two significant transportation hubs: the
bypass highway and the Belgrade marshaling station. This area encompasses various land
uses: (i) the public infrastructure—road network (3.12%)—areas for infrastructure facilities
and complexes (1.29%), green areas (13.64%), forests (13.04%), water areas (1.24%), and
areas for sports facilities and complexes (0.69%); and (ii) areas of other uses, including
housing (0.21%), commercial facilities (3.6%), economic zones (0.42%), and agricultural
areas (62.36%). According to some researchers [60], within this area, there exists a historical
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example of late 19th-century industrial architecture: the “Belgrade Waterworks” complex,
located at Vodovodska Street 158, dates back to 1892. This complex was expanded in
1906–1907 to meet the growing demand for water supply in Makiško polje, making it a
vital part of the city’s water infrastructure. This area belongs to the alluvial plain of the
Sava River, separated by a steep section from the Sava Terrace and intersected by the
Železnička River and several canals. Within the boundaries of the study area are two
hydrogeological collectors. The lower collector, within the alluvial–lacustrine, sandy pebble
deposits, overlays impermeable alluvial–diluvial–marly clays. The upper groundwater
collector was formed within alluvial sand–gravel formations.
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Atmosphere 2024, 15, x FOR PEER REVIEW 4 of 22 
 

 

  
Figure 2. The research area— the municipality of Čukarica (Belgrade, Serbia). 

 
Figure 3. A 3D surface plot of the relative relief values derived over the study area. 

2.1. Habitat Characteristics 
From a spatial perspective, the research area has two distinct characteristics. In the 

northeastern part, it serves as a connection between residential areas situated north of 
Makiško polje, above the Sava highway, and the right bank of the Sava River. In the south-
western part, it acts as a link between two significant transportation hubs: the bypass high-
way and the Belgrade marshaling station. This area encompasses various land uses: (i) the 
public infrastructure—road network (3.12%)—areas for infrastructure facilities and com-
plexes (1.29%), green areas (13.64%), forests (13.04%), water areas (1.24%), and areas for 
sports facilities and complexes (0.69%); and (ii) areas of other uses, including housing 
(0.21%), commercial facilities (3.6%), economic zones (0.42%), and agricultural areas 
(62.36%). According to some researchers [60], within this area, there exists a historical ex-
ample of late 19th-century industrial architecture: the “Belgrade Waterworks” complex, 
located at Vodovodska Street 158, dates back to 1892. This complex was expanded in 1906–
1907 to meet the growing demand for water supply in Makiško polje, making it a vital 
part of the city’s water infrastructure. This area belongs to the alluvial plain of the Sava 
River, separated by a steep section from the Sava Terrace and intersected by the Železnička 
River and several canals. Within the boundaries of the study area are two hydrogeological 

Figure 3. A 3D surface plot of the relative relief values derived over the study area.

Surface water, created by flooding and torrents, penetrates the ground vertically but at
a notably slow pace. During extreme climatic events, all stormwater ultimately accumulates
in the lowest section of the alluvial area. The limited permeability of the loose sediments
leads to occasional flooding (up to 74 m above sea level) and causes the site to remain
waterlogged for most of the year [61].

As per some authors [62], the terrain consists of Quaternary formations, including
alluvial sediments and alluvial lake sediments, as well as Tertiary formations, such as the
marl–carbonaceous complex. The research area is not within the spatial scope of the ecolog-
ical network, nor is it within the protected area for which the protection procedure has been
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implemented or initiated. There are no recorded natural assets, as specified in the Decision
of the Institute for Nature Protection of Serbia 2977/3, dated 14.11.2018. Nevertheless,
this area is spatially connected to the ecologically significant area of the “Confluence of
Sava and Danube” [63]. Consequently, it holds natural value, as it serves as a connecting
element within an ecologically important corridor of international significance, playing a
vital role as a biotope in species migration and biodiversity preservation. Additionally, it
is a fundamental component of the city’s future green infrastructure, offering ecological
and recreational potential for residents and contributing aesthetic and ambient values. This
area hosts a variety of woody plant species, particularly those capable of withstanding
prolonged surface-water retention, such as hygrophilous forest edifiers [64]. Within this
multifunctional landscape, mosaic-distributed populations of cherry plums, with a sig-
nificant number of trees, were selected, covering a total of 0.3% of the study area, which
corresponds to 6465 hectares, and the populations of cherry plum occupy a mere 0.0004%
of this space, totaling 0.009 hectares.

2.2. Phenology

To assess the adaptability of Prunus cerasifera Ehrh. (cherry plum) to climate changes
between 2007 and 2023, an extended BBCH scale, a scale of developmental phenological
phases of the plant, was utilized for monitoring the phenological stages of cherry-plum
flowering at the population level, as suggested by previous authors [65]. The extended
BBCH scale includes the following stages: the beginning of flowering—BF (more than 10%
of the flowers opened)—full flowering—FF (more than 50% of the flowers opened)—and
the end of flowering—EF (more than 80% of the flowers opened). During the 17-year period,
the phenophase of fruit ripening at the population level was observed: the phenophase
of fully ripe fruits—FRs (fruit shows a fully ripe color, and fruit abscission begins)—was
monitored. The fruit yield was evaluated by quantifying phenological observations on a
five-point scale [66], where 0 is a tree without fruit (0% of branches bearing fruit); 1—a small
number of fruits (≤20%); 2—a low number of fruits (>20−≤40%); 3—a moderate number
of fruits (>40−≤60%); 4—abundant fruits (>60−≤90%); and 5—the maximum number
of fruits (>90%). In addition to the cherry plum, the flowering phenophase of a hybrid
species known as bullace, which spontaneously emerged from a cross between P. cerasifera
Ehrh. and P. spinosa L., was monitored for control purposes. Observations were conducted
visually every other day across the entire research area. The recorded dates were then
converted into the day of the year (DOY), with DOY 1 corresponding to 1 January. The
temperature sums, i.e., the cumulative growth degree days (GDDs), using a temperature
threshold of 5 ◦C for moderate continental climate conditions [67], were calculated based
on a previously proposed method [68]. The GDD is the accumulation of temperatures
above a predetermined limit, and it represents the sum of temperature differences between
the mean daily air temperature and the biological minimum air temperature [69]. This
method is adequate because for research, degree days are more suitable than calendar
days, since the development of plants does not follow dates but the accumulation of heat
above a specific temperature limit (threshold), below which, if the temperature drops,
growth and development stop. For most plant taxa that grow in conditions of a moderate
continental climate, a limit of 5 ◦C (Tt) is taken [67–69], as was also used in our work.
The data presented in this study represent the mean values gathered from 12 populations
of the common cherry plum and 2 populations of the bullace within the research area.
The statistical analysis, conducted using the XLSTAT 2020 software package, included
descriptive statistics and Spearman’s correlation coefficient (ρ). Hourly and daily climatic
data from the weather station in Surčin (44◦47′54.44′′ N; 20◦27′53.35′′ EGr) were obtained
from the RHMZ [70]. These data were employed due to the similarity of environmental
conditions to determine the influence of climatic parameters. Statistical climatological
methods of percentiles and associated terciles (RHMZ) were applied, where nth signifies
the value below which “n” percent of the data, previously sorted in ascending order, is
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located. The term “normal” in this context refers to the climatological standard normal of
the analyzed parameter for the reference period of 1991–2020.

The ArcGIS/ArcMap 10.3 and Surfer 22 software packages were used for data processing.

3. Results

The analysis of the phenological characteristics confirmed that the flowering period
of the researched populations of cherry plums occurred exceptionally early, making them
vulnerable to potential damage from spring frosts. Flowering and fruit ripening exhibited
variations contingent upon environmental conditions, as noted by other authors [71]. The
phenophases were particularly influenced by year × climate variable interactions over the
17-year span of research. Figure 4a–d illustrate the average seasonal air temperatures and
precipitation levels during the research period from 2007 to 2023 (for autumn, from 2007 to
2022), in comparison to the reference period of 1991–2020.

The earliest onset of flowering before 2023 was recorded in 2007 and 2016 (DOY: 53),
when seasonal (winter) air temperatures and precipitation (Figure 4b) were around the
upper tercile (2007) and below the lower tercile (2016). The latest BF was recorded in
2009 (DOY: 84), when air temperatures were significantly above the upper tercile, and
precipitation was below the lower tercile. In the period spanning from 2007 to 2023, the
years with the latest beginning of flowering, including 2018 (characterized by notably high
air temperatures, ranking as the highest in the 17-year series and by precipitation levels
near the lower tercile boundary), exhibited the shortest flowering phenophase, lasting
only 17 days. The longest flowering phenophase (35 days) was recorded in 2008, which,
according to the seasonal map, in terms of precipitation, is identical to the year in which
the length of flowering was the shortest. Although the air temperatures were lower in 2008,
they still exceeded the upper tercile threshold. Considering the aforementioned analysis
and the fact that 2023 displayed the earliest onset of flowering (DOY: 51), graphs were
created to illustrate the average monthly air temperatures and monthly precipitation for
February and March during the research period from 2007 to 2023, as shown in Figure 5a,b.
These figures are provided in relation to the reference period of 1991–2020.
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In Figure 5a, it is shown that February 2023 had an air temperature close to the upper
tercile, while the precipitation was significantly above the upper tercile. At the beginning
of the month, cold and changeable weather prevailed, and from the middle of the first
decade, there was dry and warm weather (RHMZ). This weather pattern triggered the
earliest onset of flowering in a 17-year series. Namely, the winter ranked as the second
warmest in Belgrade since 1887, with a record-low number of frosty days (RHMZ). In
March 2023, the air temperature exceeded the upper tercile limit, while precipitation levels
remained within the range of average values (Figure 5b). This resulted in the occurrence
of the end of flowering (EF) on the 79th DOY. March 2023 was characterized by warm
temperatures and average rainfalls, according to percentile and tercile calculations (RHMZ).
However, April 2023 was notably cold and ranked as the sixth wettest month, according
to RHMZ. In April, a sudden drop in the temperature of the 98th DOY was recorded.
At the beginning of April, the maximum height of the snow cover was recorded since
the beginning of measurements in Belgrade. A climatic anomaly occurred in the period
from 3 March to 7 April, as maximum temperatures were consistently below the normal
minimum temperatures for those specified dates in the reference period of 1991–2020.
Taking into account the weather events during 2023, it was expected that there would be no
fruiting of cherry plums. Surprisingly, all cherry-plum populations yielded their maximum
harvest (grade 5) in 2023, just as they had in the preceding 16 years.

For all the observed flowering phenophases, decreasing DOY trends were determined,
which confirms that flowering started and ended earlier during the 17 years of research
(Figure 6). While there is a 33-day absolute difference between the earliest and latest begin-
ning of flowering (BF), the trend analysis revealed that, in the last 17 years, cherry-plum
flowering has shifted to start 15 days earlier and end 11 days earlier within the research area.
The recording of BF was noted after the accumulation of heat sums ranging from 85.5 ◦C (in
2010, DOY: 78) to 138.4 ◦C (in 2016, DOY: 53). The current 2023 BF began after the accumula-
tion of 93.0 ◦C (DOY: 51) and ended after the accumulation of 204.0 ◦C (DOY: 79) (Figure 7).
The mean value of the accumulated heat for BF in the period 2007–2023 is 116.1 ◦C. The cal-
culated GDDs are variable but consistently close, irrespective of the DOY. The linear trends
for BF and EF (Figures 6 and 7) confirm that the shift in the DOY for these phenophases
does not significantly impact heat accumulation. In other words, these phenophases con-
sistently occur within certain thresholds of accumulated heat, as illustrated in Figure 7. A
decrease in the accumulated heat was recorded for EF, which confirms the linear trend, and
is attributed to extreme climatic events in previous years. Therefore, a comparative analysis
of the temperatures and precipitation levels with GDDs was conducted using Spearman’s
coefficients, revealing a significant positive correlation of the GDD with the air temperature
and precipitation levels, ranging from 0.951 to 0.966. The Spearman correlation coefficient
values (Figure 8) demonstrate a significant positive correlation between the DOY and the
flowering phenophases (0.983 and 0.800) as well as an influence of the BF GDDs on EF
GDDs (0.841).

Descriptive statistics were used to assess the trends, specifically examining the impact
of climatic variables on the adaptability of cherry plums within a multifunctional landscape
(Table 1). The mean value indicates the phenological patterns of flowering, and the standard
deviation is the deviation from the mean values, providing insights into the shifting of the
cherry plum’s flowering phenophases.

A MultiFunctional Landscape: Phenology of Cherry Plum and Bullace during 2023

Considering the primary goal of this research, which is to assess the resilience of
the cherry plum under changing climate conditions, the phenological characteristics of
the bullace were also monitored in parallel. During the 17 consecutive years, the cherry
plum did not have a repeated flowering, while the bullace displayed a repeated flowering
occurrence in the current year, 2023. The phenogram for both species, in 2023, is presented
in Figure 9. At the beginning of September, full leaf shedding was observed, followed by
an entirely distinct flowering and the initiation of leafing and shoot growth in the bullace
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in both populations, during October, with a fruiting in November and a small number of
fruits—the yield was marked as 2 in both of the bullace populations. On 16 November,
a sporadic flowering, in parallel, was noted, as was a significant growth of shoots (the
average growth of fully leafed shoots on this day, for both populations, was 9.2 cm). At the
end of October, the cherry plum had a complete leaf mass that had just begun to transition
in color, a characteristic of the period preceding leaf shedding, and by the end of autumn,
full leaf shedding was noted. This confirmed its high adaptability to climatic variations
(Table 2). September 2023 had a mean air temperature of 21.9 ◦C, which deviated from the
norm of the reference period, being higher by 4.2 ◦C and 3.8 ◦C compared to the research
period. According to the percentile method, most of September was in the warm and very
warm category. At the beginning of the second and third decades, the temperatures were in
the extremely warm category, and at the beginning of the month and in the middle of the
second and third decades, it was in the normal category. A heatwave was recorded in the
period of September 9–13. There were 27 summer and 9 tropical days during this month.
On September 25, the highest daily amount of precipitation of 30.6 mm was measured.
October 2023 was the warmest October since measurements were made at the Surčin station,
with an average air temperature of 17.02 ◦C, which deviated from the reference period, i.e.,
it was higher by 4.25 ◦C and 4.05 ◦C compared to the research period. The record-high
minimum and maximum air temperatures were recorded, especially in the last decade of
October. There was also a heat wave from 20 to 24 October. According to the percentile
method, at the beginning and in the middle of October, temperatures were in the normal
category, and on October 16 and 17, it was cold, while for the rest of the month, it was
in the categories of warm to extremely warm. There were 9 summer days and 1 tropical
day during the month. There were no frosty days. November had a mean air temperature
of 9.0 ◦C, which deviated from the reference period, i.e., it was higher by 1.6 ◦C and 0.8
◦C compared to the research period. There were no heat waves, nor summer and tropical
days, but there were 5 frosty days. According to the percentile method of mean daily
temperatures, during most of the first and middle of the second decade, they were in the
warm category, while the rest of the month was in the normal category. November 2023 had
the most precipitation since measurements were taken (RHMZ, https://www.hidmet.gov.
rs/ciril/meteorologija/klimatologija_produkti.php accessed on 10 January 2024).
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Table 1. Descriptive statistics for the investigated parameters of cherry plums.

Parameter BF
DOY

FF
DOY

EF
DOY

BF
GDD

FF
GDD

EF
GDD

Minimum 51.000 57.000 74.000 85.529 103.173 152.667
Maximum 84.000 89.000 102.000 153.082 162.887 309.247

Range 33.000 32.000 28.000 67.553 59.715 156.581
1st Quartile 55.000 58.000 85.000 103.115 125.548 210.594

Median 67.000 70.000 91.000 114.788 134.595 221.087
3rd Quartile 74.000 78.000 99.000 131.219 141.786 256.229

Mean 66.235 70.412 90.529 116.062 134.837 230.662
Standard deviation (n) 10.547 10.505 8.197 19.367 15.704 35.722
Variation coefficient (n) 0.159 0.149 0.091 0.167 0.116 0.155

Kurtosis (Pearson) −1.263 −1.287 −0.919 −0.996 −0.508 0.110
Standard error (Kurtosis (Fisher) 1.063 1.063 1.063 1.063 1.063 1.063
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study area.

Table 2. Climatic variables for the reference period of 1991–2020, research period, and for 2023 and
their deviations from the reference period for the temperatures (◦C) and precipitation levels (%) for
the Surčin weather station based on hourly and daily data (source: RHMZ).

Mean Air Temperature (◦C)

Months
Period 1 2 3 4 5 6 7 8 9 10 11 12 x

Tmean 1991/2020 1.0 3.0 7.5 12.9 17.6 21.4 23.3 23.2 18.0 12.8 7.4 2.2 12.5
Tmean 2007/2022 1.8 4.2 8.0 13.5 17.8 22.2 24.1 24.0 18.6 13.0 8.2 3.3 13.2

Tmean 2023 5.1 4.1 9.3 10.6 16.8 21.2 25.3 23.8 21.9 17.02 9.0 5.9 14.2
Deviation Tmean 2023 from

the reference period 4.2 1.6 2.0 −3.0 −1.2 −0.9 2.0 0.7 4.2 4.25 1.6 3.8 1.7

Deviation Tmean 2023 from
period 2007–2022 3.4 0.4 1.7 −3.6 −1.2 −1.5 1.2 −0.1 3.8 4.05 0.8 2.7 1.7

Mean maximum air temperature (◦C)

Tmax 1991/2020 4.5 7.4 12.9 18.4 23.2 26.9 29.0 29.3 24.1 18.5 11.9 5.5 17.6
Tmax 2007/2022 5.3 8.6 13.2 19.1 23.2 27.5 29.8 30.1 24.5 18.5 12.7 6.6 18.3

Tmax 2023 8.7 9.0 14.8 15.5 22.0 26.0 31.0 30.0 28.3 23.4 13.4 10.4 19.4
Deviation Tmax 2023 from the

reference period 4.2 1.6 2.0 −2.9 −1.2 −0.9 2.0 0.7 4.2 4.9 1.5 4.9 1.7

Deviation Tmax 2023 from
period 2007–2022 3.4 −0.4 1.7 −3.6 −1.2 −1.5 1.2 −0.1 3.8 4.9 0.7 3.8 1.1
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Table 2. Cont.

Mean Air Temperature (◦C)

Months
Period 1 2 3 4 5 6 7 8 9 10 11 12 x

Mean minimum air temperature (◦C)

Tmin 1991/2020 −2.3 −1.0 2.6 7.1 11.8 15.4 16.8 16.9 12.6 7.9 3.6 −0.9 7.5
Tmin 2007/2022 −1.6 0.1 3.1 7.4 12.1 16.2 17.6 17.5 13.1 8.2 4.4 0.2 8.2

Tmin 2023 2.5 0.0 4.0 5.8 11.9 16.1 18.7 18.0 15.8 11.4 4.9 1.9 9.2
Deviation Tmin 2023 from the

reference period 4.2 1.6 2.0 −3.0 −1.2 −0.9 2.0 0.7 4.2 3.4 1.3 2.8 1.7

Deviation Tmin 2023 from
period 2007–2022 3.4 0.4 1.7 −3.6 −1.2 −1.5 1.2 −0.1 3.8 3.2 0.5 1.7 1.1

Total and mean amounts of precipitation (mm)

Period I II III IV V VI VII VIII IX X XI XII ∑

Prec 1991/2020 42.4 34.0 41.7 47.4 68.1 80.1 58.2 54.0 56.0 50.7 45.5 48.3 626.4
Prec 2007/2022 44.9 38.2 48.4 40.4 82.5 74.2 51.0 45.3 52.3 50.0 48.5 50.0 625.8

Prec 2023 71.6 54.4 29.9 58.6 70.1 102.0 43.4 60.6 46.9 16.8 93.0 31.6 678.9
Deviation Prec 2023 from the

reference period 69 60 −28 24 3 27 −25 12 −16 −67 104 −35 8

Deviation Prec 2023 from
period 2007–2022 59 43 −38 45 −15 37 −15 34 −10 −66 92 −37 8

A strong seasonality of the bullace is evident. Specifically the phenological patterns
were influenced by variations in the climatic parameters within a multifunctional landscape,
as stated by previous authors [72]. While flowering and other phenological patterns of the
cherry plum exhibit associations with these variations, it is worth noting that phylogeny
has a more pronounced impact on this correlation. According to some researchers [73],
these findings can be attributed to a complex interplay of abiotic and biotic factors, taking
into account the historical evolutionary strategies of cherry-plum development.

4. Discussion

This study examines the changes in phenology during the 17-year period of urban
and suburban cherry-plum populations with a special focus on flowering and fruiting
as the prerequisite for the yield and reach of its full vegetative potential in abiotic stress
caused primarily by climate change. Although some studies suggest a 70% survival of
urban tree species [1], the vitality of species varies among various locations within the
city. Thus, it is necessary to inform decision makers of species-specific and climate-specific
characteristics to allow for the maximal provision of urban greenery to ecosystem services.
Prunus cerasifera Ehrh. populations, in our research, are located in a research area that has
two distinct characteristics: one is characterized by a predominantly residential area, while
the other is mainly an agricultural area but includes public infrastructures, such as roads
and other facilities. As this area does not belong to any protected category, it is important to
rely on resistant, native-to-semi-cultured species to contribute to biodiversity conservation
and the provision of the stepping stones to the species inhabiting the protected area of
the confluence of Sava and Danube. Thus, Prunus cerasifera Ehrh. was chosen, as the
literature suggested it is resistant to dominant stressors in this area—air pollutants—and
is adaptive to climate change. The cherry plum showed an air-mitigation potential that
was among the species with the best health conditions in a previous study [21] and a good
adaptive capacity for the climate and air-pollution projections for the next 20 years. It is
also appreciated for its carbon sequestration potential [16] and its capacity to accumulate
heavy metals [22,23]. In our research, the cherry plum occupies both positions: (a) in
private gardens, where its main role is providing yields and food for people and animals;
and (b) in roadside solitaires and groups, where its resistance to air pollution and the
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accumulation of carbon and heavy metals is of the utter importance. Other mechanisms
of its suitability for urban planning are its high photosynthetic values in urban areas [16],
and it was named the most suitable species used as a biomonitor, according to previous
researchers [74]. Habitat sustainability and important phenological stages are affected by
climate changes [49]. Ecosystem responses to climate changes and urbanization are clearly
seen in phenological changes [75], which can further affect the ecological and physiological
processes of plants, such as production, evapotranspiration, and plant development—plant
fitness.

Our research identifies biotic and environmental factors that significantly affect the
phenology and productivity of cherry-plum trees (Prunus cerasifera Ehrh.). Species from
the genus Prunus L. are cosmopolitan, encompassing 340 officially accepted species of the
cherry plum (Prunus cerasifera Ehrh.) native to West Asia, the Balkans (Serbia, Romania,
Bulgaria, and Greece), and the Caucasus [26,76,77]. The species is highly resistant, especially
to frost, and has shown a great power of adaptability, which is why it is used as a rootstock
for grafting, breeding, and genetic resources [26,78–81]. Some authors [54] also indicate
the high resistance of different cultivars of the cherry plum to frost, based on research in
Crimea. Others [82] point out that the cherry plum is a very resistant species, which does
not have many requirements and whose production and cultivation do not have a bad
impact on the environment.

A study [54] determined that the main factors limiting productivity in cherry-plum
cultivars were the flowering intensity and minimum air temperature during flowering as
well as spring frosts. Our results suggest that Prunus cerasifera Ehrh. as well as the bullace
(P. cerasifera Ehrh. × P. spinosa L.) are adaptive species maintaining abundant fruiting,
despite their cited susceptibility to late-spring frosts (which occurred from 3 March to
7 April in 2023). However, an early frost in autumn affected the repeated fruiting in
the bullace that was noted after the second flowering in the same year. Namely, the
yield was significantly lower compared to the previous 16-year period. The phenological
characteristics of the species previously revealed that the blossoming period varied among
genotypes, although they were all very early flowering and were at the risk of spring-frost
damage [83]. Late-spring frosts lead to ecological and economic losses, because plants are
vulnerable in the spring period when temperatures are below 0 ◦C [84], which places the
cherry plum high on the priority list for urban use, as our research showed that no fruiting
was affected by late-spring frosts. The findings of previous studies prove that with different
mechanisms of adaptation and changes in the physiological processes of plants, the risk
could be reduced, which was observed in Prunus cerasifera Ehrh. What was observed in our
research was that spring phenologies took place earlier, especially in those years when the
risk of late-spring frosts increased. Another explanation for the cherry-plum resilience to
spring frosts in our study could be that the winter-cold resistance of plums is significantly
influenced by temperature fluctuations, especially the autumn and early winter when they
prepare for dormancy, as cited in previous research [55]. September in Belgrade was warm
with no extreme fluctuations in temperatures. One study [85], in neighboring Romania,
specifies 21–25 March and 21–25 April as the most critical intervals for late frosts to affect
fruit trees and notices the higher values of the probabilities of damage occurrence for the
early cultivars. However, the probability of damage occurrence by late-spring frosts was
only less than 3%.

Phenology has an important place in current scenarios of global-change research due
to its role in monitoring and predicting the recurrence of life-cycle events [52]. Monitoring
phenology, as well as phenological modeling, is of great importance in terms of making
decisions about agricultural practices in growing agricultural trees [86,87]. The research on
plant phenology in urban environments is the basis for predicting future plant phenology
in cities where air temperatures are increasingly altered [88]. Using surveillance cameras in
urban areas, the phenology of several species was studied, among them the cherry plum,
and determined that the results of the phenological projections were in accordance with the
phenological observations conducted in the field [89,90]. Only in Ukraine in 2019, when
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the winter temperatures were unusually high, the repeated flowering of cherry plum was
recorded [91], while in our research, the repeated flowering of bullace was recorded only
in 2023.

Another research on the cherry plum of various age points that air temperatures
and precipitation in April and August have the biggest correlation with the phenological
occurrences [92]. April 2023 in Belgrade did not significantly deviate in precipitation
from other 16-year observations nor from the 1991–2020 period, but phenophases were still
shifted. Similar to our results, research in Slovakia [93], Iran [24], and Taiwan [83] noted that
temperature changes led to earlier onset of cherry plum phenophases. Urban and suburban
cherry-plum populations in Romania along with 9 other species were shifted to earlier
phenophases according to some [94]. Research on the phenology of cherry plum carried out
in Turkish Anatolia in the period from 1995 to 1997 shows that the time of full flowering was
from 8–15 March and from 20–28 March, similar to our results while fruit ripening began in
mid-May and early June [95]. A study on the flowering and fruiting phenology of certain
cultivars of the cherry plum, carried out in Iran [24], cites 21 March for BF, which is the 80th
DOY. Fruiting started in the first decade of July. All 17 years of our research showed that
the flowering of the basic form, in most cases, occurred significantly earlier than the early
flowering varieties of cherry plums in Iran. In the year of 2023, in Belgrade, the beginning
of flowering was at the 51st DOY, and in 2009, when, in Belgrade, cherry plums started
flowering at the 84th DOY (the latest), this was only 4 days later than in Iran. The median
onset of flowering for all the 17 years was 67, which is 13 days earlier than the study in Iran.
Some researchers [92] followed the air temperature and precipitation in April and August
due to the influence on the flowering and fruiting of cherry plums and cited an average of
a DOY of 91.5 as the beginning of flowering. These flowering data show that cherry plums
in Hungary flowered more than a month later compared to the earliest flowering period in
our study. According to previous research in Romania [33], the beginning of the flowering
of cherry plums was 15 March (74th DOY). The duration of flowering was 29 days when
the average air temperature was 9.69 ◦C. Some researchers [96] also studied the phenology
of 10 ornamental woody species, including cherry plums, among others, which bloomed in
Romania 2 days apart in urban and rural areas (5 km from the center), that is on the 80th
DOY and the 82nd DOY when converted to the DOY, as in our research. This is 13 days
later than our observation. Another research [83] investigated hybrids of the cherry plum
and apricot and noted that the beginning of flowering is in March (14 to 29), i.e., the 73rd to
the 88th DOY, which is a 21-day difference compared to the median of our survey. Thus, we
can conclude that the onset of the flowering phenophase in Belgrade is significantly earlier
than in neighboring countries. The research from Montenegro examined twenty cultivars
of Prunus cerasifera Ehrh. and concluded that the onset of flowering was in the last five days
of March and in the first twelve days of April and lasted 9 to 14 days [17]. These findings
are closer to our observations. We observed an increase in the length of the vegetation
season, which was registered before as well [97]. In Romania, the shortest duration from
bud-breaking to the end of blossoming was in P. cerasifera Ehrh. from 15 March to 15 April.
In 2023, in Belgrade, the flowering phenophase lasted 28 days (the 51st DOY to the 79th
DOY). In a 17-year period, the onset of the flowering was earlier by 15 days, while the end
was earlier by 11 days, which leads us to an extended flowering phenophase, as cited by
other researchers who noticed that, regardless of the species or phenological phase, the
urban environment accelerates the beginning of phenological phases [94].

A long time-series analysis, such as that of our research, could show clear trends of
the changes in phenology and could contribute to the informed planning of urban species.
We analyzed the shifts regarding the day of the year (DOY) as well as the GDD (growth
degree day) and found that accumulated heat was less affected than the DOY in regard to
the flowering phenophase. Other findings suggest that the predicted warming in the future
may result in a slowdown in the advance of the spring phenology of woody plants [98]. As
in previous studies, our findings suggest that the need for a cold climate is the main factor
that determines the flowering time [99,100], which is an important agronomic feature for
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seed and fruit development in species of fruit trees in temperate areas. Our results show
that the GDD is highly correlated with temperature and precipitation levels. The phenology
and fruiting of cherry plums are often the focus of research, as different cultivars and
hybrids of the cherry plum and other Prunus L. are stable, more adaptable, and, therefore,
are more profitable crops than others in a changing climate [101]. To increase the economic
efficiency of the horticultural industry, it is necessary to introduce high-yielding cultivars
and to consider scientific grounds for their placement in specific soil and climatic conditions.
The aim of the present research is to focus on those environmental factors that significantly
affect the flowering and productivity of cherry-plum trees (Prunus cerasifera Ehrh.). Some
research [54] also addresses the minimum air temperature during flowering as the factor
that affects the productivity of cherry plums, which is in accordance with our findings that
highlight the importance of the temperature, as the DOY was more affected than the GDD
during the 17-year period.

The adaptability of the cherry plum to climate changes in our research indicates that
the species does not require too much cost and provides many benefits in the city (ecosystem
services). As in another research [102], cherry plums could be suggested for more frequent
use in the arrangement of the urban environment. Due to its sustainability, it is appropriate
for urban planning, while maintaining its decorative and ecological values in changed
climatic conditions, as authors have previously suggested [103]. The use of Prunus cerasifera
Ehrh., and especially purple cultivars for urban greening, has a very important place, as it
shows great resistance to the negative conditions of climate changes and urbanization and
is a prerequisite for environmental sustainability [32]. In the urban and suburban areas of
Belgrade, there is a common presence of cultivars with anthocyanins that determine the
morpho-anatomical, biochemical, and physiological effects of the phenology in climate
changes [58]. The same study compared green-leaved to red-leaved cultivars and found
that the presence of anthocyanins promotes a delayed leaf senescence (a 4-week-longer leaf
lifespan), which is a well-appreciated feature in the context of urban greening. Our research
encompasses phenophases at the population level; therefore, the next step could be to
compare the differences in phenology in the cherry plum and its purple cultivar. Tolerance
to abiotic stresses is a very important feature of urban plant materials, especially trees, as
environmental conditions in cities are significantly altered due to global climate change.
The purple cultivars of the cherry plum are particularly resistant to drought stress, as
indicated by previous researchers [33]. Therefore, in the context of landscape architectural
planning and design, it is necessary to monitor the adaptation and resistance of plants to
stresses, as well as to know their vulnerability, when choosing the species for the design.
Also, studying the phenology of fruit-bearing species, in relation to ecological factors, helps
in researching their adaptation to climate change. If there are extended spring phenophases,
such as the number of days of flowering, this can, on the other hand, positively affect
pollination and provide a longer period that is favorable for bee flight [33]. Knowing
the sensitivity of plants is very important for making decisions about creating varieties
that are able to adapt to climate change. The temperature sensitivity of the red-leaved
cherry-plum cultivar was a focus of research for some authors [98], who concluded it was
almost constantly under changed elevated-temperature conditions for all phases, except
for flower opening. Temperature sensitivity was only strong during the opening of flower
buds. At a temperature of 10 ◦C, the buds of the cherry plum spread apart, while with
the passage of time, the fruits matured more slowly. The cherry plum showed the least
temperature sensitivity among the different phenophases.

In order to avoid extreme events, it is necessary that the development of adaptation
strategies to climate changes be oriented towards the use of cultivars that are resistant to
change factors, as well as the harmonization of phenology with those new environmental
conditions [104]. The same authors quantified the changes in carbon uptake through
assessments of phenological changes occurring in temperate forests. Since the cherry plum
in our research also occupies positions on the roadside, its capacity for carbon uptake is
also an important characteristic, especially if we take into account that in our location,
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the cherry plum is next to the road that connects two important ecosystems in terms of
biodiversity, one being the confluence of the Sava to the Danube River. Adaptations and
an increased carbon input through the process of photosynthesis due to earlier spring
phenophases were determined, which will have a positive effect, as global warming will
occur more slowly. As a result, the increase in areas under the greenery, as well as the
extension of the vegetation period, have an impact on the longer uptake of carbon [105,106].
Prunus cerasifera Ehrh. stands out as the species that covers more than one ecosystem
service: it is a fruit-bearing species with fruits that can be used as food for both humans and
animals and can be processed into a variety of products; it is adaptable to climate changes
with unaffected fruit production, despite the shifts in the flowering phenophase; and it is
highly ornamental, with the ability to mitigate the carbon sequestration and heavy metals
in polluted environments.

5. Conclusions

In the period of 2007 to 2023, significant climate changes occurred, marked by al-
terations in air temperatures, precipitation patterns, and occurrences of extreme events,
such as autumnal summer and tropical days and late (spring) and early (autumn) frosts.
The adaptability of Prunus cerasifera Ehrh. (cherry plum), as a fruit-bearing species, was
evaluated for its potential in urban design and planning, focusing on the phenological
aspects of flowering and fruiting. The cherry plum demonstrated a robust capacity to
withstand these climate variations.

The analysis of the flowering phenophase, assessed through both the DOY and GDD,
revealed that the onset of flowering occurred, on average, 15 days earlier, with the end
of flowering being 11 days earlier compared to the reference period. Thus, the flower-
ing phenophase was extended for 4 days in total. Despite these shifts, fruit abundance
remained unaffected, with all fruits receiving a maximal rating of 5 on the scale, even in
the presence of late frosts in March and April. A linear trend in the DOY indicated earlier
appearances of BF, FF, and EF, despite a 33-day difference between the earliest and latest
flowering phenophases. Conversely, the GDD exhibited stability, indicating consistent
heat-accumulation requirements for initiating subphases in flowering. The GDD correlated
with air temperatures and precipitation levels, aligning with prior research, even though
the earliest and latest flowering occurrences transpired amid similar precipitation levels.

In 2023, autumn fluctuations were extreme, bringing increased precipitation levels,
more summer and tropical days, late (spring) and early (autumn) frosts, and a snow cover
in spring. Despite these challenging weather conditions, the cherry plum consistently
delivered unchanged ecosystem services, with a maximum yield and extended flowering
contributing to prolonged ornamental values, thus exhibiting a resilience to early frosts.
The only registered repeated flowering, fruiting, and the growth and leafing of shoots
were observed in a hybrid of the cherry plum—bullace—lasting until the early frost in
autumn 2023. However, the late-spring frost was detrimental to the repeated fruiting in the
bullace in November, contributing to its decreased yield. The populations in urban and
suburban areas, in natural and semi-natural habitats, demonstrated an equal resilience to
climate changes. The cherry plum’s ability to thrive in urban environments positions it as a
suitable species for urban design in multifunctional landscapes, offering benefits such as
biodiversity conservation, air-pollution mitigation, and climate-change adaptation.
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59. Simović, I.; Šikoparija, B.; Panić, M.; Radulović, M.; Lugonja, P. Remote Sensing of Poplar Phenophase and Leaf Miner Attack in
Urban Forests. Remote Sens. 2022, 14, 6331. [CrossRef]

60. Available online: http://www.sllistbeograd.rs/pdf/2020/153-2020.pdf (accessed on 18 September 2023).
61. Available online: https://www.srbijavode.rs/images/dokumenti/vodoprivredna_osnova_republike_srbije.pdf (accessed on

18 September 2023).
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