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The influence of urban conditions on the phenology of some ornamental species
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Abstract. The differences between the phenology of plants in rural and urban areas are the subject of research all over the world.
The aim of this study is to assess the impact of urban conditions and distance from the town center on the phenology of ornamental
species: Forsythia x intermedia; Mahonia aquifolium; Spiraea x vanhouttei; Albizia julibrissin;, Syringa vulgaris; Chaenomeles japonica,
Aesculus hippocastanum; Prunus cerasifera; Catalpa bignonioides; Tilia tomentosa. The study assesed the date of average onset of
individual phenological phases of some ornamental species, analyzing the variability of dates when bud-bursting, flowering and
fruit-setting occur, in relation to the two areas analyzed, namely the town center and a neighboring area located 5 km from the town
center. In order to compare the bud-bursting (09 BBCH), the first open flowers (60 BBCH), the end of flowering (69 BBCH) and the
ripe fruit (89 BBCH), the F-Test Two - Sample for Variances test was used. The results show the variation of phenological phases
from one species to another, from one area to another and the influence of urban environment on phenology, on vegetation season
of the analyzed species, each phenological phase starting earlier in the town center compared to the neighboring area, 5 km away.
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Introduction

Phenology refers to the recurrent annual cycles of plant ac-
tivity, such as the appearance of leaves in spring season and
their fall in autumn. These cycles are driven by climate indi-
ces (Ma & Zhou 2011) and are therefore an important indica-
tor of annual meteorological trends (Cosmulescu et al.
2010a,b). For example, in Europe it has been found that a
spring temperature rise of 1°C has been associated with a 7-
day advance of the growing season (Chmielewski & Rotzer
2001). Similar results have been reported in the eastern Unit-
ed States, where the vegetation season begins 4-6 days earli-
er since the mid-1960s (White et al. 2009, Li et al. 2016), in
China, where the phenology of spring has advanced on av-
erage by 2.88 days per decade in response to the rising
spring temperatures (Ma & Zhou 2011), in Romania where
spring phenology is strongly influenced by temperature
(Cosmulescu & Ionescu 2018). Therefore, phenology is one of
the most obvious and easy to measure plant responses to
climate changes. The impact of global warming and urbani-
zation on vegetation phenology has been gradually recog-
nized and accepted as a consensus. In China, Ding et al.
(2020) found that spring phenology occurs 9.6 days earlier,
while the autumn phenology 6.63 days later in urban areas,
compared to rural areas. These results are in line with the re-
sults of previous research conducted in China (Zhou et al.
2016, Jeong et al. 2018). Rapid urbanization is accepted as an
important factor leading to ecosystem change (Li et al. 2016).
In particular, the increase in impermeable surfaces (roads,
buildings, parking lots, etc.) has changed the process of en-
ergy exchange between the surface of the land and the at-
mosphere. These changes have intensified urban tempera-
tures and contribute to the emergence of urban heat island
(Zhou et al. 2014). Consequently, it has been widely ob-
served that, due to the effect of urban heat island (UHI),
plants in urban areas usually have an earlier spring phenol-
ogy and a later autumn phenology than their rural counter-

parts (Li et al. 2016, Zhou et al. 2016, Jeong et al. 2018). There
are numerous studies around the world that show the im-
pact of urbanization and global climate changes on the envi-
ronment. Urban conditions can significantly influence plant
phenology by changing the hydrological regime or local cli-
mate (Buyantuyev & Wu 2012). Research on the island of ur-
ban heat and related issues is current and important espe-
cially as the percentage of the population living in urban ar-
eas is increasing and high temperatures can affect the ther-
mal comfort and well-being of city inhabitants (Santamouris
2014). Cities are an important area of phenological research,
as ecological conditions can help assess the potential effects
of climate changes on plants (Luo et al. 2007, Cosmulescu et
al. 2020). The aim of this study is to assess the impact of ur-
ban conditions and distance from the town center on the
phenology of some ornamental species. The study assesed
the average duration of individual phenological phases of
some ornamental species, analyzing the variability of the
dates when bud-bursting, flowering and fruit-setting occur,
in relation to the two analyzed areas, respectively the town
center (Z1) and a neighboring area (Z2), located at 5 km from
the town center.

Material and Methods

The research area, Gaesti town, is located in the Southwest of
Dambovita County, Muntenia, Romania (44°43'10"N 25°19'11"E and
190.62 m altitude). Located at the contact between the Romanian
Plain and the Céandesti Piedmont, between the valleys of Arges and
Potopu rivers, it has a temperate continental climate of transition
characterized by hot summers, droughts and winters with average
temperatures below 0°C. From this area, 10 species of ornamental
shrubs: Forsythia x intermedia; Mahonia aquifolium; Spiraea x vanhouttei;
Albizia julibrissin; Syringa vulgaris; Chaenomeles japonica, Aesculus hip-
pocastanum; Prunus cerasifera; Catalpa bignonioides; Tilia tomentosa,
were chosen for study, in two areas: the town center Z1;
44°71'81"23N, 25°32'03"48E) and a neighboring area (Z2;
44°72'02"26N, 25°29'96"E), located 5 km from the town center. Ten
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Table 1. Description of phenophases recorded in ornamental species based on BBCH code

No. of . Phenological phase BBCH  Description of
Phonological phase code BBCH code
FO Bud-bursting 09 Visible green leaves
F1 Occurrence/Development of leaves 19 The first whole visible leaves
F3 Elongation of stem or growth of the rosette, 39 Shoots attained 90% of final length
development of shoots
F5 Occrrence of inflorescence 59 Separation of floral buds
F6 Flowering 60 First open flowers
Full flowering* 65 At least 50% of flowers are open,
the first petals are falling
The end of flowering* 69 The end of flowering: all the petals are fallen
F7 Fruits development 71 Ovary growth, young fruit
F8 Strengthening or ripening of fruits and seeds 89 Mature fruit

plants of each species were analysed in each location, over two years
(2018-2019 and 2019-2020). The phenophases of the growing season,
from the start of vegetation until the end of flowering and fruit-
setting were recorded using BBCH-scale (Table 1), also used by other
researchers for various plant species (Finn et al. 2007, Babalova et al.
2018, Cosmulescu & Scrieciu 2019, Cosmulescu et al. 2020), through
observations on leafing, flowering and fruit-setting, at an interval of
2-4 days, by calculating the number of days from November 1 for
different phenophases. In order to outline the variation of some phe-
nological phases from one area to another and implicitly the influ-
ence of urban environment on the phenology of the analyzed spe-
cies, the F-Test Two-Sample for Variance test was used.

Results

This study assesses the impact of urban environment on the
spring and autumn phenology, addressing the phenology of
10 plant species analyzed in two study areas, the town center
and a neighboring area. Table 2 presents the date of the av-
erage onset of spring and autumn phenological phases in 10
species, in days and depending on the distance from the cen-
ter. In Forsythia intermedia the bud-bursting (09 BBCH) oc-
curred at 123 days from November 1 in the town center (Z1)
and one day later, respectively at 124 days from November 1
in the analyzed neighboring area (Z2). The first whole leaves
(19 BBCH) became visible at 114 days from November 1 in
the town center and at 115 in the surrounding area, full
flowering (65 BBCH) occurred at 126 and 127 days, respec-
tively, from November 1 and the beginning of leaf fall (93
BBCH) at 344 and 346 days respectively from November 1.
In Mahonia aquifolium the bud-bursting (09 BBCH), the first
visible green leaves (19 BBCH), shoots at 90% of the final
length (39 BBCH), the appearance of inflorescence (59
BBCH), the end of flowering (69 BBCH), the young fruit (71
BBCH) and ripe fruit (89 BBCH) are phenophases that oc-
curred two days earlier in the town center compared to the
surrounding area located 5 km and full flowering (65 BBCH)
occurred 3 days earlier in the town center than in the sur-
rounding area. In Spiraea vanhouttei the BBCH 93 and BBCH
97 occurred 1 day earlier in the town center, BBCH 09, 19, 39,
60, 71, 89 with two days earlier, BBCH 69 with 3 days earlier
in the town center, and BBCH 59 with 7 days earlier in the
town center than in the neighboring area. In Syringa vulgaris
most phenophases (09.19, 39, 60,65,69,71,89 BBCH) also
started two days earlier in the town center. The appearance

of inflorescence (59 BBCH) started 3 days earlier in the town
center and all the leaves fell 1 day later in the neighboring
area compared to the town center. In Albizia julibrissin most
phenological phases had a 2-day earlier onset in the town
center, except for 19 BBCH and 39 BBCH which occurred 3
days earlier in the town center and 89 BBCH (fruit ripening)
which occurred 4 days later in the surrounding area. And in
Tillia tomentosa the onset of phenological phases occurred
earlier in the town center and later in the surrounding area.
Phenophases 09, 19, 39, 60, 65, 69, 71, 93, 97 occurred two
days earlier, phenophase 89 three days and stage 59 with 1
day earlier. Stages 09, 19, 39, 59, 65, 69, 89, 97 occurred 2
days earlier in the town center at Aesculus hippocastanum, 71
and 93 with 1 day earlier and BBCH 60 with 3 days earlier.
BBCH 19 in Aesculus hippocastanum occurred at 154-156 days
from November 1, BBCH 89 occurred at 249-251 days from
November 1, BBCH 93 at 351-352 days, and BBCH 97 at 370-
372 days. The high difference between the number of days
until the beginning of a phase is due to the day of November
1, taken as a benchmark, in our study, for calculating the
number of days until the beginning of a phenological phase.
In Catalpa sp. 1 day later the BBCH 65, 71, 93 and 97 occurred
in the surrounding area, 2 days later the BBCH 19, 39, 59, 60,
69 and the BBCH 0989 with 3 days later. In Prunus the BBCH
09,19, 93 AND 97 occurred 1 day earlier in the town center,
the BBCH 39, 59, 60, 69 and 89 with two days earlier, the
BBCH 65 with 3 days earlier and BBCH 71 with 5 days earli-
er. In Chaenomeles the BBCH 09, 39, 59, 60 and 65 occured 1
day earlier in the town center compared to the surrounding
area, the BBCH 19, 69, 71, 93 and 97 occurred 2 days earlier,
while fruit ripening (BBCH 89) occurred with 6 days earlier.
Phenological spring season begins with Chaenomeles for
which the bud-bursting occurred at 87 days from November
1, in the town center, and 88 days in the surrounding area,
followed by Mahonia aquifolium, then followed by Prunus.
Most days from November 1 at the beginning of bud-
bursting passed in Albizia julibrissin (188 days in the town
center and 190 days in the surrounding area) and in Catalpa
sp. (184 days in the town center and 187 days in the sur-
rounding area). In order to highlight the variation of some
phenological phases from one area to another and implicitly
the influence of urban environment on the phenology of the
analyzed species, the F-Test Two-Sample for Variances test
was used and the obtained results are presented in Table 3.
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Discussion

Urbanization and anthropogenic activities affect the regional
climate and ecosystems. Under the increase of urbanization
level and associated with the growth of urban population in
the near future, the understanding of urbanization impact on
terrestrial ecosystems is important for predicting future en-
vironmental changes. Jeong et al. (2019) stated that, regard-
less of the species, the urban environment has significant re-
lationships with spring phenology and significantly negative
relationships with autumn phenology, respectively the ur-
ban environment causes early onset of spring phenology (of
up to 13 days) and delaying of leaf colouring (of up to 15
days). According to the data obtained (Table 2) it can be seen
that in the urban area each phenological phase had an earlier
onset in Forsythia intermedia. Cosmulescu et al. (2020) report-
ed a number of 112 and 128 days, respectively, from No-
vember 1 to vegetative and floriferous bud-bursting, respec-
tively, in Forsythia intermedia. In Mahonia aquifolium the
spring phenophases occurred earlier in the town center (Ta-
ble 2) which agrees with those specified by Prevéy et al.
(2020): phenological models developed by indicates that the
flowering and ripening of fruit in Mahonia aquifolium will
advance by an average of 25 days by the middle of the 21st
century, and 36 days by the end of the 21st century. Phe-
nophases also took place 1 to 7 days earlier in Spiraea
vanhouttei in the town center comparatively to the neighbor-
ing area. Toma & Zaharia (2014) analyzed the phenological
stages in Spiraea vanhouttei to provide information that can
be used to improve the management and maintenance of ur-
ban green spaces due to the extensive data that can be col-
lected worldwide, especially in Europe, using the same cod-
ing method of phenological information, the BBCH codes.
Also Syringa wulgaris behaved similarly to other species,
spring phenophases were triggered earlier in the town center
than in the outskirts. The same behaviour was also recorded
in Albizia julibrissin, Tillia tomentosa, Aesculus hippocastanum,
Catalpa sp. and Prunus sp. Rosemartin et al. (2015) compiled
a data set from 1956 to 2014 on leafing and flowering of Sy-
ringa vulgaris in the United States. Babélova et al. (2018) stat-
ed that the change in the onset of phenophases in south-
western and central Slovakia, showing that in Tilia the flow-
ering (60 BBCH) occurs earlier by 2.4 to 6 days depending on
temperature. Weryszko-Chmielewska et al. (2019) studied
the response of Tillia sp. from the urban and forest environ-
ment over the period 2001-2018 and showed that in 2018,
when there was a significant increase in temperature above
the average of the 17-year study period, flowering and the
end of flowering clearly accelerated, in Tillia sp. The moment
of phenological phases in Tillia sp. occurred earlier in urban
areas compared to natural habitat conditions by 7-15 days in
the study conducted by Kolyasnikova & Vlasov (2017). The
number of days from November 1 until the onset of spring
phenophases in the studied species was similar to that re-
ported by other authors. Orzechowska-Szajda et al. (2020)
showed that BBCH 19 occurred at 119-124 days, BBCH 89
occurred at 240-245 days, BBCH 93 occurred at 261-264 days
and BBCH 97 at 311-317 days, depending on the distance
from town center. The results obtained by Roetzer et al.
(2000) in the analysis of phenology in Prunus and Forsythia
intermedia indicate that, despite regional differences, in al-
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most all cases, the species bloomed earlier in urbanized areas
than in the corresponding rural areas. Early onset in urban
areas was about 4 days earlier for pre-spring phenophases
and about 2 days for spring phenophases. It can be seen that,
regardless of the species, regardless of the phenological
phase, the urban environment accelerates the beginning of
phenological phases, shortening the vegetation season. The
results obtained by Orzechowska-Szajda et al. (2020) based
on the average time of appearance of phenological phases in
Aesculus hippocastanum showed that the onset of vegetation
was observed earlier in the town center than on its outskirts.
The analysis F-Test Two-Sample for Variances (Table 3) indi-
cates that for all four phenological phases analyzed, namely
bud-bursting, first open flowers, the end of flowering and
ripe fruit, the statistical value of F is higher than Fcrit, so the
null hypothesis that the two variables, ie the two analyzed
areas would have equal variances, it is rejected, so the vari-
ances of the two analyzed areas are unequal, which shows
that there are variations of the average data of phenological
phases analyzed in the 10 species depending on the study
area, Z1 (town center) and Z2 (outer area). It can also be seen
that the variance is higher in the bordering area, as the num-
ber of days from November 1 at the beginning of a pheno-
logical phase is higher in the bordering area compared to the
town center area, where the heat island effect causes the ear-
ly start of phenological phases, ie implicitly the reduction of
vegetation season. The value of P is higher than the specified
alpha level of 0.05, ie the probability of obtaining an F higher
than a critical F is at least 0.47, which strengthens the rejec-
tion of the null hypothesis that the variances of the two vari-
ables would be equal.

Conclusions

It can be seen that the urban environment accelerates the on-
set of phenological phases. The order in which the analyzed
species start in vegetation is maintained from one year to
another, a characteristic determined by the need for cold
hours, respectively heat, for each species.
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