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Abstract
The study examines the consequences of climate change in Malus (apple) and Pyrus (pear) on four phenological stages: bud
swelling (code 51 BBCHMonograph), budburst (code 53), beginning of flowering (code 61), and end of flowering (code 69) in
the temperate-continental climate of southern Romania. The hypothesis tested is how much the onset dates (TOD) of phenology
stages moved earlier due to climate change. Weather and phenological data were collected from 1969 to 2018 and were
statistically processed. There was an increase in air temperature (T) during the first 5 months in the year, with a significant rise
in March and April; significant linear relationships show an advance in TOD with the years elapsed. Inverse linear relationships
were found between TOD, maximum (Tmax), mean (Tmean), minimum (Tmin) temperature, and sunshine hours (Sh). The rela-
tionships between TOD and Tmax were the strongest. The early stages of flowering phenology are advancing more strongly than
later flowering stages. For apple, in the last 50 years, there was an advance of 13.8 days for stage 51, 14.8 days for stage 53,
10.7 days for stage 61, and only 7.3 days for stage 69; for pear trees, the advance was lower: 10 days for stage 51, 9 days for stage
53, 6.7 days for stage 61, and only 2.1 days for stage 69. These findings, which might be extrapolated to similar environments,
have important consequences in fruit growing, like the occurrence of climate accidents due to late frost, insect pollination, and
application of pesticides and irrigation water.
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Introduction

The observed trend of warming at a global or local scale can
have serious implications on living organisms. At continental
scale, over Eurasia between 1850 and 2005, mean annual air
temperatures from Coupled Model Intercomparison Project 5
(CMIP5) increased by about 0.074 °C per decade and will
probably increase by 0.08–0.72 °C per decade during the
years 2006–2100, depending on future emission pathways
(Peng et al. 2019); these authors also predicted an increase

of 1.68–6.41 °C during 2081–2100 compared with the period
1986–2005.

In Europe, Guedon and Legave (2008) reported an annual
temperature rise of 1.1–1.3 °C in France in the cropping re-
gions mainly since the late 1980s, while Blanke and Kunz
(2017), investigating a 60-year-long period of climate data in
Bonn/Germany, reported a warming trend since 1988, when
the air temperature increased by 0.6 °C until 2015. In the same
country, Waldau and Chmielewski (2018) examined a period
of 65 years (1951–2015) and reported an increase in mean
annual air temperature of March–May period by 1.9 °C.
There is also a trend of warming and aridity combined in some
Mediterranean countries, e.g., Spain (Paniagua et al. 2019).
Due to climate change manifested with warmer winters and
earlier springs, temperate fruit crop adaptation in many places
will be at risk in the coming decades (Wenden et al. 2017).

In Romania, some data on climate for the investigated re-
gion were first reported about two decades ago (Paltineanu
et al. 2000), and the trend of warming emphasizing some
consequences on rainfed or irrigated crops has been noted
by Paltineanu et al. (2011, 2012, 2016a). More recently,
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Dobrinescu et al. (2015) and Busuioc et al. (2015) noted the
increasing trend in air temperature during the 1962–2010 pe-
riod in Romania, while Chitu et al. (2015) emphasized the
increased variability of seasonal and annual extreme temper-
ature trends of the latest three decades.

In Europe, studies from the beginning of the twenty-
first century in Germany have revealed that phenological
phases of natural vegetation, as well as fruit trees and
field crops, showed a trend of chronological advance in
the year due to warming (Chmielewski et al. 2004).
Menzel et al. (2006) analyzed the phenological response
to climate change for many species. Sunley et al. (2006)
revealed a significant declining trend in winter chill oc-
curring with reduced spring frost mainly in southern re-
gions of England, with agronomic implications. In France,
Atauri et al. (2010) also observed a chronological advance
of mean flowering dates in apple and pear trees due to an
increase in temperatures from January to April ,
corresponding to the period of heat requirement
completion for buds. More recently, Chmielewski et al.
(2011) created models to evaluate blossom for a wider
range of apple cultivars, emphasizing that the beginning
of apple blossom has moved forward since 1989 due to
climate change. In the UK, Atkinson et al. (2013) reported
declining chilling and its impact on temperate perennial
crops. Advances in flowering stages of apple trees have
also been noted in a northern European climate (Rivero
et al. 2017). Trying to generalize data and develop a
theoretical approach, Darbyshire et al. (2017) created phe-
nology models for climate adaptation at a global scale
regarding apple flowering.

In some neighboring countries with temperate-continental
climate, Drkenda et al. (2018) found out an increasing trend in
air temperature and investigated the impact of climate change
on phenological stages in apple and cherry fruit trees,
reporting advanced flowering dates for these species.

Although this warming trend has been reported in some
regions, currently, the in-depth regional knowledge of
warming is insufficient, particularly regarding the implica-
tions of warming on fruit tree phenology and growing.
Flowering phenology of agricultural plants might be impor-
tant for fruit tree growing in the management of tree pollina-
tion and fruit set, as well as in fighting against late frosts, in
pesticide application and irrigation scheduling.

The purpose of this paper is to analyze the impact of cli-
mate change on the dates of the onset of phenological stages
of apple and pear trees in a continental climate of central and
southeastern Europe since the middle of the twentieth century;
another objective is to determine which climate variable cor-
related strongest with the time to the onset date (TOD, days) of
phenological stages, and if all stages of flowering phenology
are advancing equally, with the aim to use this knowledge in
fruit growing.

Materials and methods

Study site

The study has been carried out in apple and pear tree orchards
located at the Research Institute for Fruit Growing (RIFG) in
Pitesti-Maracineni, southern Romania. The study site is char-
acterized by a humid temperate-continental climate, with a
mean annual temperature (Tmean) of 9.9 °C, a precipitation
(P) of 680 mm, and an annual climatic water balance
(CWB = P – ETo, with ETo as Penman-Monteith reference
evapotranspiration) of − 20 mm for the 1969–2018 period,
Fig. 1. Tmean ranges during winter from − 3.6 to 2.9 °C in
December, from − 5.9 to 4.3 °C in January, and from −7.1 to
5.7 °C in February. In spring, Tmean varies from − 1.1 to 8.9 °C
in March, from 6.8 to 15.1 °C in April, and from 12.6 to
18.6 °C in May.

The weather data were collected in the RIFG fenced mete-
orological platform during 1969–2018 (50 years). From 1969
to 2008, there was a continuous recording of data with instru-
ments read by a meteorologist four times a day. This platform
has the following geographical latitude, longitude, and alti-
tude coordinates: 44.8982° North, 24.8674° East, and an alti-
tude of 285 m above sea level. In 2006, weather measure-
ments from meteorologists were carried out in parallel with
readings form automatic weather stations, WatchDog 900ET
from Spectrum Technologies Inc. Since 2008, another auto-
matic weather station, iMETOSag from Pessl Instruments
GmbH, was used to collect weather data, and from 2015, an
additional weather station,WatchDog 2900ET from Spectrum
Technologies Inc. was used as well. There were three repli-
cates of each measuring instrument to check the accuracy of
the data collected, and an analysis of data quality was per-
formed by comparing the RIFG data with the weather data
taken at a nearby station (5 km distance, Pitesti city) from
the national meteorological network. We found highly signif-
icant relationships between all climate variables.

The weather variables used in the present study, from
January 1 to May 31, were mean (Tmean), maximum (Tmax),
and minimum (Tmin) daily air temperature measured by classic
thermometers at 2 m height in the meteorological shelter from
1969 to 2008, and from the values recorded at 10-min inter-
vals by sensors in the automatic weather stations since 2008;
daily sunshine hours (Sh) measured by a Wild heliograph till
2008, and by the help of BF2 and BF5 sunshine sensors from
Delta-T Devices Ltd. since 2008; relative humidity (%), wind
speed, and precipitation measured by specific devices to de-
termine reference evapotranspiration and climatic water defi-
cit. We used the International System of Units (SI) for all
weather variables.

The soil is an aric antrosol, with a loamy to loamy-sandy
texture, while soil pH is moderately acid, with a large range
from topsoil to subsoil. Details on other soil chemical and
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physical properties were reported in previous papers
(Paltineanu et al. 2016b). The soils studied are profound
enough to allow a proper development of tree roots, irrespec-
tive of grafting on classical vigor rootstocks (Paltineanu et al.
2016d and 2016e) or low vigor rootstocks (Paltineanu et al.
2016c).

The landscape conditions of the region are similar to other
important areas of the southeastern and central parts of
Europe, such as Hungary, northern Bulgaria, eastern Serbia,
Moldova, and western Ukraine.

Data collection and processing of phenological stages

The phenological stage database consists of observations made
for apple and pear trees, with two representative cultivars, one
cultivar of each species. The cultivar/rootstock combinations are
Golden Delicious (Malus domestica Borkh.) grafted on MM106
and Curé (Pyrus communis L.) grafted on seedlings, grown in
RIFG orchards for 45 years (1969–1976 and 1982–2018) in the
case of apple trees and 42 years (1970–1976, 1982–2008 and
2011–2018) in the case of pear trees. The gaps are generally
because the old studied orchards were land-cleared, and new
orchards with the same cultivar/rootstock combinations were
established under similar soil and climate conditions in nearby
plots. These two cultivars have long been used in fruit growing in
Romania as well as other Balkan and central European countries
(Legave et al. 2008; Chiţu et al. 2013; Lepaja et al. 2015;
Schmidt and Kellerhals 2012).

For this study, the first four phenological stages were used
for apple and pear trees according to BBCH Monograph
(2001). These stages are inflorescence buds swelling (code
51), budbursts (code 53), beginning of flowering (code 61),
and end of flowering (code 69).

More than three (between 3 and 10) mature trees of various
ages (older than 8 years) grown in a classical system with
mowed sod strips between tree rows and cultivation and her-
bicide application in inter-rows have been studied. The plant-
ing distance was 4 m × 3 m.

The chilling requirement of trees is usually met in the win-
ter months. For the 2008–2018 period, when direct readings
from an automatic weather station were made, the chill hours
(0 to 7 °C) calculated by the help of a chilling hour model
(Weinberger 1950) were 952 ± 126.1 h fromNovember 1 until
January 31. However, chill hours show great differences be-
tween species and cultivars (Measham et al. 2014; Rai et al.
2015). Because chilling requirements are assumed to general-
ly be met until January 31, the time to the onset date (TOD) of
the four phenological stages has been considered February 1.
Thus, based on the course of air temperatures, TOD represents
the number of days from February 1 until the starting day of
each of the four phenological stages considered here, for every
year.

Statistical analysis of the data

The means of the climate variables for each of these four
phenological stages have been calculated for both species,
with the means from February 1 to the onset of each stage.
Regression equations between TOD, the elapsed years, and
climate variables have been calculated using the SPSS14.0.0
software (program made by LEAD Technologies, Inc.) and
also Microsoft Excel. The number of data was different for
all stages. According to the data shape distribution, fitted re-
gression equations and their statistical coefficients have been
calculated. Both linear and non-linear relationships have been
tried, and in most of the cases, the highest values of the
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correlation coefficients have been found for linear equations,
and this equation type has been used for all variables. The
relationship slope or regression coefficient (a), from the
TOD = ax + b linear equation type, has been used to show
the increase/decrease in TOD from 1 year to another for all
climatic variables presented (Tmean, Tmax, Tmin, and Sh). To
evaluate the strength of the average decade trend of
increasing/decreasing for the climate variables studied de-
pending on time, the regression coefficients have been multi-
plied by 10 (years).

Results

Dynamics of the climate variables characterizing
the warming trend for the 1969–2018 period

The climate variables that characterize the warming trend are
air temperature and sunshine hours. Table 1 shows a trend of
increase in Tmean, Tmax, Tmin, and Sh. The increase in Tmean,
Tmax, Tmin, and Sh over the January throughMay period is not
constant. The changes in these climate variables, evaluated by
linear regression equations and statistically assured by the
error probability (p ≤ 0.05), occurred during spring time, spe-
cifically in March and April. The average increase in Tmean

was 0.67 °C/decade in March and 0.42 °C/decade in April,
respectively. The increase in Tmax was 0.71 °C/decade in
March only, and the increase in Sh was 0.4 h day−1 in April.

In March, 15.1% of the Tmean oscillations (with r2 = 0.151**)
as well as 9.8% of Tmax oscillations (r

2 = 0.098*) were attrib-
uted to the elapsed time (year). In addition to the relatively
sharp increase in Tmean and Tmax of about 3 °C for the period
studied, the annual oscillations toward the regression line were
low. In April, 11.5% of the increase in Tmean and 20.1% of the
rise in Sh were also attributed to the elapsed time.

Correlations between TOD of phenological stages
and the elapsed years

There are correlations described by regression equations be-
tween TOD of the four phenological stages studied and the
years elapsed from 1969 to 2018 for both species (Table 2).
The number of years with observations and measurements is
different for the four stages. All these linear relationships
show an advance in TOD with years; for apple, TOD in stages
51 and 61 decreases significantly and stage 53 distinctly sig-
nificantly with the years elapsed, while stage 69 showed no
significant decrease. The TOD advance for pear trees was
non-significant in relation to the time elapsed due to a high
data scattering.

According to our phenological data of the 1969–2018 pe-
riod, for apple, the average occurrence dates of stage 51 is
March 19 ± 10.9 days, of stage 53 is March 29 ± 10.8 days,
of stage 61 is April 24 ± 8.8 days, and of stage 69 is May 04 ±
8.0 days, while for pear trees stage 51 generally occurs in
March 18 ± 11.3 days, stage 53 in March 29 ± 9.6 days, stage
61 in April 18 ± 8.5 days, and stage 69 in April 28 ± 8.1 days.
Stages 51 and 53 have similar occurrence dates, while stages
61 and 69 differ substantially between the two fruit tree
species.

Table 2 Regression coefficients (a and b) of TOD for the phenology
stages in the case of apple and pear trees depending on time (x), 1969–
2018, from the linear relationships (TOD = ax + b); the correlation
coefficient r is shown and also the number of years with observations (n)

Species Stage no. n a b r Significance

Apple 51 35 − 0.2817 610.2 0.40 p ≤ 0.05
53 42 − 0.3026 660.9 0.41 p ≤ 0.01
61 45 − 0.2184 519.2 0.36 p ≤ 0.05
69 42 − 0.1450 392.8 0.28 Not significant

Pear 51 34 − 0.2075 460.2 0.28 Not significant

53 41 − 0.1873 430.7 0.29 Not significant

61 40 − 0.1393 355.3 0.23 Not significant

69 39 − 0.0444 176.4 0.08 Not significant

In the tables and graphs, the coefficient of correlation (r) is significant for
the error probability p ≤ 0.05, distinctly significant (p ≤ 0.01), highly sig-
nificant (p ≤ 0.001), or not significant, respectively

Table 1 Statistics of the linear regression equations between Tmean,
Tmax, Tmin, Sh, and time for the first 5 months of the investigated years
(1969–2018) to evaluate the average decade trend calculated from the
regression coefficients of these equations (multiplied by 10 years),
probab. is probability, r2 is the determination coefficient, and the
horizontal bar length obeys the proportion between months within each
climate variable
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Correlations between TOD of the phenological stages
and some climate variables

Correlations have been found between TOD of the phenolog-
ical stages and some climate variables: Tmax, Tmean, Tmin, and
Sh for the February through May periods, with each stage
from February 1 to the onset of each individual stage (Fig. 2
and Table 3). All four studied stages occurred earlier with
warmer temperatures. The obtained relationships are linear
and inverse, and show an advance of TOD with an increase
in these climate variables for all the four stages studied.

From the climate variables investigated, the TOD relation-
ships involving Tmax presents the highest r values, between
0.72 and 0.89 for apple trees, and between 0.68 and 0.85 for
pear trees, Fig. 2. The next highest r values from the climate
variables studied is for Tmean, closely followed by Sh, Table 3.
However, there was no shortening of blossoming time with
rising temperatures when correlating the mean temperatures
between BBCH61 and BBCH69 stages with TOD for the
same periods for both fruit tree species; on the contrary, we
found direct correlations, with r = 0.34, p < 0.05 for apple
trees and r = 0.27 for pear trees.

Discussion

The warming trend

In the study region, the warming trend was previously shown by
Paltineanu et al. (2012), Chitu et al. (2015) and Busuioc et al.
(2015). This trend is now updated and confirmed, specifically for
March and April, when Tmean increased on average by about
1.2 °C (resulted from 0.67 °C × 1.8 decades) and 0.8 °C

(0.42 °C × 1.8 decades), respectively, (Table 1), from the begin-
ning of the twenty-first century. In the same months, Tmax in-
creased by 1.3 °C and 0.8 °C (Table 1), respectively, and Sh rose
by 0.72 h day−1 (0.4 h × 1.8 decades) in April (Table 1), versus
the same reference time. In France and Switzerland, Guedon and
Legave (2008) noted a warming trend in February andMarch by
about 1.6 °C, specifically later than the 1988.

The annual increase in temperature seems to be largely
extended in Europe, as stressed many scientists (e.g.,
Chmielewski et al. 2004; Peng et al. 2019; Drkenda et al.
2018). However, the annual air temperature has risen differ-
ently in various European locations compared with that of the
last century, e.g., by 1.4 °C in Ljubljana, Slovenia, by 1.2 °C
inČačak, Serbia, and by 1.7 °C in Klein-Altendorf near Bonn,
Germany (Drkenda et al. 2018). The rise in temperature in
March and April is expected to determine an earlier start in
vegetation of the trees and the exposure of flowers to late
freezing. Wypych et al. (2016) have also reported a significant
increase in the length of the frost-free season, up to 10 days
per decade in the western parts of Europe. Nevertheless, even
if there is a warming trend, Tomczyk et al. (2019) have report-
ed that the number of frost days in spring increased from the
west to the east of central Europe for the 1966–2015 period,
and these anomalies affect more seriously the eastern part of
this geographical region. After these authors, the cause is re-
lated to a higher than average air pressure at sea level over the
prevailing area of the Euro-Atlantic sector.

Correlations between TOD, the elapsed years,
and some climate variables

The regression equations depicted in Table 2 show the ad-
vance of phenological stages during the 45 years of

y BBCH51 = -4.295 x + 83.0
r = 0.84 (p<0.001)

y BBCH53 = -4.831 x + 99.1
r = 0.89 (p<0.001)

y BBCH61 = -4.652 x + 134.5
r = 0.81 (p<0.001)

y BBCH69 = -4.267 x + 144.5
r = 0.72 (p<0.001)
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Fig. 2 Linear relationships between the time to onset date (TOD) of phenological stages and the means of maximum air temperature, Tmax, from
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observations for apple trees and 42 years for pear trees. The
highest TOD advance, shown by slope of the regression line,
occurred for stage 53, followed by stage 51, stage 61, all
significantly, and for stage 69, non-significant, for apple trees,
as well as for stages 51 and 53 for pear trees, yet non-signif-
icant. This advance might be attributed to the highest signifi-
cant increase in air temperature in the region that occurred, as
discussed, during March and April, with the highest rise in
March, stage 53 being essentially covered by 29 March, in
addition to the cold period of winter, for both species. Stage
51 is generally covered by the cold period of the year when the
increase in temperature is not strong, and only by the first part
of March (days 18 and 19 for pear and apple, respectively),
while stages 61 and 69 occur on average in April for pear, and
April and the first part of May for apple.

In the continental climate of the southern Romania, there
was thus an advance for all four phenological stages for apple

from 1969 until 2018 as follows: 13.8 days for stage 51,
14.8 days for stage 53, 10.7 days for stage 61, and only
7.3 days for stage 69, with the last one non-significant. For
pear trees, the advance of the phenological stages from 1970
to 2018was lower than the one for apple trees, and occurred as
follows: 10 days for stage 51, 9 days for stage 53, 6.7 days for
stage 61, and only 2.1 days for stage 69, also non-significant
due to a large data scattering. Flowering starts by about 6 days
earlier for pear trees than apple trees.

As seen from Table 3, the highest correlation coefficients
between TOD and the climate variables were generally found
for Tmax, followed by Tmean, Sh, and Tmin. No other climate
variable was found to correlate with TOD. Even if the pheno-
logical advance for pear trees was not significant versus the
time elapsed, because the increased air temperature and the
strong correlation between TOD, Tmean and Tmax, that advance
might probably become significant in the future. Similar

Table 3 Regression coefficients (a and b) of the linear relationships
between the time to onset date of phenological stages (TOD) and Tmean,
Tmin, and Sh, (with TOD= ax + b) for apple and pear trees, 1969–2018;
the used climate data were only for the corresponding months of each

phenological stage, i.e., from February 1 until the onset of each stage, and
the correlation coefficient r is also shown as well as the number of years
with phenological observations (n)

Climate variable/species Stage no. n a b r Significance

Apple trees

Tmean 51 35 − 4.853 59.6 0.72 p ≤ 0.001
53 42 − 5.995 74.2 0.81 p ≤ 0.001
61 45 − 5.151 108.7 0.68 p ≤ 0.001
69 42 − 4.354 118.9 0.57 p ≤ 0.001

Tmin 51 35 − 2.884 41.4 0.45 p ≤ 0.01
53 42 − 4.204 50.0 0.54 p ≤ 0.001
61 45 − 2.763 83.2 0.35 p ≤ 0.05
69 42 − 2.335 95.4 0.30 p ≤ 0.05

Sh 51 35 − 5.387 73.2 0.50 p ≤ 0.01
53 42 − 6.191 86.1 0.55 p ≤ 0.001
61 45 − 7.421 122.0 0.61 p ≤ 0.001
69 42 − 4.942 120.5 0.42 p ≤ 0.01

Pear trees

Tmean 51 34 − 5.600 58.3 0.78 p ≤ 0.001
53 41 − 4.456 69.4 0.77 p ≤ 0.001
61 40 − 4.291 96.44 0.66 p ≤ 0.001
69 39 − 3.945 108.5 0.57 p ≤ 0.001

Tmin 51 34 − 3.751 37.2 0.53 p ≤ 0.01
53 41 − 3.477 50.7 0.58 p ≤ 0.001
61 40 − 2.719 76.1 0.37 p ≤ 0.05
69 39 − 2.926 88.5 0.40 p ≤ 0.05

Sh 51 34 − 4.802 68.8 0.46 p ≤ 0.01
53 41 − 3.493 73.7 0.36 p ≤ 0.05
61 40 − 5.459 105.3 0.53 p ≤ 0.001
69 39 − 3.332 105.3 0.31 Not significant

Note that a is the slope and b is the intercept for the regression equation obtained, while p is the error probability
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results have been recently found for two other fruit species in
the region, i.e., sweet and sour cherry trees (Paltineanu and
Chitu 2020).

Compared with other countries in the central and southeast-
ern part of Europe, the start of flowering (stage 61) in the study
region advanced with a similar magnitude (about 11 days for
apple trees and 7 days for pear trees, according to the
relationships shown in Table 2) as that of the neighboring
Serbia (10 to 14 days for Golden Delicious cv. atČačak town)
and the farther Germany (7 to 10 days at Bonn) versus the past
century, as reported by Drkenda et al. (2018).

In the western part of Europe, Sunley et al. (2006) and
Atkinson et al. (2013) reported declining chilling and its
impact on temperate perennial crops especially in the
southern part of England. Guedon and Legave (2008) also
noted advanced flowering dates in apple and pear trees in
France and Switzerland as an effect of global warming,
specifically later than 1988, and Chmielewski et al. (2011)
for apple in Germany.

This trend of advanced flowering stage in central and
southeastern Europe was also noticed in a northern climate
by Rivero et al. (2017), who found a close relationship be-
tween the flowering stage of the Gravenstein apple cultivar
and April–May temperatures over a long period (1946–2016).
Notwithstanding, in warmer semi-arid environments
(Morocco), El Yaacoubi et al. (2019) noted a longer dormancy
period as an effect of climate change for apple trees. The
advance pattern of the phenological stages for apple trees
and pear trees seems to generalize not only in Romania but
also in many parts of Europe.

One of the most important finding of this work is that the
early stages of flowering phenology are advancing more
strongly than later flowering phenology stages. There are also
climatic-related changes of the blossoming time as difference
between stages 69 and 61 for both fruit tree species. For apple
trees, blossoming time significantly increased when related to
Tmax (r = 0.46, p ≤ 0.01), Tmean (r = 0.40, p ≤ 0.01), and Sh
(r = 0.38, p ≤ 0.05), whereas for pear trees, the direct linear
relationships found between these variables were not signifi-
cant. As previously shown, when only using the variables
between these two stages, we unexpectedly did not find any
shortening of blossoming time with rising temperatures for
both fruit tree species.

Thus, a very important consequence of this advanced trend
for the phenological stages in apple and pear trees is the oc-
currence of climate accidents as late frost. Climate accidents
became more frequent in the last decades because of the ex-
treme and high-amplitude oscillations of air temperatures dur-
ing the spring, mainly in April when flowering occurs, and as
previously reported by Chitu et al. (2015) and Busuioc et al.
(2015). Similar observations have been made in other
European countries by Drkenda et al. (2018). According to
Chitu et al. (2011), climate accidents also became more

frequent in the recent decades for other fruit tree species in
the region.

Another consequence refers to insect pollination; during
warm springs, flowering is not always in harmony with insect
activity, mainly during rainy and cold days. As a result, fruit
set is then poor, and fruit yield as well.

Among other consequences of the advancing of phenolog-
ical stages is the earlier application of pesticides on trees.
Farmers should also take into account additional treatments
to impede development of specific pests and diseases, as well
as to adjust irrigation scheduling and harvesting time.

Romania’s continental climate is not much different from
other European countries, specifically neighboring or not far
countries (Hungary, northern Bulgaria, eastern Serbia,
Moldova, western Ukraine, eastern Slovakia, etc.). That is
why the results of the present paper could be extrapolated to
other countries or regions in Europe or elsewhere with similar
environment. If the global changes continue, important chang-
es in orchard management are needed for these two fruit tree
species.

Conclusions

There was an increase in air temperature during the first
5 months of the year for the 1969–2018 period, mainly in
March and April; sunshine hours also increased significantly
in April.

There were significant linear relationships showing an ad-
vance in the onset dates of three out of four phenological
stages (TOD) with the years elapsed for apple trees, and no
significant relationships for pear trees due to a large data
scattering.

Linear and inverse relationships were found between TOD
for all the four stages investigated, Tmax, Tmean, Tmin, and Sh
for the corresponding periods, for both tree species. The rela-
tionships between TOD and Tmax present the highest r values.

The early stages of flowering phenology are advancing
more strongly than later flowering phenology stages.

One of the most important consequences of this advanced
trend for the phenological stages in apple and pear trees is the
occurrence of climate accidents as late frost, i.e., the increase
in their frequency and severity. Other consequences refer to
the difficulty of insect pollination and fruit set, to earlier ap-
plication of phytosanitary treatments and irrigation water, and
to the advance in the harvesting date.

The advance pattern of the phenological stages for apple
trees and pear trees seems to generalize in many parts of
Europe with a continental climate. The knowledge obtained
here could be used by farmers in other countries or regions
with similar environment. If global warming continues, this
advance might probably be more serious in the future.
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