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Abstract
The objective of the joint project between the two universities of Bonn and Sarajevo was to study the effects of climate
change associated with warmer winter and spring temperatures on fruit tree phenology. Changes in flowering date of apple
and cherry were correlated with local weather data obtained concomitantly on-site at four locations in the Balkan countries
Slovenia, Serbia, B & H and at Bonn, Germany.
Phenological data of flower opening (F1; BBCH 61) of apple cv. ‘Golden Delicious’ originated from 55 years at Cacak
(44°N, Serbia) and at Klein-Altendorf, University of Bonn (50°N), cv. ‘Bobovec’ from the University of Ljubljana (46°N,
Slovenia) and cherry cv. ‘Burlat’ (35 years at Klein-Altendorf, 50°N) and 20–30 years at Tuzla (44°N, B & H) and Mostar
(43°N, Bosnia & Herzegovina; B & H).
The annual precipitation showed a negligible change in the last 55 years of ±5% in the Balkan countries (e.g. Cacak,
699mm), but only ±1.8% at Klein-Altendorf (605mm) with a slight shift to more winter rainfall.
Regression analysis showed an increase in mean temperature of 1.7 °C (annual) and 1.45°C for the vegetation period at
Klein-Altendorf (last 55 years), Germany. In the evaluated Balkan stations, the greatest increase in annual air temperature
between two climate phases (until 1987 versus from 1988 until now) was at Ljubljana (1.4 °C) and Cacak (1.2 °C) in
contrast to the least increase (0.3 °C) at Tuzla (annual average 10°C) and an intermediate value (0.9 °C) in the warmer
Mostar (annual average 14.5°C).
This recent temperature increase advanced flower opening by 10–14 days for apple such as cv. ‘Golden Delicious’ at Cacak
and 7–10 days (last 55 years) at Bonn and 4–5 days (last 35 years) for the early cherry cv. ‘Burlat’ at Klein-Altendorf/Bonn;
at Mostar and Tuzla, the effect of climate change was greater with the early cherry cv. ‘Burlat’ (26 days) compared with
the difference of the late cherry cultivar (16 days). Before recent climate change (1973–1987), cherry flower was advanced
by 10 days in the warmer med climate at Mostar but delayed by 16 days in the cooler Tuzla. The results, i. e. the flower
advancement in the Continental climate but flower delay in the med climate, are discussed with respect to the risk of late
frost and countermeasures to combat climate change effects.
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Vergleich der Klimawandelwirkungen in den Balkanstaaten und in Klein-Altendorf/Bonn auf die
Phänologie von Apfel und Kirsche

Zusammenfassung
Ziel der vorliegenden Untersuchung im Rahmen der Zusammenarbeit zwischen den Universitäten Bonn und Sarajewo im
Bereich Gartenbauwissenschaft war ein Vergleich der Klimawandelwirkungen (wärmere Winter) auf die Blühphänologie
von Apfel und Kirsche an 5 ausgewählten Standorten auf dem Balkan in Slowenien, Serbien, Bosnien & Herzegovina
(B & H) sowie in Klein-Altendorf.
Phänologische Aufzeichnungen des Blühbeginn (F1, BBCH 61) der Apfelsorte ‘Golden Delicious’ über 55 Jahre stammten
aus Cacak (44°N, Serbien) und Klein-Altendorf (50°N) und der Apfelsorte ‘Bobovec’ aus Ljubljana (46°N, Slowenien)
sowie der frühen Kirschsorte ‘Burlat’ über 35 Jahre aus Klein-Altendorf und 20–30 Jahre aus Tuzla (44°N, B & H) und
Mostar (43°N, B & H).
Die jährliche Regenmenge veränderte sich über die letzten 55 Jahre kaum, ca. ±5% in den Obstbaugebieten der Balkan-
staaten (z.B., Cacak 699mm) und ±1,8% in Klein-Altendorf (605mm).
Die Auswertung der Wetterdaten der letzten 55 Jahre in Klein-Altendorf zeigte zwei Phasen, eine vor dem Klimawandel
bis ca. 1987 und eine ab 1988 mit Klimawandel mit einem Anstieg der Jahresdurchschnittstemperatur von 1,7°C bzw.
1,45°C in der Vegetationsperiode im Vergleich zu den Balkanstaaten mit einem Anstieg der Jahresdurchschnittstemperatur
von 1,4°C in Ljubljana, 1,2 °C in Cacak, 0,9 °C im Mittelmeerklima von Mostar und 0,3°C in Tuzla.
Dieser Temperaturanstieg verfrühte die Apfelblüte von ‘Golden Delicious’ in den letzten 55 Jahren um 10–14 Tage in Cacak
(Serbien) und um 7–10 Tage in Bonn sowie die Kirschblüte der frühen Sorte ‘Burlat’ um 4–5 Tage (letzte 35 Jahre) in Bonn,
wohingegen ältere Aufzeichnungen (1973–1987) eine Blühverfrühung der frühen Sorte um 10 Tage im Mittelmeerklima von
Mostar aber Blühverzögerung um 16 Tage im kühleren Tuzla zeigten und die frühe Kirschsorte stärker vom Klimawandel
betroffen war als späte Kirschsorten. Die Ergebnisse, d.h. Blühverfrühung in kontinentalem, aber Blühverzögerung in Mit-
telmeerklima, werden im Hinblick auf die Spätfrostgefahr in der jeweiligen Anbauregion und möglichen Gegenmaßnahmen
diskutiert.

Schlüsselwörter Apfel (Malus domestica L.) · Balkanstaaten · Blühzeitpunkt · Burlat · Erderwärmung · Klimawandel ·
Kirsche (Prunus avium L.) · Phänologie

Introduction

Perennial fruit crops are an ideal candidate to study the
effects of climate change due to their longevity (Kunz
and Blanke 2011). Prerequisites for these studies include
weather and phenology data of the same cultivar at the
same site for many years and the same phenology scale
(Bergamaschi et al. 2008; Legave et al. 2013).

The former Yugoslavia was a major fruit growing region
with long-standing stone fruit breeding in Cacak and pome
fruit growing and stone fruit export e.g. of plums to Ger-
many, CSSR and Russia. Today, in their new states, there
is concern about the effect of climate change on agriculture
and in particular, perennial horticultural fruit crops (Blanke
and Kunz 2011) and first models were developed on the ef-
fect of climate change in agriculture (Kurtović et al. 2012;
Knezević 2013).

Climate change effects are often examined specifically at
one site with a long history of continuous data such as Bonn
to study the local effects (Kunz and Blanke 2016; Kauf-
mann and Blanke 2017). Hence, the objective of the joint
project between the two universities of Bonn and Sarajevo
was to study the effect of climate change associated with

warmer spring temperatures on pome/stone fruit phenology,
using apple as pome and cherry as stone fruit representative/
model fruit and relate the findings to the inherent climate
and risk of a late frost. Therefore, five sites with temper-
ate climate were chosen with i) a mild maritime influence
and predominantly Atlantic Westerly winds buffered by the
river Rhine (Bonn-Meckenheim) versus ii) a temperate con-
tinental climate (Ljubljana—Slovenia), iii) a Continental
climate (Tuzla—Bosnia and Herzegovina) and iv) a Sub-
Mediterranean climate (Mostar—B & H) and v) temperate
Continental climate at Cacak (Serbia).

Material andMethods

Fruit Crop Phenology

Phenological data of flower opening (F1—Baggiolini 1952;
BBCH 61—Meier 1994) were obtained from fully grown
bearing apple trees as described before (Blanke and Kunz
2009). For apple cv. ‘Golden Delicious’, 55 years of data
originated from 1958 until present from Klein-Altendorf
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Fig. 1 Blossom of a cherry tree on Gisela 5 near Sarajewo (a), blossom of cv. ‘Burlat’ near Mostar (b) and cv. ‘Hrušt’ near Mostar (c)

(50.5 °N) and from 1962 in Cacak/Serbia (44°N) and for
apple cv. ‘Bobovec’ 1952–1999 from Ljubljana (Slovenia).

For cherry cv. ‘Burlat’, phenological data of flower open-
ing (F1) from 1972 came from Klein-Altendorf (50.5°N)
and from 1967–2007 in Mostar (43°N) (Fig. 1), and late
cherry cv. ‘Hrušt’ from 1973–2006 in Tuzla (Table 1). Phe-
nological records and weather data were correlated using
linear curve fitting.

Locations and Their Microclimate

The concomitant weather records at Klein-Altendorf, Tu-
zla, Cacak and Mostar (Fig. 2; Table 1) included minimum,
maximum and average air temperature in 2m height accord-
ing to international weather standards and precipitation over

Table 1 Locations for the climate change comparison

Climate Continental Med

Station Klein-Altendorf Tuzla Cacak Ljubljana Mostar

Climate

Latitude 50.5°N 44°N 44°N 46°N 43.3°N

Ann.Temp. 9.5°C 10.7°C 11.4°C 11.1°C 15.4°C

Altitude 180m 305m 294m 298m 48m

Climate Temperate Continental
with westerly Atlantic
winds, Rhine river

Continental Temperate Conti-
nental

Temperate Continen-
tal

Sub-Mediterranean

Phenology
Apple and cherry
data

Apple
‘Golden Delicious’ since
1958

Cherry
‘Burlat’
1973–1984
‘Hrust’
1971–1979

Apple
‘Golden
Delicious’ since
1962

Apple
‘Bobovec’ 1952–1999

Cherry
‘Burlat’
1973–2007
‘Hrust’
1972–2007

Cherry
‘Burlat’ since 1978

the same 55 year period, measured in 1m height in a rain
gauge after Professor Hellmann.

Results

Climate Change Effects on LocalWeather Pattern

Five sites were chosen with a temperate climate with a mild
maritime influence and predominantly Atlantic Westerly
winds buffered by the river Rhine (Bonn-Meckenheim) ver-
sus a temperate continental climate (Ljubljana, Slovenia),
or Continental climate (Tuzla—Bosnia and Herzegovina,
B & H), temperate Continental climate in Cacak (Serbia)
and med climate in Mostar (B & H).
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Fig. 2 Location of the four
selected sites in former Yu-
goslavia, Ljubljana in Slovenia,
Cacak in Serbia and Mostar
and Tuzla in B & H and Bonn/
Germany

Fig. 3 The air temperature
differences at 2m height in
phase I (1961–1987) and in
phase II (1988–2012) at Tuzla,
Mostar, Cacak and Ljubljana
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The climate of Bosnia and Herzegovina is strongly influ-
enced by its geographical location (44°N) or local terrain
topography; the Dinara Mountains have the most significant
influence as well as the Adriatic Sea (Kurtović et al. 2012).
In Bosnia and Herzegovina, the climate varies from tem-
perate Continental climate in the Northern part along the
Sava River, across the Alpine climate in the mountainous
regions to the Mediterranean climate in the coastal areas of
Herzegovina in the South and southeast of the country.

Temperature Rise in Tuzla and Klein-
Altendorf—Differentiation of two Distinct Climate
Phases

In the last 100 years (1911–2011), the average air temper-
ature throughout all climate regions of Bosnia and Herze-
govina has increased by 0.8°C in accordance with global
trends, with a tendency of acceleration in the last decade
2000–2011, which was the warmest decade in the last 120
years (Hodzic et al. 2013). The quantity of precipitation
depending on the specific area of Bosnia and Herzegov-
ina shows minimal changes in the previous 100 years of
maximum ±5%. But in the central mountain band, there is
a trend of precipitation increase, while in South West area
of Bosnia and Herzegovina there is a decrease (Hodzic et al.
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Fig. 4 Temperature differences in phase I (1956–1987) and in phase II (1988–2015) relative to the long-term, 60-year average temperature of
9.5°C at Klein-Altendorf (2m height). The vertical dotted line shows the deflection point or year before and after climate change

Fig. 5 Flowering (F1,
BBCH 61) of apple cv. ‘Golden
Delicious’ in Klein-Altendorf/
Bonn (50.5°N, Germany) and
Cacak (44°N, Serbia) between
1958 and 2009
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2013). Overall, variability in the weather pattern increased
in all seasons including rapid changes of short periods (five
to ten days) of extreme hot and cold weather conditions,
drought and extremely high levels of precipitation (Cus-
tovic et al. 2013).

Fig. 3 shows the air temperature differences at 2m height
between phase I (1961–1987) and phase II (1988–2012) at
Tuzla, Mostar, Cacak and Ljubljana. Over the last 52 years,
the annual average of the air temperature at Tuzla, increased

from 10°C in phase I to 10.7°C in phase II. The annual av-
erage air temperature in phase II compared with phase I
at Mostar increased from 14.5 to 15.4°C. In Ljubljana the
annual average air temperature increased from 9.7°C in
phase I to 11.1°C in phase II. This increase at Cacak was
from 10.4°C in the first phase to 11.6°C in the second
phase. The greatest increase in air temperature was regis-
tered at Ljubljana (1.4 °C) and Cacak (1.2 °C), whereas Tu-
zla experienced the least increase in air temperature (0.3 °C)
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Fig. 6 Flowering (F1,
BBCH 61) of apple cv.
‘Bobovec’ in Ljubljana (46°N)
and apple cv. ‘Golden Delicious’
in Cacak (44°N) between 1961
and 1999
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with an intermediate value (0.9 °C) for the warm med cli-
mate at Mostar.

Over the last 60 years, the annual average of the air
temperature measured in 2m height at Klein-Altendorf, in-
creased from 8.6°C in 1956 to 10.3°C in 2015, using end-
points from linear curve fitting (Fig. 4). This is equivalent to
an increase in air temperature of 1.7 °C over the last 60 years
observations and yearly averages. In the vegetation period
(1 April–31 October), the average yearly temperature in-
creased similarly from 13.7°C in 1956 to 15.2°C in 2015
over the last 60 years at Klein-Altendorf, i. e. by 1.45°C.
Our calculated 1.7 and 1.45°C temperature rise for the last
60 years (1956–2015) for the annual and vegetation period,
respectively in Klein-Altendorf resembles that of 1.40°C
for the whole of Germany from 1955–2000 (Chmielewski
et al. 2007, 2011).

Data analysis and correlation over the last 55 years
showed two distinct climate phases in Klein-Altendorf, an
earlier 32 year period (1958–1987) with a temperature of
–0.5°C below the long-term, 55-year average of 9.5 °C,
followed by a ca. 28 year period of a + 0.6°C temperature
rise (1988 to 2015) (Fig. 4).

A comparison between phase I (1956–1987) with
phase II (1988–2015) showed the largest monthly temper-
ature increase in January, February and August with nearly
+1.6°C each, followed by March, April, May and July with
1.3–1.4°C; smaller temperature rises were observed in the
autumn and winter months from September–December
(result not shown). The warmer winter and spring months
January–April at Klein-Altendorf are responsible for the
earlier bloom, which in turn explains the earlier fruit har-
vest.

Climate Change Effects on Pome Fruit Phenology

The flower advancement of up to 10 days for apple cv.
‘Golden Delicious’ observed at Bonn is similar or slightly
less than the 10–14 days in Cacak, where an early warm pe-
riod with early flowering dates in 1971–1979 was followed
by a gap of records before date records resumed (Fig. 5).

Apple cv. ‘Bobovec’ from Ljubljana in phase I (Fig. 6)
flowered 5 days earlier than ‘Golden Delicious’ apple from
Bonn (Table 2). Comparison of the phenology data of cv.
‘Bobovec’ in phase I of Ljubljana with phenology data
of cv. ‘Golden Delicious’ from Cacak in the same years
showed a great difference of 13 days, which is considerably

Table 2 Advancement of the apple cv. ‘Golden Delicious’ flowering
over 50 years at Klein-Altendorf (Blanke and Kunz 2011), calculated
by comparing the flow-ering dates in the 20 years 1988–2007 versus
the previous 30 years (1958–1987)

Period F1 Apple flowering
as calendar dates

F1 Apple flowering
in Julian days

1958–1987 6 May 125 (Julian days)

1988–2007 27 April 116 (Julian days)

Days earlier
flowering

10 days 10 days

Table 3 Advancement in cv. ‘Burlat’ cherry flowering over the last
35 years at Klein-Altendorf, expressed as a comparison of the period
1978–1995 versus the period 2002–2015

Period F1 Cherry flowering
expressed as calendar
date

F1 Cherry flowering,
expressed as Julian
days

1978–1995 19 April 109.0 (Julian days)

2002–2015 14 April 104.5

Days earlier
flowering

5 days 4–5 days
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greater than the difference observed between Ljubljana and
Bonn.

In the phase II, the difference in flowering between cv.
‘Bobovec’ from Ljubljana (Fig. 6) and cv. ‘Golden Deli-
cious’ from Bonn (Table 2) was two days. A comparison of
the phenology data of cv. ‘Bobovec’ in phase II with phe-
nology data of cv. ‘Golden Delicious’ from Cacak in the
same years showed a difference of 7 days (Fig. 6). Overall,
these results indicate that in the second period decreased
differences between observed apple cultivars related to the
flowering stage F1.

Climate Change Effects on Stone Fruit Phenology
and Cherry Flowering

Fig. 7 shows a comparison of cherry cv. ‘Burlat’ flower-
ing at two locations in Bosnia & Herzegovina, starting with
the earlier flowering in the sub-Mediterranean climate of
Mostar, followed by later flowering in the continental cli-

Fig. 7 F1 stage (flower open-
ing) of early flowering cherry
(‘Burlat’) at two locations in
B & H with contrasting micro-
climate
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Fig. 8 F1 stage of late flowering
cherry cultivars at two locations
of B & H with contrasting
climate
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mate of Tuzla. In these two locations, flowers of cv. ‘Burlat’
opened on average after 104 Julian days; a 10 days ear-
lier flowering was observed in recent years at Mostar. This
flowering difference of 26 days between these stations with
contrasting climate is consistent with the differences in air
temperature between these two stations from 1961 to 1987
(average air temperature in Tuzla was 10°C, but 14.5°C in
Mostar).

Fig. 8 shows a comparison of a late flowering cherry cv.
at two locations in Bosnia & Herzegovina, starting with an
earlier flowering in the med climate of Mostar, followed
by later flowering in the continental climate of Tuzla. In
these two locations, average flowering of the late cherry
cultivar was 100 Julian days. Up to 1988, the flowering
at the warmer Mostar was 10 days earlier, whereas it was
6 days later at the cooler Tuzla (Fig. 8), resulting in 16 days
difference between the two sites, which is consistent with
the temperatures at these two stations from 1961 to 1987
(Fig. 3).
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Fig. 9 Phenogramm of cherry flowering in Mostar. (Adapted from Aliman and Drkenda 2009)

Fig. 10 Flowering date (F1) of
cherry cv. ‘Burlat’ at Klein-Al-
tendorf (50°N) since 1978
with linear curve fitting with
a six-year-gap when records are
missing
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Regarding the data presented in Figs. 7 and 8, it could be
concluded that the flowering difference between these two
stations with contrasting climate or effect of climate change
was greater with the early cherry cv. ‘Burlat’ (26 days)
compared with the difference of the late cherry cultivar
(16 days); these differences relate to the overall average
flowering dates at Mostar and Tuzla.

Fig. 9 shows the phenology data of four cherry cultivars
for Mostar. The autochtonous cherry cv. ‘Alica’ flowered
first in both years (2006 and 2007) and cv. ‘Hrust’ last.
A comparison between the two years showed that the date
of flowering started earlier in 2007 than in year 2006 in
all four cherry cultivars. While the greatest difference in

flowering of 16 days between two years was in cv. ‘Al-
ica’, the smallest difference of 6 days was obtained for
cv. ‘Hrust’ suggesting differences in temperature. Aliman
and Drkenda (2009) reported that the year 2007 was 1.3°C
warmer compared to the long-term average and 2006 was
0.4°C warmer. The greatest difference of average monthly
temperature in 2006 compared with the long-term average
appeared in April, which was 1.9°C colder, while in 2007,
April was 4°C warmer (Aliman and Drkenda 2009).

Flowering dates of cv. ‘Burlat’ in the earlier years
(1978–1995) was compared to the later years (2002–2015)
at Klein-Altendorf (Fig. 10). An earlier flowering of
4–5 days in recent years was observed despite a short
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Table 4 Critical frost temperatures of cherry

Critical temperature
(°C)

Phenology stage BBCH stage

–3.5 Flower bud swelling 52

–2.5 Bud burst 53

–2.0 Flowering 65

–1.5 End of flowering 69

6 year intermediate data gap between 1996–2001 at the
beginning of climate change (Table 3). This flower ad-
vancement is less than the 10 days observed at the same
site in apple cv. ‘Golden Delicious’ and others, when
comparing the last 20 years with the previous 30 years
(Table 2).

Risk of Frost Remains

The early flowering stages from pink bud (BBCH 57, stage
E1, 620DD) to the balloon stage (BBCH 59, stage E2,
720DD) are less frost-sensitive in apple (Westwood 1999)
and similarly in cherry (Table 4). In the last 20 years,
the flowering stage affected by spring frost shifted to-
wards flower opening in apple due to climate change,
because these later flowering stages from flower opening
(BBCH 61–67, stage 9, 760DD) are more frost-sensitive
than the earlier stages (Westwood 1999) despite a remain-
ing incidence of frost damage in the last 20 years (phase II)
in Klein-Altendorf. Minimum temperatures in March and
May over the last 20 years increased, but with a slight
decrease in April. Hence, the risk of frost damage in April
in the Meckenheim fruit growing area coincides with the
flowering date now and remains, as shown on 19–20 April
2017.

Conclusions

A comparison of 60 years of weather records (and 30 years
of cherry) phenology data at Klein-Altendorf and those in
Tuzla (B & H) and Cacak (Serbia) showed:

1. the climate had changed in 1987/88 in Klein-Altendorf
with two distinct climate phases, i. e. no change in phase I
(1956–1987), but the temperature rise starting in 1988
(phase II)

2. the temperature rise in Klein-Altendorf of 1.7 and 1.45°C
in the vegetation period over 60 years is greater than in
many other parts of Europe such as Sarajevo with 0.8°C
(120 years)

3. Both locations, Klein-Altendorf/Bonn and B&H showed
a negligible change in annual precipitation over the last

60 years with ±5% in the Balkan states (Cacak—699mm;
Sarajevo—943mm) and only ±1.8% at Bonn (605mm).

4. the more severe rise in winter and spring (January to
May) temperatures leads to earlier flowering, which co-
incides with the time of spring frost resulting in a remain-
ing risk of frost damage to cherry flowers

5. an earlier flowering in ‘Golden Delicious’ by up to
10 days (last 55 years) in Bonn and 10–14 days at Cacak
compared with 4–5 days in cv. ‘Burlat’ (last 35 years)
at Bonn, but a flowering delay in the med climate of
Mostar.

6. Cacak experienced an early regional climate change in
1971–1979 commensurate to the present climate change

The comparison between Bonn, Tuzla and Cacak showed
the range of 4–14 days flower advancement (or delay in
Mostar) throughout Europe and the relevance for future
apple and cherry flower phenology monitoring.
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