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Agroclimatic conditions of existence of almond trees in Plovdiv region during the winter 
period

1 2D. Ivanova *, N. Shopova

1Department of Botany and Agrometeorology, Faculty of Agronomy, Agricultural University, 12 Mendeleev, 4000 Plovdiv, Bulgaria
2National Institute of Meteorology and Hydrology, 139 Russki, 4000 Plovdiv, Bulgaria

Abstract. The great interest toward the almond tree is due to the high value of the almond kernel as nutritional, dietetic, healing and technical raw material. The 
species is a plant of warm and mild climate with marked love for light. It develops in its best way in regions with short winters without big temperature fluctuation, 
early and sunny springs – without crucial frosts and with a lot of precipitations, and prolonged summers. During the period when the almond is in the state of rest 
and at an absolute minimum of the air temperatures up to minus 27.5°С in 1993 damages of the yearly growth up to 96 % were established under the form of 
decayed blossoms ovaries (Ivanova, 2002). The frequent warmings speed up the physiological processes and the subsequent spells of cold weather damage 
the generative organs – fruit-bearing buds and blossoms. The agro-climatic method for defining the conditions for winter survival is based on the accumulation 
of a certain active temperature sum exceeding the biological minimum needed for each stage of the development of an almond tree. The change in the active 
temperature sum depends on the temperature course, on the extreme values, on the duration of sun shine, as well as on the continental characteristic of the 
climate and on the mode of precipitations. The papers described here were conducted in the period 2000–2011 and aimed at tracing the influence of some 
basic meteorological elements (temperature, humidity, precipitations) during the autumn-winter period of the almond development in Plovdiv region. In relation 
to the scientifically justified division into regions for these plant species in Bulgaria it is necessary to clarify the role of one of the basic factors in their 
development – air temperature under the conditions of changing winter climatic parameters.
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resistance against low temperatures in winter. The more organic Introduction
substances have been accumulated during the period of vegetation 
in the almond trees as a reserve in their tissues, the more resistant The interest in nut crops has grown significantly over the past 
they become against the low winter temperatures. The relative rest years. According to the data given by the Ministry of Agriculture and 
starts with the completion of the process of acclimation of the almond Food the areas with almonds in Bulgaria in the first decade of the 
trees for enduring low temperatures and it continues up to the 21st century were between 2474 and 3513 hectares. Only about 965 
beginning of the opposite process (warming up) after the end of the hectares from their total amount are not taken care of, and only 48 
winter frosts. The almond, as well as the other fruit trees typical for a hectares are young trees. The almond plantations in our country are 
mild climate, needs low temperatures in order to enter the state of concentrated in the Black-Sea region (Bourgas, Varna, Dobrich), in 
deep (obligatory) rest, which is the shortest for this fruit varieties. The Western Rhodopes Mountain and Sakar (Kirdjali, Haskovo, Yambol) 
state of rest is a useful biological phenomenon, which is due to and parts of the Sredna Gora region (Stara Zagora, Sliven). The 
evolution, and in which all vital processes are reduced to minimum in successful creation of economically profitable plantations is directly 
order to have the unfavorable climatic conditions overcome. The related to the agro-climatic conditions in the country. The cycle of the 
duration of the natural (deep) rest, which is short and unstable, is almond fruit-giving, as well the fruit-giving by all other fruit trees, is a 
defined by the hereditarily justified requirements of the almond sorts rather complex biological phenomenon, starting with the 
related to the low temperature in winter. differentiation of the fruit-bearing buds and going through a number 

The researches show that the air temperature in winter has of interstitial stages up to the moment of harvesting (Vassilev, 1971; 
increased here in Bulgaria over the past years (Kazandjiev et al., Nedev, 1983). In contrast to the buds of the evergreen plants (citrus, 
2009). This leads to an early start of the stable transitions in the air olives etc.) differentiating in the same year, the buds of the fruit trees, 
temperature, which are a basic parameter of the phenologic including the ones of the leaf-falling plants such as almond, 
development of all plants (Kazandjiev et al., 2009, 2008; Georgieva differentiate in the summer and autumn of the year, preceding the 
et al., 2008). The aim of our research is to study the influence of the year of blossoming and fruit yield (Mitov et al., 1996). The period of 
agro-climatic conditions in Plovdiv region over the almond survival in transition from vegetation to relative rest starts from the pheno-
winter, taking into account the climatic changes in the first decade of phase of large scale leaf-falling and continues to the completion of 

stthe 21  century. the process of acclimation of the almond varieties for enduring low 
temperatures in winter. This period is relatively short and it usually 
lasts about 3–4 weeks after the leaf-falling (Mitov et al., 1996). 
Biochemical changes occur in the cells, which determine the Material and methods
acclimation of the almond varieties for enduring low temperatures. 
The changes in the buds of the almond plants increase their 

The almond has low resistance to frost, which necessitates it to 
* e-mail: dafi_Ivanovа@yahoo.com
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thbe grown in regions with transition-continental and mostly 2010, when its beginning occurred on the 15  of October, and the 
thMediterranean climate. The winters here are not stable, and they are large-scale one – on the 25  of October at average daily 

characterized by frequent warmings, which could cause the temperatures of 7.5°С and 10.1°С, maximum temperature 16.8°С 
development of the fruit-bearing buds during the period of winter and 16.0°С, minimum temperature minus 0.5°С. It was the latest in 

threst. The research has been carried out in Plovdiv region, which, 2009 – its beginning was on the 5  of November, while the large 
thpertains to the Transition-continental climatic sub-region of East scale falling was on the 15  of November, at an average temperature 

Central Bulgaria. This sub-region is characterized by relatively mild of 8.9°С, maximum temperature 13.0°С and minimum temperature 
winters with small amount of snow and insignificant difference minus 1.0°С (Table 1).
between the summer and winter precipitations. The summers are The large scale autumn coloring of the almond leaves, as well 
hot with high absolute maximum temperatures and summer as their large scale falling was normally observed in the last decade 

th stminimum of precipitations shifted to August or September. The of October up to the 20 , 21  of November during the experimental 
region is moderately hot with a temperature sum over 10°C between period (Table 1). The almond is a more heat-loving culture with a 
4100°C and 3700°C and very dry with a negative balance of short period of relative rest. The dynamics of the basic climatic 
humidity between minus 300 and minus 400 mm (Hershkovich, parameter for description of severity of winter has been observed: 
1984). All these characteristics outline the climate of this sub-region the availability of the absolute minimum of the air temperature. 
as transient between the Moderately-continental in North Bulgaria During the first ten years of the present century the absolute 
and the milder climate of the Continental Mediterranean area. The minimum temperature in the winter months December, January and 
data about the phenological development of “Markovo11” almond February had values, which were higher than the climatic norms for 
variety for the period 2000–2011 were used as material for carrying the region (Figure 1). An exception was observed in December 2002 
out this research. The data have been analyzed for beginning when the temperatures fell down to minus 22.1°С, which is lower 
(10%–20% and dominant (60–80%) of the phases “leaf falling, than the climatic norm for the region of minus 19.4°С (Figure 1а). 
“obligatory rest” and “buds shooting”. The pheno-phases have been January is considerably warmer with absolute minimum 
compared to values of the air temperature for the same period in temperatures over minus 20.0 °С while the climatic norm is minus 
Plovdiv region, measured within the climatic deadlines according to 31.5 °С (Figure 1b). During the years of the experiment the minimal 
the local time at a height of 2 m above the ground and in accordance temperatures for February were considerably higher than the 
with the requirements of WMO (World Meteorological Organization). climatic norm, which is minus 29.1°С (Figure 1с). According to 
Proceeding from the biological peculiarities of the almond tree Evreinoff the almond is a fruit variety with big ecological plasticity. 
during the period of the experiment, the basic methods for defining When it is in the state of rest, its fruit-bearing buds are damaged at 
the agro-climatic parameters – the absolute minimum temperature minimum air temperatures of minus 25.0 °С and lower. The stem and 
and the average from the absolute minimum temperatures – have the branches of the crown, including the yearly growth are damaged 
been applied. under the influence of absolute minimum temperature below minus 

27.0°С (Rihter, 1972). The changing climatic conditions at the end of 
th stthe 20  century and the beginning of the 21  with a stable tendency 

toward increase in the winter minimum temperatures in Plovdiv 
Results and discussion region favorably influence the passage of the deep rest for the 

almond trees. Considerably higher temperatures than the climatic 
stDuring the first decade of the 21  century the autumn coloring of norm are observed in the winter months, and they exceed the critical 

the leaves was established to be the earliest in the years 2005 and for the almond plants minus 25.0°С in all years of the experiment. 

Table 1. Fenological developement 

Pheno-phases (%) and temperature, °С

Years/
days

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

23.10

25.10

18.10

05.11

15.10

02.11

25.10

08.10

05.11

15.10

08.11

30.10

05.11

18.11

20.10

05.11

08.11

14.11

15.11

25.10

8.7

5.5

11.6

5.7

7.5

6.5

6.8

4.8

8.9

10.1

17.5

16.0

17.0

13.0

16.8

11.2

12.2

8.5

13.0

16.0

3.8

-0.5

10.0

-2.0

-0.5

-1.0

1.4

-1.5

-1.0

-0.5

28.10

26.10

25.10

10.11

23.10

18.11

29.10

10.11

07.11

18.10

10.11

04.11

05.11

21.11

06.11

05.12

10.11

14.11

20.11

27.10

11.5

9.2

11.6

7.9

5.8

12.9

5.1

4.8

8.7

5.5

21.4

11.5

17.0

7.6

16.2

21.6

7.5

8.5

21.5

14.8

06.12

09.12

19.12

08.12

18.12

26.12

14.12

24.12

12.12

11.12

26

35

44

17

42

21

34

40

22

18

09.02

08.02

10.03

24.02

13.03

25.02

12.01

23.02

22.01

18.02

15.02

14.02

17.03

26.02

20.03

02.03

19.01

27.02

30.11

01.03

Autumn coloring

10-20% 10-20% 10-20%10-20%60-80% 60-80% 60-80%Mean MeanMax. Max.Min.

0.4

6.5

10.0

-0.4

-2.0

0.9

2.8

-1.5

2.6

-2.6

Min. Duration

Temperature, °С Leaffalling Temperature, °С Winter rest Shoot (buds)
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th thof deep rest in December (11  to 13 ) when there are low 
temperatures for its acclimation, and this rest is a very short one – 
from 3 to 4 weeks. Immediately after the almond trees come out of 
their deep rest, they continue being in a state of forced rest up to the 
moment when the fruit-bearing buds swell, and their resistance 
against low temperatures decreases. Values under the usual ones 
were only registered in December 2002, though they amounted to no 
more than 10% of the analyzed winter periods. At the same time, the 
observed decrease in the temperatures after the leaf-falling pheno-
phase favors the transition of the species into its state of rest. There 
are no critical for the almond winter temperatures observed and no 
damages from freezing during the period of rest both in the wood and 
in the fruit-bearing buds. 

Conclusions

The change in the climatic conditions, which can be seen in the 
warmer winters with absolute minimum monthly temperatures 
higher than the climatic norm, favorably influences the way in which 
the fruit trees in Plovdiv region survive in winter. If the tendencies in 
the climatic change stabilize, better conditions for growing a bigger 
number of varieties, having Mediterranean character, will be 
available. The almond is a species characterized by an 
extraordinary resistance against drought, as well as by valuable 
properties and, in addition, it starts its period of fruit-giving very early. 
It is expected that the number of almond plantations in Bulgaria will 
gradually grow in the future. Together with the climate warming 
during the winter period it can be said that the Plovdiv region has a 
potential for growing almond trees, especially in the areas around 
the Rhodopes, where the orographic conditions are a prerequisite 
for higher average, minimum and maximum air temperatures.
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almond enters its state of deep rest varies widely in the years, being 
between 24 and 53 days depending on the meteorological 
conditions in November and December. The almond enters its state 
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