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Abstract       Plant phenology is one of the most sensitive and easy to 
observe features that are changing in response to climate changes, and is 
considered the ideal way to demonstrate the effects of global warming on the 
living world. Based on phenological observations, the influence of annual 
meteorological elements was analyzed on spring phenophases in peach trees 
grown in Craiova, Oltenia region. Analysis of data obtained showed that 
flowering time duration in peach is a feature which is influenced by climatic 
factor and genetic factors. The influence of meteorological factor is 
manifested in different years, thus causing - in the same cultivar- different 
time durations between the beginning and the end of flowering. It was found 
that in the years with early spring season and high temperatures, vegetation 
phenological phases have developed much earlier than in normal years. 
Study of phenology in correlation with ecological factors can be used in 
horticulture for making decisions on composition of cultivars able to adapt to 
current climate changes, to escape climate accidents, that are common in 
some areas and sometimes leading to loss of harvest.   
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Terrestrial ecosystems provide a consistent picture of 

observed climatic changes. Climate change puts added 

pressure on ecosystems and species that are already 

vulnerable due to the cumulative effects of human 

activity over the centuries. Climate change impacts on 

them are quite difficult to assess because most species 

have fairly strict preferences regarding living 

environment (a certain range of temperature and 

rainfall). In general, climate change impacts crop 

production in various and complex ways at different 

levels, different scales and depending on local natural 

crop growing limitations (17, 7). Analysis of long-term 

climate change and their biological effect, showed that 

they affect physiology of species (8, 9, 18, 19), 

phenology of organisms (3, 10, 11,12), composition 

and dynamics of biocenosis (23), distribution of 

species etc. Climate change has already triggered 

species distribution shifts in many parts of the world 

(32). Chuine et al. (4) account that the onset of the 

growing season of trees has been globally earlier by 2.3 

days/decade during the last 50 years because of global 

warming and this trend is predicted to continue 

according to climate forecast. One of the preferred 

indicators to monitor climate change is phenology, the 

science of natural recurring events, as their recorded 

dates provide a high-temporal resolution of ongoing 

changes (22). On phenology, Sparks et al. (30) 

presented phenology as the ideal way to demonstrate 

the effects of global warming on the living world. The 

impact of climate change on the advancement of plants 

phenological events has been heavily studied in the last 

decade. Partanen et al. (24) account that global climate 

change could significantly alter plant phenology; this is 

because temperature is influencing the timing of 

development, both alone and through interactions with 

other cues, such as photoperiod. Chuine et al. (4) 

believe that increasing phenological changes in 

temperate woody species have strong impacts on forest 

trees distribution and productivity, as well as crop 

cultivation in areas considered. In Germany 

phenological phases of natural vegetation as well as 

fruit trees and field crops have advanced clearly in the 

last decade of the 20
th

 century (3). It was found that in 

the years with early spring season and high 

temperatures, vegetation phenological phases have 

developed much earlier than in normal years (6, 7, 10, 

11, 12). Pope et al. (25) suggest that many species 

which have exhibited earlier bud break are responding 

to warmer spring temperatures, but they may shift into 

responding more to winter temperatures (lack of 

adequate chilling) as warming continues. Results made 

by Crepinsek et al. (13) demonstrate that increased air 

temperature during recent years is already significantly 

influencing hazelnut spring phenological events, with 

implications on hazelnut production and public health. 

Climate change has potential to alter phenological 

synchrony between interacting mutualists, such as 

plants and their pollinators. Bartomeus et al. (1) 
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confirms that high biodiversity levels can ensure plant-

pollinator phenological synchrony and thus pollination 

function. The first leaf date, leaf coloring date and first 

flower date are revealed as strong biological signals of 

climatic change by Dai et al. (14). In the context of 

climate change, flowering phenology of tree species is 

crucial as it may affect their productivity (16).  

 The objective of this study is to analyze stability 

of flowering dates from year to year in peach cultivars 

cultivated in Southern Oltenia (Craiova, Romania) 

during the 2010-2013 period. The practical objective 

shall be to provide information on genetic basis of 

these traits and facilitate the selection of cultivars 

adapted to climatic conditions of a specific region.  

 

Material and Methods 

 
The area studied  

 The studied area of Craiova town is located in the 

southwestern part of Romania, in Oltenia region 

(44
o
20'0"N, 23

o
49'0"E). The climate is plain-

specifically temperate continental with Mediterranean 

influences due to depression position they occupy in 

the southwest region. The evolution of mean annual 

temperature and monthly average in 1961-2013 periods 

are presented in table 1. 

  

 

Table 1 

Evolution of mean annual temperature and monthly average in 1961-2013* 

 

Period 

The average monthly temperature (°C) The average 

temperature of 

the period 
I II III IV V VI VII VIII IX X XI XII 

1961-

1990 
-2.3 -0.1 4.8 11.2 16.5 19.9 21.9 21.3 17.3 11.2 5.1 0.1 10.6

o
C 

1961-

2004 
-1.9 0.4 5.1 11.3 16.7 20.3 22.3 21.8 17.3 11.3 5.1 -0.2 10.8

o
C 

1961-

2013 
-1.4 0 5.5 12.0 17.1 20.9 23.1 22.9 18.2 11.4 6.1 0 11.3

o
C 

*Source: www.rp5.ru; http://www.wunderground.com/ 

 

According to data shown in Table 1, the mean annual 

temperature in Craiova area varied from a period to 

another. If the mean of this parameter was 

approximately constant for the periods 1961-1990, 

1961-2004, during 1961-2013 the increase was 

significant, with 0.5
o
C above the mean of the previous 

period. The data used in this study were obtained from 

the websites http://www.wunderground.com/, 

www.rp5.ru and the Romanian National 

Meteorological Administration. According to the 

Report on the environment status in Romania (2011) 

published by the National Agency for Environmental 

Protection, in Dolj county (where Craiova is located) 

the increase of average annual temperature (°C) during 

period from 2001 to 2030 compared to the reference 

period 1961-1990, will be 0.92-0.93°C, and the 

difference in annual average rainfall (in %) between 

2001-2030 and standard climatological norm (1961-

1990) will be -2.9...-1.0% (http://www.anpm.ro/Mediu/ 

raport_privind_ starea_mediului_ in _romania-15). 

Phenological data  

 In this paper, phenological data were recorded in 

peach trees cultivars (Prunus persica L.), during period 

2010-2013. Calendar recording of phenological phases 

was made using the method developed by Gautier 1978 

(21). Observations were carried out every day in spring 

season.  

 

Results and Discussions 
 

Meteorological data 

 Analyzing climate data from the past 15 years 

(1999-2013) it showed an increasing trend in mean 

annual temperature, a straight linear model whose 

equation is y = 0.078 x 10.84 (Figure 1). During 1961-

2013 periods the temperature increased continuously, 

the trend is linear, and confidence interval is ±0.4°C. 

The variation limits for mean annual temperature was 

between 10.4
o
C (1999) and 12.4

o
C (2007 and 2012).

  

 

http://www.wunderground.com/
http://www.wunderground.com/
http://www.rp5.ru/
http://www.anpm.ro/Mediu/%20raport_privind_%20starea_
http://www.anpm.ro/Mediu/%20raport_privind_%20starea_
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Fig.1. Air temperature (annual average) during 1999-2013 

  

In recent periods (2007-2013) the average temperatures 

have risen steadily, ranging from 11.1
o
C (2011) to 

12.4
o
C (2007, 2012). Compared to the period 1999-

2007, the average annual temperature upper limit is 

maintained (12.4
o
C), but there is a lower limit increase 

from 10.4
o
C to 11.1

o
C. Differences between mean 

annual temperature for the period 1999-2013 and the 

period 1960-1990, the average annual temperature 

(10.6°C) ranged from -0.2°C to 1.8°C.  

According to Pravalia et. Al (26), the average annual 

temperatures, in period 1961-2009, stand at 12.2  °C in 

Drobeta Turnu Severin, 11.3 °C in Craiova and 11.9 °C 

in Turnu Magurele, while the average annual rainfall 

stand at 667.5 mm in Drobeta Turnu-Severin, 514.1 

mm in Craiova and 528.6 mm in Turnu Magurele. The 

most interesting feature of this period is the relatively 

strong air temperature change over the last 15 years 

(limits of variation for this parameter is between 10.4 

and 12.4°C; amplitude 2
o
C) from 1999-2005 (variation 

limits of this parameter is from 10.4 to 11.8
o
C, 

amplitude 1.4
o
C). In terms of monthly mean 

temperature and mean annual temperature for the 

calendar periods 1960-1990, 1961-2004 and 1961-

2013, there are significant differences for both monthly 

averages, and for the year. 

 Comparing the average monthly temperatures for 

the period 1961-1990 to the period 1961-2013, there 

was an increase of 0.1 (February) and 1.6 (August), 

while the average annual temperature growth is 0.7
o
C. 

In the last period, south, southeast and east of the 

country has increased scarcity of rainfall and increased 

intensity of pedological drought 

According to the Romanian National Meteorological 

Agency (NMA) in the territory with high risk of 

drought and desertification, the climate is hot and dry, 

with annual average temperatures exceeding 10°C and 

mean annual precipitation amount is between 350-

550mm, including during growing season (April to 

October) between 200-350mm. Based on these criteria, 

2008, 2011 and 2012 were years with high risk of 

drought in Craiova area, the amount is less than 350 

mm annual rainfall over period April-October and 

mean annual temperature of 11.9°C, 11.1°C, 12.4°C, 

respectively (Table 2). 

Table 2 

The mean annual temperature and annual rainfall in Craiova area 

Year Mean annual 

temperature (
o
C) 

Sum of annual 

rainfall (mm) 

Sum of rainfall (April- 

October; mm) 

2004 11.7 660.1 485.5 

2005 10.5 646.3 480.6 

2006 10.9 640.4 430.5 

2007 12.4 752.5 509.8 

2008 11.9 474.7 330.2 

2009 12.2 696 393.0 

2010 11.3 813 417.0 

2011 11.1 487.9 340.6 

2012 12.4 529.3 300.2 

2013 12.1 625.6 435.0 

Mean 11.65 635.28 412.24 
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For agriculture, the amounts of rainfall during growing 

season are important. Lack of rainfall in a given period 

can not be filled by rainfall surplus in another period. 

Figure 2 shows the variation of average monthly 

precipitation for the period 1999-2013. There are 

significant differences from one year to another. For 

this period, there are months when rainfall is missing 

or is very low and insignificant (April 2007, August 

2008, February 2004, October 2002, October 2003) or 

months with rainfall over the annual average of that 

month (August 2007; 148.6 mm). In correlation with 

literature on fruit tree species requirements in terms of 

rainfall, one can see that Craiova area is suitable to 

culture of species with low water requirements 

(minimum 500 mm annual rainfall: peach tree, apricot, 

almond) and also to species with average water 

requirements (minimum 600 mm annual rainfall: pear 

tree, walnut, cherry, sour cherry, summer cultivars of 

apple varieties). 

 Average rainfall of 700 mm or more, are 

exceptions (2007 year), that is why irrigation is 

required to fruit species culture with high water 

demands (quince, late apple cultivars, plum tree) and 

species with very high water demands (fruit shrubs). 

During growing season, there are phenophases in fruit 

tree farming that require a suitable humidity level. One 

of these is the growth period of shoots and/or fruits, 

when tree’s water requirements are higher. The period 

of intense growth of shoots and fruits is May-July.

 

 

 
Fig. 2. Variation of monthly mean rainfall (1999-2013) 

 

For the smooth running of these phenophases, the 

amount of rainfall during this period is observed. The 

analysis of average rainfall during May-July, over the 

last 15 years, shows a great variability from 5.6 mm to 

150.3 mm. Average rainfall for the month of May is 

53.8 mm, for June is 69.5 mm, and for July is 66.1 mm 

(Figure 3). 
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Fig. 3. Rainfall during months of May-July (1999-2013) 

 

 

Organogenesis and phenological data 

 In trees, like most perennial plants of temperate 

climate, floral organogenesis develops over two or 

three years. In stone species, as is the peach tree, 

complete organogenesis develops in two years: in the 

first year, a lateral shoot grows from a vegetative bud, 

with some lateral buds becoming flowering buds and 

blooming in the second year. In peach tree, floral 

induction takes place in early July, sometimes earlier 

or later depending on temperature (2). Peach culture is 

greatly restricted by climate condition, especially 

temperature, with a decisive influence on development 

and productivity.  

 Morphological differentiation starts in June, July 

and ends in October or November through training of 

gynoecium and androecium. Sections made in 

flowering buds in November (2011) December (2011, 

2012), January, February (2012, 2013) and March 

(2012, 2013), are highlighting the flower organ 

differentiation, regardless of variety (Figure 4). No 

significant differences occurred between varieties in 

the same calendar year, while morphological 

differentiation occurred. According to observations 

made, morphological and sexual differentiation process 

has continued, so that at the end of March, the buds 

sections are highlighting all parts of the flower (sepals, 

petals, androecium, gynoecium) (Figure 4m, 4n, 4o). 

During organogenesis, monthly average temperatures 

fluctuated quite broadly in Craiova area, from -5.6
o
C 

(February 2012) to 9.7
o
C (November 2010). Due to 

low temperatures recorded in January (-17
o
C on 

January 30 and -20
o
C on January 31) and February 

2012 (-22
o
C to February 9), part of flowering peach 

buds were destroyed. The minimum temperatures 

recorded during January-February 2012 followed the 

above species biological threshold (5-6
o
C). Maximum 

temperatures of Craiova area in January 2012 were as 

follows: maximum of 12
o
C (January 23), the average 

of 6
o
C and minimum of 3

o
C 

(http://www.wunderground.com).  

 Szymajda et al. (31) considers the severe drops in 

temperature by the end of winter, in February, to be 

particularly devastating to flower buds in peach and 

apricot, especially after long periods of mild 

temperatures. This explains the large losses in certain 

areas of Oltenia region (Dabuleni area) where peach 

plantations were greatly affected. Peach tree resistance 

to winter is relatively good, with ripe wood and trees 

that are well prepared for the winter, with no 

significant loss at temperatures of -22...-24°C, with 

slight differences depending on variety. But if winter 

windows appear above the biological threshold and 

annealing occurs, it greatly reduces winter hardiness, 

freezing at temperatures from -7...-8°C (21). 

 

 

http://www.wunderground.com/
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a) 'Splendid cultivar'  

b) (November 9, 2011) 

 
b) 'Superbă de toamnă' cultivar (December 9, 

2011) 

 
c) 'Splendid' cultivar  

(January 26, 2012) 

 
e) 'Superba de toamna' cultivar 

(January 26, 2012) 

 
d) 'Splendid' cultivar  

(January 23, 2013) 

 
f) 'Superba de toamna' cultivar  

(January 23, 2013) 

 
g) 'Springold' cultivar 

 (January 26, 2013) 

 
h) 'Splendid' cultivar  

(March 9, 2012) 

 
i) 'Splendid' cultivar  

(February 23, 2012) 

 
k) 'Superba de toamna' cultivar 

(February 23, 2012) 

 
j) 'Superba de toamna' cultivar  

(March 9, 2013) 

 
l) 'Springold' cultivar  

(March 9, 2013) 
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m) 'Springold' cultivar  

(February 23, 2012) 

 
n) 'Splendid' cultivar  

(March 29, 2012) 

 
o) 'Superba de toamna' cultivar  

(March 25, 2012) 

Figure 4. Stages of development of buds flowering peach 

 

Damage to flower buds as well as to xylem (the 

tissue most sensitive to winter injuries) is limiting 

cultivation of peaches in regions with harsh winters 

(27). It was found that peach fruit bud sensitivity 

increases with the degree of development and is 

influenced by their position in the canopy. Differences 

in cold hardiness and lethal temperatures were 

observed during different developmental stages of 

sweet cherry flower buds for the same cultivar as well 

as among cultivars (29). Fruit buds on thicker branches 

are more resistant than those on thin branches. 

Resistance to low temperatures is influenced by type of 

fruit branches. The branches placed on fruit branches 

or bouquets are sometimes resistant and provide years 

of climatic accidents fruit in some varieties. These 

characteristics of the peach species explain why in the 

same place and same conditions, some of flowering 

buds survived and others did not. According to Reig et 

al. (28), blooming time, fruit type and breeding 

programme do influence the response to low 

temperature among cultivars. 

Registration of vegetation phenophases based on 

landmark stages, in correlating macroscopic aspects of 

bud development with microscopic aspects occurring 

in reproductive organs, allow a thorough understanding 

of bud development, an assessment of defining 

moments for growth and development of fruit buds, of 

flowering development, fruits binding and formation, 

depending on climate characteristics of each area. 

Peach tree starts vegetation after a period of 7-10 days 

when air temperature exceeds 6.5ºC, and flowering, 

fecundation and binding are starting when air 

temperature exceeds 10ºC, being on average at 12-

15ºC. Depending on temperature, flowering lasts for 

10-14 days, while at lower temperatures it can take 

even longer (21, 5). In Craiova area, the start of 

vegetation in peach tree occurred in late March (March 

25) in 2012 and a few days later in 2013 (Figure 5a, 5b, 

5c). During March, when phenophases developed, ie 

"early bud swelling", "cracking scales and sepals 

emergence", "petals’ emergence" and "the beginning of 

flowers opening", temperatures varied as follows: in 

2012: between 25°C (March 18, 2012) and -5
o
C 

(March 8, 2012); in 2013: between 18
o
C (March 10, 

2013) and -4
o
C (March 16, 2013). The research 

conducted in South Korea by Hur et al. (20) on the 

change or first flowering date from peach. Showed that 

the increased temperature during February and March 

accelerates the plant growth rate and thereby advances 

first flowering date in peach tree by 7.0 and 12.7 days.  

 Flowering in peach tree developed in the first 10 

days of April (Figure 5a, 5d, 5f, 5g, 5j) in 2012, and 

about a week later in 2011 (Figure 5e, 5h) and 2013 

(Figure 5c, 5i, 5l). The minimum temperatures 

recorded in this period ranged between -1ºC and 

11.7ºC. Cold tolerance limits in peach are as follows: 

bud sprouts resist at -3.9°C, open flowers at -2.8°C and 

bound fruits at -1.1°C. In terms of temperature 

recorded during peach flowering (2011, 2012 and 

2013) there were no damages. 

 Chuine et al. (4) believe that the effect of 

temperature on plant phenology is however not linear 

because temperature has a dual effect on bud 

development: on one hand, low temperatures are 

necessary to break bud dormancy, and on the other 

hand higher temperatures are necessary to promote bud 

cells growth afterwards.  
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a) The emergence petals ('Splendid' 

cultivars, April 4, 2012). 

 
b) The emergence petals ('Superba de 

toamna' cultivars, April 8, 2011) 

 
c) The emergence petals ('Splendid' 

cultivars, April 12, 2013). 

 
d) Flowering ('Splendid' cultivars, April 

10, 2012) 

 
e) Flowering ('Superba de toamna' 

cultivars, April 15, 2011) 

 
f) Flowering ('Splendid' cultivars, 

April 16, 2012) 

 
g) Petals fall ('Splendid' cultivars, April 

20, 2012) 

 
h) Late blooming ('Superba de 

toamna' cultivars, April 18, 2011) 

 
i) Late blooming ('Splendid' 

cultivars, April 19, 2013) 

 
j) Petals fall ('Springold' cultivars, 

April 19, 2012) 

 
k) Petals fall ('Splendid' cultivars, 

April 12, 2012) 

 
l) Petals fall ('Splendid' cultivars, 

April 23, 2013) 

 
m) Young fruit ('Springold' cultivars, 

April 23, 2012) 

 
n) Young fruit ('Splendid' cultivars, 

April 23, 2012) 

 
o) Young fruit ('Splendid' cultivars, 

May 3, 2013) 

Figure 5. Phenology peach cultivars 

 



 155 

 

Early April is the flowering period of peach cultivars 

(Figure 5d-5i), with state landmark "open flower" 

between April 5-10 in 2012 and April 14-20 in 2011 

and 2013. During flowering period, minimum 

temperatures recorded were above resistance values of 

the species for this phenophase (-2,2
o
C) and they 

ranged from -2
o
C (April 9) and 13

o
C (April 6) in 2012 

year and -4°C (April 19) and 6°C (April 14) in the year 

2013. Thermal optimum for flowering development in 

peach is the temperature of 13-16
o
C (21). For 

flowering, average temperatures of 2012 and 2013 

were 13-14°C. The following stages are rapidly 

developing so that from "flowering" to "young fruit", 

12 to 15 days were required in 2012; and 14 to 16 days 

in 2013. In 2012 it was found an earlier generation of 

spring phenophases, which is specific to climate 

changes. Spring phenophases are temperature-

sensitive, which means that their long-term analysis 

can provide information on temperature changes in 

winter and spring. 

 Regarding phenophases development in peach 

tree, phenological phase of "early blooming" in peach 

grown in Dabuleni area in 2003, depending on cultivar, 

covered the period April 13 to 16 (15). Knowing the 

fact that on sandy soils there are earlier phenophases of 

vegetation, one can say that in Craiova area, in 2012 

and 2013 the flowering in peach was early. This is 

generally due to higher annual average temperatures 

from the last period of time. For Craiova area, 

correlation between phenology and minimum 

temperatures recorded in this area are presented in 

Table 3. 

  
 

Table 3 

Minimum temperatures recorded by landmark stage 

Landmark stage Temperature (
o
C)

*
 Observation 

limit minimum recorded 

B Beginning of bud swelling -10 -6
 o
C in 2012 year 

-4
 o
C in 2013 year 

Below the limit of resistance 

C Bud swelling 

 

-5...-7 -3
 o
C in 2012 year 

-4
 o
C in 2013 year 

Below the limit of resistance 

D Emergence of flower buds -3...-4 1
o
C in 2012 year 

-3
 o
C in 2013 year 

Above the required minimum 

E Floral button 

 

-3.9 

-1.7...-4.9 

0
o
C in 2012 year 

2
o
C in 2013 year 

Above the required minimum 

F Flowering 

 

-2.8 

-1.1...-3.8 

0
o
C in 2012 year 

4
o
C in 2013 year 

Above the required minimum 

G Petals falling 

 

-2.2 

 

7
o
C în 2012 year 

7
o
C în 2013 year 

Above the required minimum 

H Young fruits’ binding and 

development 

-1 7
o
C in 2012 year 

13
o
C in 2013 year 

Above the required minimum 

I Growing fruit 

 

-1 8
o
C in 2012 year 

12
o
C in 2013 year 

Above the required minimum 

*http://www.wunderground.com/history/station/15450/2013/3/6/WeeklyHistory.html?req_city=NA&req_state=NA&req_statename=NA 

 

With regard to water requirements, peach is a species 

resistant to drought, but for higher crops and better 

quality, water becomes the limiting factor. Modern 

culture of peach tree is impossible without irrigation, 

even in areas with 500-600 mm annual rainfall. 

Tolerance to lack of water in soil is dependent on 

rootstocks; almond is the strongest while wax cherry is 

the most sensitive (21). For Craiova area, the average 

annual rainfall has varied quite broadly between 339 

mm (2002) and 813 mm (2010). 

 

Conclusions 
Peach tree, a thermophile plant, has found 

favorable conditions for growth and development in 

Craiova town area, where the average annual 

temperatures meet the special requirements. 

Correlation of morphogenesis phase development with 

air temperature -an important factor in buds 

development- can give information on influence of 

climate change on trees (bud differentiation and 

development). Generally, the control of organogenesis 

development, and floral morphogenesis, in particular, 

using meteorological elements in different areas of 

fruit farming, are enabling determination of risks that 

could occur during vegetation period, due to climatic 

conditions. 

In studying the cultivars/rootstock for long 

periods of time, in certain areas of culture, decisions 

can be made on composition of sustainable and 

competitive crops. Study of phenology in correlation 

with ecological factors can be used in several 

directions: (1) use in horticulture for making decisions 

on composition of cultivars able to adapt to current 

climate changes, to escape climate accidents, that are 

common in some areas and sometimes leading to loss 

of harvest; (2) monitoring of climate changes, given 
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the fact that plants are those that record and respond to 

ecological factors. 
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