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ABSTRACT. Commercially successful growing of many fruit trees needs the 
occurrence of ecological requirements, which are specific for every tree 
species and cultivar. Climate changes expected can accelerate or change 
ecology, phenology, production and existence of species. Taking into 
account that Oltenia region was amongst the hottest areas of Romania and 
the frequency of warm winters amplified due to the early arrival of spring, the 
paper assessed the suitability of climatic resources in Craiova area for 
growing fruit trees, with reference to the species apricot (Prunus armeniaca 
L.) under the current climate changes. Fruit orchards are in urgent need of 
adaptation strategies to climate changes, such as finding cultivars and 
hybrids resistant to drought and high temperatures and measures for 
delimiting areas of fruit tree cultivars with vulnerability to drought and / or to 
extreme temperatures, and promoting tolerant varieties, as well as new 
technologies to counteract negative effects.  
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INTRODUCTION 
 
Commercially successful cultivation of many fruit trees needs the fulfillment 
of ecological requirements, which are specific for every tree species and 
cultivar. Climate changes expected can accelerate or change ecology, 
phenology, production and existence of species. For example, change of 
bloom dates for plums, apple, pear and chestnut cultivars related to climatic 
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change have been observed in different ecological areas (Cosmulescu et 
al. 2002, 2010a,b, Grab & Craparo 2011, Guo et al. 2013). Advancing 
trends in bloom dates of many trees indicate that dormancy breaking 
processes are indeed changing, most likely in response to climate change 
(Guédon and Legave 2008, Campoy et al. 2011). With regard to the climate 
change impact on fruit growing, analysis results conducted in Pitesti area 
by Mateescu et al. (2009) show that phases of bud bursting and flowering 
in apricot, plum, pear and apple tree species occur sooner with 4-8 days on 
average in terms of arbitrary scenario the air temperature will increase by 
1oC and that, with 9-12 days in terms of temperature increase to 2oC, 
compared the current. With regard to the interactions between climate 
variability and vegetation dynamic using a phenology based approach, 
Horion et al. (2013) account that the relationship between normalized 
difference vegetation index and meteorological parameters is highly 
complex and significantly vary trough the phenological cycle of the plants. 
Changes in climate and soil moisture have been reported to affect the fruit-
setting and productivity of several plants (Olesen et al. 2011, Asghar et al. 
2012). Gunduz et al. (2011) estimated that the most significant climatic 
factors on apricot yield were minimum temperature, rainfall and humidity 
during flowering period, and maximum temperature during planting period. 
Temperate orchards are in urgent need of climate change adaptation 
strategies because of the high investments incurred in orchard 
development and the long productive life span of trees (Luedeling, 2012). 

Taking into account that Oltenia region was amongst the hottest areas of 
the country and the frequency of warm winters increased due to the early 
arrival of spring, which in turn has become more common (Marinica et al. 
2014), the paper aims to assess the suitability of climatic resources in 
Craiova area for growing fruit trees, with reference to species apricot 
(Prunus armeniaca L.) under the current climate conditions.   
 
 
MATERIALS AND METHODS 
 
The study was conducted for Craiova area, located in Southwest of Romania 
(44°20′N, 23°49′E). The climate is temperate continental and plain specific, with 
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Mediterranean influences. The average temperature range from 10°C to 11.5°C 
and rainfall level is 580 - 600 mm.  

In analyzing suitability of Craiova for growing fruit trees, with reference to 
apricot, ecometric climatic indices representing formulas for climatic suitability were 
used, taking into account the actual values of the main climatic factors (Satmari, 
2010). 

To determine the action mechanisms of climate elements, computational 
methods were used such as: climate index (Icp), Martonne index of aridity (I.A.), 
hydrothermal coefficient, linear functions (sum of temperatures), differences in 
temperature, rainfall, multiple correlations, charts etc. Martonne index of aridity is 
the ratio between the sum of total annual rainfall and average temperature of the 
year, plus 10, and was calculated using the formula:  

 
, where: P = sum of total annual rainfall, T = average temperature of the year 
Climate index shows the ratio of solar coefficient and size of rainfall coefficient 

during the active growing season, widely expressing the relationship between 
climate and plant over longer periods of time (Manescu et al. 1975). To calculate 
climate index the formula was used:  

 
, where: Stm = sum of temperatures, Sir = sum of insolation hours, Sp = sum of 

rainfall, n = duration of time interval in days. 
In analyzing the agro-climatic potential of Craiova area, the main climate 

elements (air temperature, precipitation, air humidity) were taken into account 
based on the data obtained from the website http://www.wunderground.com/, 
www.rp5.ru and from the National Meteorological Administration of Romania. The 
period analysed was 2004-2013. 
 
 

RESULTS AND DISSCUSSION 
 
Consistency of genetic requirements of fruit plants with environmental 
factors is a key condition in obtaining high yields of constant volume and 
high quality, and profitable. Studies and thorough knowledge of 
environmental microclimate and macroclimate conditions must stand for the 
choice of land for plantations of fruit trees and fruit bushes. The average 



Cosmulescu, S. & Gruia, M. 

 
South west J Hortic Biol Environ (2016) 

18 

annual temperature of the town provides important information when 
choosing areas favorable for growing fruit tree species. The literature 
indicates that increased daily average air temperature influences the 
growth vegetation period and phenology of plant species (Cosmulescu et 
al. 2002, 2010a, Badeck et al. 2004, Richardson et al. 2013). In comparing 
the annual average temperatures in Craiova area (2004-2013) with the 
wamth requirements of fruit species (Table 1) it was found that annual 
average temperatures meet the requirements of fruit tree species. There 
are also exceptions, ie in the years 2007, 2009, 2012 and 2013, when 
average annual temperature in the area was higher (12.4oC, 12.2oC, 
12.4oC, and 12.1oC, respectively). 
 

Table 1. Average annual temperatures and requirements of fruit tree species in 
relation to the average annual temperature. 

 

Requirements to 
warmth in seedy 

species 

Requirements to 
warmth in kernel 

species 

Requirements to 
warmth nut 

species 

Year 

Average annual temperature (oC) 

Average annual 
temperatures in 

Craiova (oC) 

2004 11.7 

2005 10.5 

2006 10.9 

2007 12.4 

2008 11.9 

2009 12.2 

2010 11.3 

2011 11.1 

2012 12.4 

2013 

Apple tree:  
8–10 

Pear tree:  
9–10 

Plum tree:  
8–10.5 

Apricot tree:  
9.5–11 

Peach tree:  
9–10 

Cherry tree:  
9–10.5 

Sour cherry tree: 
8–11 

Walnut:  
9–10.5 

Chestnut:  
9.5–10.5 

12.1 

 Mean period 1960-1990 10.6 
 
 

There is a trend for linear increase in average annual temperature; the 
limits of variation are from 10.5oC (year 2005) to 12.4oC (year 2007 and 
2012). Differences from the average temperature of period 1960-1990 
(10.6oC) vary between -0.1oC and 1.8oC.  
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With reference to the suitability of the area for growing apricot tree, in 
analyzing the values recorded in Craiova area over the period 2004-2013 in 
the average annual temperature, the average temperature in June and 
July, the number of hours of insolation in June and July and the average 
number of hours of annual insolation, and comparing them with data from 
literature (Cociu, 1993), it was found that from this point of view Craiova 
area is suitable to growing apricot tree (Table 2). The values recorded go 
higher than minimal requirements for apricot tree culture. 

 
Table 2. Assessment of apple tree growing suitability in Craiova area based on 

minimum requirements of apricot tree. 
 

 Minimum 
requirements for 

apricot tree culture* 

Values recorded 
for Craiova area  

(2004-2013) 

Average annual temperature (oC) + 10 + 11.7 
Average temperature in June (oC) + 19 + 21.07 
Average temperature in July (oC) + 21 + 23.62 
Number of hours of insolation  

in June (hours) 
250 28.,2 

Number of hours of insolation  
in July (hours) 

280 325.8 

Number of hours of insolation per 
year (average) (hours) 

1900 2364.2 

 

*(Cociu, 1993) 

 
 

Long time practice showed that sudden variations in weather factors, 
particularly the air temperature, are hastening or hindering growth and 
development processes even in perennials like trees (Luedeling et al. 
2011). Moreover, permanent exceeding of temperature thresholds are 
causing the triggering and deployment of vital processes such as 
differentiation, dormance period, growth of leaves and shoots, fruit-setting, 
flowering and maturity dates (Grab et al 2011, Campoy et al. 2011, 
Dirlewanger et al. 2012). 

Drought is expected to increase in frequency and severity in the future 
as a result of climate change, mainly as a consequence of decreases in 
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regional rainfall but also because of increasing evaporation driven by global 
warming (Dai 2013, Sheffield et al. 2012). In Romania, according to the 
National Agency of Meteorology (ANM), in the territory with high risk of 
drought and desertification, the climate is hot and dry, with annual average 
temperatures exceeding 10°C, while the sum of average annual rainfall is 
between 350-550 mm, of which the amount during the growing season 
(April to October) is between 200-350 mm. Based on those criteria, for 
Craiova area the assessment was carried out on risk of drought. In 
correlating the amount of rainfall with average annual temperatures, it was 
found that the 2008, 2011 and 2012 were years with drought risk, when the 
amount of rainfall was 474.7 mm, 487.9 mm and 529.3 mm, respectively, 
while the average annual temperature was 11.9oC, 11.1oC and 12.4oC, 
respectively. It was noted that during 10 years analyzed for Craiova area, 
only 3 years have shown the characteristics of a territory with high-risk of 
drought and desertification. 

The index of aridity is a parameter that expresses the relationship 
between climate, plant growth and water in a territory, established by 
Martonne. This index enables determination of aridity degree of a region 
over specific periods (a year or a month), being an expression of the 
restrictive character that climate conditions require to certain plant 
formations. It expresses the relationships between multiannual rainfall and 
annual average temperature. Values calculated for this index have varied 
from year to year (Table 3). Overall, for the period under review, this index 
has an average value of 29.37, the lowest value being 21.68 (year 2008), 
while the maximum was 38.17 (year 2010). According to the classification 
made by Dumitrescu & Glaja (1972) and Gaceu (2002), the area under 
study falls within the steppe-wet climate with different subtypes of climate, 
from dry steppe climate (year 2002) to a humid climate that are 
characteristic to beech forest (year 2010). This variability of aridity index is 
due to the average annual rainfall (Table 3) that is variable from year to 
year (between 474.7 mm in 2008 and 813 mm in 2010). 

Nevertheless, for plant growing, rainfall during the growing period is 
relevant. Lack of rainfall over a given period may not be refilled by rainfall 
surplus over a different period of time. Average monthly rainfall over the  
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Table 3. Average annual temperature, annual rainfall and index  
of aridity calculated in Craiova area. 

 

Year 
Sum of annual  
rainfall (mm) 

Sum of rainfall in 
April-October (mm)

Average annual 
temperature (0C)

Index of  
aridity 

2004 660.10 485.5 11.7 30.42 
2005 646.30 480.6 10.5 31.53 
2006 640.40 430.5 10.9 30.64 
2007 752.50 509.8 12.4 33.59 
2008 474.70 330.2 11.9 21.68 
2009 696.00 393.0 12.2 31.35 
2010 813.00 417.0 11.3 38.17 
2011 487.90 340.6 11.1 23.12 
2012 529.30 300.2 12.4 23.63 
2013 625.60 435.0 12.1 29.53 

Average 635.28 412.24 11.7 29.37 
 
 

period 2004 - 2013 varied within quite large limits (Cosmulescu et al. 2015). 
Over this period, there were calendar months when rainfall was missing or 
very low and insignificant: February 2004 (0.8 mm), April 2007 (0 mm), 
August 2008 (0.6 mm), September 2011 (0 mm), November 2011 (0.3 
mm), December 2013 (0.6 mm). On the other hand, rainfall amounts were 
recorded that reached high values: August 2007 (148.6 mm), July 2011 
(142 mm), October 2007 (138.8 mm), July 2004 (134.4 mm), October 2005 
(132.1 mm). 

Also the volume of average rainfall between May-July varied within large 
limits from one year to another. The limits of variation were: between 28.8 
mm (2004) and 109 mm (2012) for May; between 7.6 mm (2012) and 125.6 
mm (2006) for June; between 5.6 mm (2007) and 142 mm (2011) for July. 
Average rainfall was: 63.11mm for May, 63.55mm for June, and 68.33mm 
for July (Cosmulescu et al. 2015). 

It is necessary to analyze if rainfall was useful for growth and 
development of trees. Useful rain is considered when it has over 10 mm. To 
ensure sufficient wetting of a soil with balanced hydro-physical, the rainfall 
(in mm) of each month should be over 3 times higher than the average 
monthly temperature (Mihăescu, 1998). Not in all the years and months 
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analysed do we get this report. Values lower than 3 for all the three months 
analyzed are not achieved for any year. On the other hand, the limits of 
variation are quite large, eg for the year 2006, from 1.30 to 6.38, or the year 
2012, with limits from 0.33 to 6.37 etc. (Table 4). Of total values obtained, 
about 40% have a value higher than 3, which means that only in 40% of 
cases analyzed a sufficient wetting was made. From this point of view, for 
growing fruit trees in Craiova area, irrigation is recommended. 

 
Table 4. Ratio between average monthly rainfall and average monthly temperature. 
 

Average monthly  
rainfall (mm) 

Average monthly  
temperature (oC) 

Ratio between rainfall  
/ temperature Year 

May June June May June June May June June 

2004 28.8 36.3 134.4 15.6 20.0 23.1 1.85 1.82 5.82 
2005 76.9 14.0 59.4 16.8 19.3 21.8 4.58 0.73 2.72 
2006 48.8 125.6 29.7 16.7 19.7 22.8 2.92 6.38 1.30 
2007 93.6 57.6 5.6 18.7 23.0 26.5 5.01 2.50 0.21 
2008 31.0 28.4 88.2 17.1 21.7 22.8 1.81 1.31 3.87 
2009 41.0 91.0 102.0 17.9 21.1 23.6 2.92 4.31 4.32 
2010 98.0 94.0 47.0 16.9 21.1 22.9 5.80 4.45 2.05 
2011 72.0 57.0 142.0 16.3 20.7 22.4 4.42 2.75 6.34 
2012 109.0 7.6 26.0 17.1 23.3 27.1 6.37 0.33 0.96 
2013 32.0 124.0 49.0 19.1 20.8 23.2 1.68 5.96 2.11 

Average 63.11 63.55 68.33 17.22 21.07 23.62 3.67 3.05 2.97 
 
 

Another synthetic coefficient used for analyzing the influence of climate 
elements on plants is climate index. It uses average values of temperature, 
hours of insolation and rainfall. Climate index is a variant of hydro-
heliothermic coefficient, which expresses the general relationship between 
climate and plant for longer periods of time. The period April 1 to October 
31 was taken as the reference (calculation) period. Values of this index 
over the period 2004-2013 are shown in Table 5. It was found a large 
variability from year to year, the variation limits are from 17.0 (2010) to 34.5 
(2012), with an average value of 25.34 over 10 years period. 

According to Botez and Burloi (1977), suitable areas for apricot tree 
growing are those where the following parameters are performed: (1) the  
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Table 5. Climate index calculated for Craiova area (2004-2013). 
 

Year 
Sum of average 

temperatures (oC)
Sum of hours of 

insolation (hours)
Sum of  

rainfall  (mm)
Climate  
index 

2004 140.5 2622 660.1 26.1 
2005 125.7 2499 646.3 22.7 
2006 131.1 2201 640.4 21.1 
2007 149.3 2336 752.5 21.7 
2008 142.5 2293 474.7 32.2 
2009 145.9 2224 696.0 21.8 
2010 136.1 2173 813.0 17.0 
2011 133.7 2415 487.9 30.9 
2012 148.9 2623 529.3 34.5 
2013 144.6 2257 652.6 23.4 

 Average climate index 25.34 
 
 

sum of average rainfall during period November to March should be 
between 150-200 mm; (2) the sum of average temperatures during period 
November to March should be between 7°C and 12°C; (3) water ratio, ie 
the ratio between the sum of annual rainfall and average daily 
temperatures, should oscillate around the value of 50. 

Calculation of these parameters for Craiova area (Table 6) indicates that 
the values are different from year to year. During period November to 
March, values of the sum of average temperatures are ranging between 
7.4oC (year 2011) and 18.2oC (year 2007), while the values of average 
rainfall are ranging from 144.5 (year 2008) to 396.0 (year 2010). Of the 10 
years analyzed, 4 years do comply with the sum of average temperatures, 
while and 3 years do comply with the requirements for the sum of rainfall 
over this period of time. During 6 years of 10 years analyzed, the average 
temperature exceeds 12°C, which causes the early start of plant growth in 
springtime, a fact confirmed by other authors too (Luedeling 2012, Guo et 
al. 2015). When analyzed as individual environmental parameters, they 
comply largely with requirements of the species, but complex analysis 
shows that in Craiova area there are years which are unfavorable to apricot 
tree culture. Given that in most areas of Romania rainfall is insufficient 
(except for areas at high altitudes), in order to obtain high yields and each  
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year it is necessary to irrigate orchards. 
 

Table 6. Sum of average temperatures (oC) and rainfall  
during period November-March. 

 

Year 
Sum of average 

temperatures (oC)
Sum of  

rainfall (mm)

2004 17.4 174.6 
2005 8.1 165.7 
2006 8.6 209.9 
2007 18.2 242.7 
2008 15.4 144.5 
2009 15.9 303.0 
2010 12.7 396.0 
2011 7.4 147.3 
2012 7.6 229.1 
2013 14.6 217.6 

Average 10.8 170.2 

 
 
CONCLUSIONS 
 
There are periods with high risk of drought in Craiova area. During the 
growing season (April to October), rainfall is variable from year to year, 
sometimes much below what is necessary to fruit tree species, which 
affects, more often in a negative way, growth, quality and quantity of crops. 
Applying of measures is required to reduce the effects of drought, to 
prevent and combat desertification and land degradation, to create cultivars 
and hybrids resistant to drought and high temperatures; applying also 
measures for areas delimitation of fruit tree varieties with vulnerability to 
drought and/or extreme temperatures and promoting tolerant varieties, as 
well as  adaptive methods of their management, which are practically 
validated, including through new technologies for watering, fertilizing, and 
pest control. 
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