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Abstract       The variability of annual tree ring size for beech (Fagus sylvatica 
L.) was analyzed for the North –Eastern part of Romania. 33 stands were 
studied from which 409 growth samples were taken. These were measured 
and standardized. Growth curves were elaborated which were analyzed in 
terms of altitude and exposition. At 400 m and 500 m altitudes, the growth 
curves from southern and northern flanks are much alike. At 700 m, 800 m 
and 1000 m altitudes the growth curves vary a lot. On southern expositions 
the growth curves variation is fairly high, the exposition influence being low. 
The growth achieved at high altitudes (800 m, 1000 m) showed out high 
variations beside those brought out at low altitudes (400 m, 500 m). The 
growth curves variations at high altitudes can be determined by the 
temperature conditions. On northern expositions the growth achieved are 
more uniform. In this case, the exposition has a greater influence on growth.   
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The annual tree ring width varies from year to 

year due to the environmental factors influence. Their 

variation can be annual or periodic, and their influence 

may reflect on the growth achieved in one or several 

years. The correlation between the annual tree ring size 

and environmental factors is influenced by the species 

ecological requirements or by factors from the extreme 

years
19

.  

The environment determines in what amount is 

the hereditary potential of an individual expressed. The 

same species can grow in different environments and in 

different ways. Among exogenetic factors we can 

mention light, water, temperature, soil, wind, fire, 

insects, diseases and parasites, the competition within 

the same species and between different species, 

antropic activities
31

. 

The annual tree ring size is achieved under the 

cumulative influence of all factors that influence 

growth. In its analysis, all the influences that appear 

during the growth and evolution of forestry vegetation 

must be considered. The tree ring formation depends 

on species and on the place where it grows and 

expands
25

. 

In this study there were taken into account 

environmental factors as altitude and exposition in 

order to underline their influence over growth in beech 

(Fagus sylvatica L.). 

 

Material and Methods 
 

The research area stretches on four counties. 

The stands where beech is the prevalent met species 

were as well disposed in two groups: one id disposed in 

Suceava and Botosani county, and the second in Neamt 

and Bacau county. The stand points are part of the 

National Forestry Inventory with the distance between 

points being 4 km. These have a relatively spatial 

uniform disposal, fact that will allow the analysis of 

factors that influence the growth of this species. 

The beech studied area is extended between 46 

degrees northern longitude and 48 degrees northern 

longitude and 25
o
30' degrees eastern longitude and 27

o
 

30' degrees eastern longitude. For spruce a number of 

409 cores were taken from 33 stands. 

In each stand are registered the geographical 

coordinates, altitude, exposition, average land slope, 

flank position, production  class, station type, soil class 

and type. For beech, the shortest series has the length 

of 51 years in the stand F103 and F117, and the longest 

series is of 338 years in the stand F134. The stand with 

the highest altitude is F104 situated at an altitude of 

1151m, and the lowest is F124 situated at an altitude of 

311 m. 

 For data calculation of each stand, these were 

grouped in altitudinal classes (the size of a class being 

of 100m and the middle, half of the class) and 

exposition types (southern/northern). 

The growth samples were taken with the 

Pressler increment borer and transported in special 

plastic supports. The growth samples were fixed on 

wooden plates with adhesive and after its drying, the 

samples were ground, in different stages with abrasive 

tapes of different granulation, starting from those rough 

to the fine ones. 
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The width measurement of the annual tree ring 

was done with the help of the informational program 

Coorecorder
4
. The precision offered by the program is 

of 0,01mm. The measurements were stored under the 

form of electronic files which were then introduced in 

the informational program C – dendro
8
 for the 

designation of the prelevation year. The cross dating 

process was done on two stages. In the first stage a 

primary cross dating was done with the help of the 

Coorecorder
8
 program by comparing each growth 

curve of a growth sample with a growth reference 

curve calculated from the total of growth curves. The 

reference curve was calculated with C – dendro
8
 

program. The analysis was done on segments with the 

length of 10 years, both visually as well as statistically 

through correlation coefficients automatically 

calculated by the program. The proposed period for 

study is 1958 – 2008. The cross dating was then done 

with the program Cofecha
18

. The statistical calculation 

done by the program pointed at the missing years and 

the fake years in the measurement of tree rings. The 

measurements were then corrected where necessary. 

The growth samples whose correlation coefficients 

were less than 0,2 comparing to the stand average were 

excluded from the study. 

The growth series processing was done with the 

help of Arstan
6
 informational programme. Through 

statistical processing with Arstan
6
 programme the 

statistical characteristics of each stand were obtained. 

The main statistical parameters calculated were: the 

length of the dendrochronological series, the minimal 

year of the dendrochronological series, the minimal 

value of the measured annual tree ring width of the 

dendrochronological   series, the maximum value of 

the measured annual tree ring width from the 

dendrochronological   series, the maximum year of the 

dendrochronological   series, the average value of 

annual tree rings width, the variation, the standard 

deviation, average sensitivity, first degree 

autocorrelation, correlation. 

The next step was the growth series 

standardization. It was done with Arstan
6
 program. The 

growth series standardization represents the procedure 

of transforming the chronological series, representing 

the size of the annual tree ring, in a series of data by 

extracting a certain signal through the method of 

relating the size of the annual tree ring to a value 

obtained through a function. A first standardization 

was applied in order to exclude the age influence with 

an exponential function and then a second 

standardization was applied through a cubic spline 

function with a length of 20 years for excluding 

disturbing endogenous and exogenetic factors. 

The longest series has 338 years, beginning with 

the year 1672 and ending in 2009 in the stand F134. 

The shortest series has 51 years, beginning with the 

year 1959 and ending in 2009 in the stand F103. The 

average core correlation from the stands is the highest 

between the cores from stand F102 with a value of 

0,753 and the lowest is between the cores from stand F 

111 with a value of 0,402. The standard deviation 

varies from a value of  0,157 in stand F 124 to a value 

of 0,500 in stand F 119. The average sensitivity varies 

from a value of 0,115 in stand F 124 to a value of 

0,290 in stand F123. 

 

Results and Discussions 
 

After obtaining the growth series data, with the 

help of Arstan
6
 programme, the data were transferred 

to the informational programme Microsoft Excel where 

they continued to be processed. For the study of the 

analyzed factors influence, the stands were grouped on 

classes and an arithmetic mean was issued for each 

altitudinal class and for each exposition type.
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The exposition influence over beech growth in relation to altitude is presented in the figure no. 2. 

 
Fig. 2 The exposition influence over beech growth in relation to altitude 

 

At altitudes of 400 m and 500 m the southern 

and northern exposition curves are very much alike, the 

conclusion being that the heat input or the lack of 

precipitations are not decisive factors in beech growth 

at these altitudes. The situation changes at higher 

altitudes. At altitudes of 700 m, 800 m and 1000 m the 

growth curves vary more. At altitudes of 700 m, the 

growth curve on southern expositions shows a lower 

annual variation. At altitudes of 800 m and 1000m, on 

northern expositions, the beech registers more uniform 

growth rhythms, not being probably exposed to a high 

temperature and humidity amplitude. 

In order to compare beech growth on southern 

and northern expositions figure no. 3 was issued.
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Fig. 3 Beech growth on southern and northern expositions 

 

On southern expositions the growth variation 

curves is pretty high due to the temperature and 

humidity conditions. The exposition influence is low, 

and in the annual tree ring formation a high variety of 

other factors interfere influencing growth. The beech is 

a species whose growth is strongly influenced by lack 

of water, a factor that can lead to these variations at 

low altitudes (400 m, 500 m). The variations of growth 

curves at high altitudes can be determined by the 

temperature conditions. 

The growth curves on northern expositions are 

much uniform and the degree of overlapping is higher. 

In this case, the exposition has a higher influence on 

growth. It leads to a more uniform growth, no matter 

the altitude. The beech is a species that prefers the 

shadow. So, northern expositions offer optimal growth 

conditions through an appropriate light quantity, 

constant temperature and humidity conditions. The 

high variations from year to year of factors that 

influence the species growth expose it to a 

physiological stress which leads to a lower growth in 

relation to the normal average obtained in normal 

growth conditions. 

 

Conclusions 
 

The beech gathered a number of 33 stands from 

which 409 cores were processed. The studied area for 

beech is situated between 46 degrees northern latitude 

and 48 degrees northern latitude and 25
o
30' degrees 

eastern longitude and 27
o
 30' degrees eastern longitude. 

For the study of analyzed factors influence, the stands 

were grouped into classes and an arithmetical mean 

was done for each altitudinal class and exposition. 

At altitudes of 400 m and 500 m the growth 

curves from southern and northern expositions are 

much alike, the conclusion being that the heat input or 

the lack of precipitations aren't decisive factors in 

beech growth at this altitudes. The situation changes at 

higher altitudes. At altitudes of 700 m, 800 m and 1000 

m the growth curves vary more. On northern 

expositions, the beech registers more uniform growth 

rhythms, not being probably exposed to a high 

temperature and humidity amplitude. 

 On southern expositions the variation of growth 

curves is pretty high due to the temperature and 

humidity conditions. The exposition influence is low, 

and in the annual tree ring formation a high variety of 

other factors interfere influencing growth. On northern 

expositions the growths achieved are much uniform. In 

this case, the exposition has a higher influence on 

growth. It leads to a more uniform growth, no matter 

the altitude. The beech is a species that prefers the 

shadow so, northern expositions offer optimal growth 

conditions through an appropriate light quantity, 

constant temperature and humidity conditions.  

The altitudinal gradient and exposition express 

their strongest influence at  the superior and inferior 

limits of areal spreading. Here we come across the 

highest variations of the growth curves because of the 

strong influence of altitude and exposition. At the 

superior altitudinal limit, the temperature is the main 

limitative factor for growth and its value is modified by 

exposition. At the inferior altitudinal limit, the quantity 

of water available is the main limitative factor for 

growth and its value is also in strong correlation with 

exposition. In optimum elevation classes, the influence 

of these factors is low and the growth follows the 

natural trend.  
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