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Abstract       Variability of growth series statistical parameters was analyzed 
for three species: fir, beech and spruce . The stands from which the species 
have been studied are located in northeastern Romania. The covered area 
was between 45 degrees northern latitude and 48 degrees northern latitude 
and 25 degrees eastern longitude and 28 degrees eastern longitude. For fir, 
36 stands were analyzed from which 422 samples were taken. For beech, 52 
stands were analyzed from which 580 samples have been taken. For spruce, 
102 stands were analyzed from which 1253 samples have been taken. The 
stands are part of the National Forest Inventory. The samples were 
processed, measured and for each stand a growth series was calculated.  
Correlation study showed that, at the extremes of altitudinal range, 
approximately equal to the limits of the natural area of distribution of the 
studied species, the correlation between the growth of trees is higher. The fir 
has a high correlation between the trees in the stands in four points. They are 
located at low elevations, 600 -700 m, in the center of Suceava and western 
half  of Neamt county. Correlation study on beech showed that this is quite 
low in large areas of the study area . The highest values are found in the 
eastern half of Suceava county. The highest correlation values are found in 
stands with spruce located at high altitudes in mountain areas of Suceava and 
Neamt . 
The fir has the highest radial growth in the studied area. The average size of 
all stands annual ring is 2.68 mm. The average size of annual ring for all 
stands with spruce is 2.58 mm. Beech has the lowest average radial growth of 
all stands - 2.08 mm. 
The standard deviation is related to the size of the annual ring. The natural 
tendency is to achieve smaller variations at low altitudes, higher variations at 
average altitudes and lower variation of the annual ring at high altitudes . 
Higher variations are recorded at fir, smaller at  beech and average at spruce. 
Autocorrelation has lower values of coniferous species studied, these species  
maintain the growth momentum of the previous year more than beech. The 
study of the autocorrelation related to the altitude varies from species to 
species. 
Average sensitivity to climatic factors has the lowest value for spruce: 0,181. 
Spruce is the least demanding studied species to environmental conditions. 
The highest average sensitivity is determined for beech with a value of 0.291. 
Fir falls in the middle with an average sensitivity of 0.215. Both fir and beech 
are demanding species to environmental conditions.   
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Trees growth is controlled by a series of 

endogenous and exogenetic factors which through 

plants physiological process leave their mark upon 

growth. Ligneous plants exhibit a great variety of 

genetic traits which bring about morphological features 

as size, crown and trunk, foliage, longevity. In addition, 

the genetic traits determine also plants capacity to 

resist to environmental factors. The interaction 

between genetic traits and environment led to the 

plants symmetric distribution on the earth surface
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

. 

mailto:lupescu.mihai@gmail.com


 41 

The formation of the annual tree ring is a direct 

consequence of tree growth. It bares the mark of annual 

seasons variation from the temperate zone which 

includes a period without growth. The formation of the 

annual tree ring depends on the species and location 

where it grows and evolves
25

. 

The objective of this study was to analyze 

environmental factors as altitude, exposition and 

latitude with the aim to demonstrate their influence 

over fir, beech and spruce growth. 

 

Material and Methods 

 
The research was conducted on area of several 

counties in the north-eastern Romania. Stands are 

located across the counties of Suceava, Neamt, Bacau, 

Bistrita Nasaud, the eastern and Harghita county, the 

western part of the counties of Botosani and Vaslui. 

Stands studied area ranges from 45 degrees north 

latitude to 48 degrees north latitude and 25 degrees east 

to 28 degrees east longitude. The stands are part of the 

National Forest Inventory. It uses a grid-type network 

with side equal to 4 km. Were chosen for this study 

tree species: fir, beech and spruce because of their wide 

spread, which enables extensive study of the 

influencing growth factors. Selection criteria for 

studied stands in the study area has been the one that 

the species collected in a stand at least ten growth 

samples. The area studied for each species is 

determined by the specific environmental requirements. 

Retrieving each species in a studied stand relate 

directly to environmental conditions. Figure 1 

represents the geographic distribution of stands.

 

 
Fig. 1.  Geographic distribution of stands 

 

Among the studied species, the lowest elevation 

amplitude has fir which is found in stands located from 

500 m to 1100m. An amplitude equal to the number of 

altitude classes have beech and spruce, but the beech is  

meet in the stands located at altitudes from 200 m to 

1200 m altitude and spruce occurs in stands situated 

from an altitude of 600 m up to altitudes of 1600 m. 

Altitudinal distribution of the number of harvested 

samples for  each species  is presented in table 1.

 

Table 1 

Altitudinal distribution of the number of harvested samples for  each species 

Altitude 

class (m) 
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 

Fir    10 70 77 105 81 55 24      

Beech 10 45 100 120 46 88 57 51 31 20 10     

Spruce     11 35 62 238 205 208 162 145 132 27 38 

 

In terms of slope exposition, the stands of the 

three species have a relatively equal distribution in the 
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two exposition categories used,   only in the case of fir, 

the southern exposition holds about 2/3 of the total 

number of stands. 

The average age of the fir is 67 years, the 

average age of the beech is 94 years and the average 

age of the spruce is 70 years. 

For fir were analyzed 36 stands from which a 

number of 422 growth samples have been harvested. 

For beech were analyzed 52 stands from which a 

number of 580 growth samples have been harvested. 

For spruce were analyzed in 102 stands from which a 

number of 1253 growth samples have been harvested. 

Samples were processed, measured and it was prepared 

for each stand a growth series for each studied species. 

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. 

The width measurement of the anual tree ring 

was done with the help of the programme Coorecorder. 

The precision offered by the programme is of 0,01mm. 

For the primary data processing, the measurements 

were introduced in the programme C – dendro where 

the sampling year was given. The next step was the 

cross dating process for attributing each ring to its 

formation date. The cross dating process was 

accomplished in two stages. In the first stage a primary 

cross dating was done with the help of the Coorecorder 

programme by comparing each growth curve with a 

growth reference curve calculated from the total of 

growth curves,  for each species separately. The 

analysis was done on segments, both visually as well as 

with the help of correlation coefficients, automatically 

calculated by the programme. It was specially insisted 

on the period proposed for study (2008 – 1958). The 

second cross dating stage was done with the help of the 

Cofecha programme. On the base of the hints offered 

by the programme, checkouts were done over the 

measurements and corrections were made in the case 

when these proved to be real. The growth samples 

which measurements didn’t reasonably correlate with 

the stand (correlation coefficient <0,2), were excluded 

from the study. 

The processing of growth series was done with 

the help of Arstan programme. Through statistical 

processing with Arstan 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 width value of 

the measured annual tree ring from the 

dendrochronological series, the maximum width value 

of the measured annual tree ring from the 

dendrochronological series, the maximum year from 

the dendrochronological series, the average value of 

annual tree rings width, variance, the standard 

deviation, average sensitivity, first degree 

autocorrelation, correlation. 

The above mentioned parameters were calculated with 

the help of the information programme Arstan. Also 

with the help of this programme it was achieved the 

standardization of growth series. The growth series 

standardization implies the procedure of transforming 

the chronological series, representing the size of the 

annual 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. 

For standardizing the growth series it was used Arstan 

programme. The 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. 

 

Results and Discussions 

 
Average correlation between trees in a stand  

has a value close to 0.473 for beech and spruce. 

Correlation study to show the same trend for the two 

species: it is greater at low altitudes, decreases in the 

middle altitude classes, and then increases towards the 

end of the studied altitude range.  

The figure 2 shown correlations for the three 

species studied with trend lines for the elevation 

classes where these species were found.
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Fig. 2 The correlation study depending on altitude (Br - fir; Fa - beech; Mo - spruce) 

 

Correlation study showed that, at the extremes 

of altitude range studied, approximately equal to the 

limits of the natural distribution area of the studied 

species, the correlation between the growth of trees is 

higher. This is explained by way of habitat limiting 

factors are influencing trees growth, and the other 

factors are having a lower influence. In optimal growth 

and development altitude classes, the trees do not react 

in a uniform way because the influence on the radial 

growth is diverse and heterogeneous. The fir has a 

different tendency from the other two species studied. 

This result may be due to the fact of insufficient data (a 

reduced number of stands means a reduced growth 

sample). 

Regarding the average size of the annual ring, 

the largest radial growth recorded is for fir in the 

studied area. The average annual ring size of all stands 

is 2.68 mm. In distribution of altitudes classes, fir also 

recorded the highest values of radial growth. The 

following specie, in terms of the size of radial growth, 

is the spruce. The average annual ring size of all stands 

is 2.58 mm. In the distribution of elevation classes is 

situated below the value of fir radial growth. Beech has 

the lowest average radial growth of all stands. Its value 

is 2.08 mm. The average by class altitude distribution 

below fir and spruce. 

The figure 3 shows the average sizes of annual 

radial growth for the three studied species with trend 

lines for the elevation classes where these species were 

found.

 

 

 
Fig. 3 The radial growth study depending on altitude (Br - fir; Fa - beech; Mo - spruce) 
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As can be seen, the three species studied have 

the same trend in radial growth. The natural tendency 

is to make smaller ring sizes at lower altitudes, higher 

ring sizes at middle altitude and lower growth in 

diameter at high altitudes of the studied area. As 

expected, the in the optimum development, the studied 

species have the highest growth and to the extremes of 

the studied area, they achieved lower growth. Average 

standard deviation is approximately equal to all the 

studied species. It's values are 0,695 for fir, 0.504 for 

beech and 0.684 for spruce. 

In the figure 4 are presented the standard 

deviations for the mean radial growth of the three 

studied species with trend lines for each elevation 

classes where these species were found.

 

 
 

Fig. 4 The standard deviation study depending on altitude (Br - fir; Fa - beech; Mo - spruce) 

 

The standard deviation is related to the size of 

the annual ring. The natural tendency is to achieve 

smaller variations in annual ring size at low altitudes, 

higher variations in annual ring size at middle altitude 

and lower variations in the annual ring size at high 

altitudes studied range. The largest dispersions 

recorded are for fir, smaller for beech and average for 

spruce. 

Average autocorrelation values are high for 

coniferous studied species, its preserves more of the 

growth momentum of the previous year than beech. 

Mean values are for fir 0.782, for beech 0.671 and for 

spruce 0.807. 

In the figure 5 is presented the autocorrelation of 

average radial growth from the three studied species 

with trend lines for the elevation classes where these 

species were found.

 

 

 
 

Fig. 5 The autocorrelation study depending on altitude (Br - fir; Fa - beech; Mo - spruce) 
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The study of the autocorrelation in relation with the 

altitude varies from species to species. For fir and beech, 

its values grow to extremes of studied altitude range. It 

seems that after a year with special conditions for growing 

trees at low and high altitudes will send stronger effect on 

growth the next year than those at medium altitudes. 

However, the effect is stronger at high altitudes than at 

low altitudes. However, the study indicated that spruce 

species react differently. Autocorrelation is strongest in 

the middle of the altitude range in it decreases towards the 

extremes of the studied range; spruce situated at medium 

altitudes will send stronger effect on growth in to the next 

year. 

Average sensitivity to climatic factors for studied 

species has the lowest value for spruce: 0,181. Spruce is 

the least demanding studied species to environmental 

conditions. The highest average sensitivity is for beech 

with a value of 0.291. Fir falls in the middle with an 

average sensitivity of 0.215. Both fir and beech are 

demanding species to environmental conditions. 

The figure 6 shows the average sensitivity values 

for the radial growth of the three studied species with 

trend lines for the elevation classes where these species 

were found. 

 

 

 
 

Fig. 6 The sensibility study depending on altitude (Br - fir; Fa - beech; Mo - spruce) 

 

 

As can be seen, the sensitivity of radial growth for the 

studied species have the same trend regardless of species. 

It's great to the extremes of studied area and lower for 

middle altitude classes. Low altitude located trees are 

more sensitive to lack of water, and those at high altitudes 

are more sensitive to thermal regime than those situated at 

medium altitudes. Although the trend is the same of the 

three species, the beech has a higher sensitivity that of the 

coniferous species that form a group with lower sensitivity. 

 

Conclusions 

 
Variability of annual ring was analyzed in three 

species: fir, beech and spruce. The studied stands are 

located in northeastern Romania. For fir, 36 stands were 

analyzed from which 422 samples were taken. For beech, 

52 stands were analyzed from which 580 samples have 

been taken. For spruce, 102 stands were analyzed from 

which 1253 samples have been taken. The stands are part 

of the National Forest Inventory. The samples were 

processed, measured and for each stand a growth series 

was calculated. Thru the analysis and processing, were 

achieved more results whose findings are listed below. 

Correlation study showed that, at the extremes of 

studied altitude range, approximately equal to the limits of 

the natural area of species distribution, the correlation 

between the trees growth is higher. Regarding the average 

annual ring, the largest recorded radial growth is for fir. 

The average size of the annual ring for all stands is 2.68 

mm. The following specie, in terms of the size of radial 

growth, is the spruce. The average annual ring size of all 

stands is 2.58 mm. Beech has the lowest average radial 

growth of all stands. Its value is 2.08 mm. The natural 

tendency is to make smaller rings in size at lower altitudes, 

higher rings in size at middle altitudes and lower growths 

at high altitudes. As expected, in the optimum 

development, the studied species have the highest growth 

and to the edges of the studied area, they achieved smaller 

increases in diameter. 

The standard deviation is related to the size of the 

annual ring. The natural tendency is to achieve changes in 

annual ring size smaller at low altitudes, variations in ring 
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size higher annual average altitude variations in the size 

range studied and annual ring lower at high altitudes. 

Dispersions largest recorded tree smaller beech and spruce 

environments. 

Average autocorrelation has lower values for 

coniferous studied species, them are keeping less of 

growth momentum of the previous year than beech. Mean 

values are 0.782 for fir, 0.671 for beech and 0.807 for 

spruce. The study of the autocorrelation in correlation to 

the altitude varies from species to species. For fir and 

beech, its values grow to extremes of altitude studied 

range. However, the study indicates that the spruce reacts 

differently. Autocorrelation is strongest in the middle of 

the altitude range and decreases towards the extremes of 

the studied range, so the spruce situated at middle 

altitudes will send stronger effect on growth the next year. 

Average sensitivity to climatic factors for the species 

studied has the lowest value for spruce: 0,181. Spruce is 

the least demanding studied species to environmental 

conditions. Beech with a value of 0.291, has highest 

average sensitivity. Fir falls in the middle with a value for 

average sensitivity of 0.215. Both fir and beech are 

demanding species to environmental conditions. 
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