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Abstract 

Spruce (Picea abies (L.) Karst) is an important forest tree species in Romania, occupying approximately 24% of the total 
forest area. Due to its variable temperament, the spruce is generally considered a semi-shadow species. Through the research 
carried out in Valea Ierii (N-W of Romania), the response of spruce was evaluated according to different microstational 
conditions (e.g. exposure, altitude, density etc.), in nine sample plots, each of them with a surface of 500 m2, on a total area of 
10 hectares. There were noted interaction responses to several ecological factors. Results showed that the trees with South-
West exposure and at an altitude of 1,200-1,370 m have accumulated the largest amount of biomass, showing significant 
differences from the trees exposed on North-East plots and at altitudes comprised between 1,170-1,380 m. Behavioural 
differences regarding growth and biomass accumulation capacity was statistically ascribed to slope exposition, which was 
therefore considered as principal factor regulating landscape function of the forest, with a strong ecological impact. In the 
whole set of populations, the response function varied considerably within the S-W expositional plots compared to the N-E  
plots exposition, but without significant differences related to trees density and altitudinal level. Because all stands under study 
were pure, composed of even-aged spruce trees, differences may be related to a range of habitats as geosystem and/or geofacies 
levels, respectively altitudinal forest, exposition, density and other local conditions. The superior growth of the trees on the S-
W exposition slope was explained due to the young stage of the spruce, and the trees preference until this age for sunny and 
more dried conditions. Probably, in the next years, the trees’ evolution will confirm that the spruce prefer low temperatures, 
low insolation inside the forest, high and permanent humidity. Further spatio-temporal analysis will be useful for reliable 
hypothesis to be inferred as functions of the forest, but also landscaping, depending of the trees’ age and ecological conditions. 
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Introduction 

Picea abies, known as Norway spruce, is an evergreen 
conifer, widely spread throughout Central Europe. In 
Romania, it represents approximately 23.4% of the total 
forest area and 77% of the country’s conifers respectively 
(Budeanu and Şofletea, 2013).  

Spruce is a species of excessive continental climate, its 
growth being significantly conditioned by temperature 
(Heide, 1974; Barber et al., 2000; Way and Oren, 2010). 
Due to its variable temperament, spruce is generally 
considered a semi-shadow species (Gou et al., 2005).  

P. abies is a fast-growing, hardy and productive tree, well 
appreciated for its wood yield (Song et al., 2009). It is one of 
the economically important species in Central Europe and 

Northern Europe (Čermák et al., 2017). It is used as 
industrial timber, for construction and as pulpwood. A 
special quality is the occurrence of resonance wood, used for 
musical instruments (Ono and Norimoto, 1984; Echard et 
al., 2008). In earlier times P. abies was often planted on 
cleared land to provide timber and fuel wood. Today, many 
such Norway spruce forests provide considerable recreation 
and landscape value (Perstorper et al., 1995; Schneider et al., 
2003; O’Connell et al., 2006; Moore, 2011). In montane 
regions, Norway spruce is planted at low densities for 
protection the forests and erosion control (Rammig et al., 
2006).  

Seedlings’ growth is very slow during the first few years, 
whereas height growth increases after 5-10 years (Ununger 
et al., 1988; Feng et al., 2006). When juvenile, the trees are 
able to grow beneath the canopy of older trees, especially in 
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Muntele Mare Mountains and it includes crystalline peaks 
with heights of 1,000-1,600 m. 

Through the research carried out, the response of spruce 
was evaluated according to different microstational 
conditions (e.g. exposure, altitude, density etc.), in nine 
sample plots (Fig. 1), each of them with a surface of 500 m2  
(circular-shaped test surfaces with a radius of 12.61 m), on a 
total area of 10 hectares, situated on two sides of a valley: 
three plots were exposed on the S-W slope of the valley, 
while the rest (six variants) were on the N-E slope.  

All stands were pure, composed only of even-aged spruce 
trees, of approximately 35 years old. 

 
Study area - climate and pedological conditions 
From the climatic point of view, the territory under 

study is in the mountain climate sector, the middle 
mountain range, thus a favourable climate for forests 
(Costea and Stanciu, 2005). The average annual 
temperature is between 2 °C on the heights and 7 °C down 
in the Bondureasa valley. The average annual thermal 
amplitude is 19 °C. Relative air humidity has an average 
annual value of 80%. The local and zonal climate in the 
upper part of the study area has precipitations up to 1,200 
mm and the average temperature of the vegetation season is 
7 °C, while the lower part of the area has an average rainfall 
of 600 mm and the mean temperature is 16 °C.  

The soils identified on the mountain layer of spruce are 
acidic, brown and sub-brown (Costea and Stanciu, 2005). 
Typical brown acid soil (S-W exposition) is spread in the 
mountain area at altitudes between 1,080 m and 1,420 m. It 
is formed on parental material resulting from the 
disaggregation and alteration of acid eruptive and 
metamorphic rocks, under cool and humid climates with 
annually precipitation of 900-1,200 mm and annual aridity 
index over 45 DMI - De Martonne aridity index (specific to 
wet climate, being between the recon limits of 30-60 DMI) 
(Berthelin, 1985). Typical brown soil (N-E exposition) is 
found in the upper mountain range, in spruce habitat. It is 
found on substrates poor in calcium minerals, on 
conglomerates, crystalline shale and in soils with clay 
content below 30%. The climate is moist and cold 
throughout the year, characterized by annual average 
temperatures of 3-6 °C, precipitations over 1,000 mm and 
the aridity index over 55 (Smith, 1957). 

The limiting factors in these resorts are soil temperature, 
nutrients, edaphic volume, air temperature, acidity, excess 
soil humidity (in the case of hydromorphic soils), excessive 
slope, large skeletal content. 

 
Parameters for analysing tree growth and wood quality 
The study method was based on direct field 

measurements and observations collected from different 
areas of the unit, depending on trees’ exhibition and slope 
(three surfaces along the South-Western (S-W) direction 
and six North-Eastern (N-E) exhibitions were located at the 
base, middle and top of the slope respectively). 

The measurements and observations concerned both 
quantitative characters, that determine the production of 
wood, such as diameter of 1.30 m, the total height of trees, 
the base surface of the trees and the volume of the tree on 
the foot, as well as characters that determine wood quality, 
such as crown diameter, elongated height, quality class, 

stands on fertile soils. Under such conditions, the trees are 
also able to grow in the second or mid-storey of mixed 
stands (Pretzsch, 2005).  

If grown throughout the juvenile stage under low light 
or shade conditions, P. abies is not able to adapt well to 
increased light conditions (Day et al., 2001). P. abies can be 
susceptible to wind and snow damage. In particular, young 
trees, monoculture and even-aged stands and trees with a 
high height/diameter ratio may be in danger. Consequently, 
spruce is a species most prone to biotic and abiotic damage 
(Čermák et al., 2017; Andreassen et al., 2006). 

Summer temperature is considered as a dominant 
growth-determining factor (Čermák et al., 2017; Mäkinen 
et al., 2001, 2002; Solberg et al., 2002; Andreassen et al., 
2006;). Its limiting influence is more pronounced if summer 
drought is combined with a poor soil water supply. Climatic 
conditions play an important role also during several stages 
of the reproductive process (Selås et al., 2002). Seed 
development and maturation require high accumulated 
temperature sums during the summer and early autumn. P. 
abies does not require a high level of soil nutrients, although 
a good supply of nitrogen, phosphorus and potassium will 
ensure good growth (Selås et al., 2002). 

In fertile soils, with sufficient humidity in the 
atmosphere, spruce is less demanding for light; in such 
conditions, it behaves like a shade species, having a good 
development under higher trees shelter, especially in the 
early years of vegetation. This behaviour can be noted 
especially to the lower limit of its vegetation area, the lower 
spruce substation, or in the external areas of spruce stands, 
within the level of mix resinous species or resinous with 
beechwood (Man and Lieffers, 1997). In such protected 
areas, spruce has favourable conditions of temperature and 
humidity, and thus the bioactive period is longer compared 
with its specific vegetation floor. On the contrary, on some 
Northern slopes and to the upper limit of spruce vegetation 
level, this species tolerates, within narrow limits and shorter 
time, the lack of light, thus spruce behaving like a light 
species (Şofletea and Curtu, 2001; Șofletea et al., 2012). In 
addition, Ponocná et al. (2016) considered that growth 
trends and climate responses of forest trees along elevation 
gradients are not fully understood. 

Although Norway spruce exhibits good yield and wood 
quality performance on different site conditions, it is 
important to know the specific requirements of trees, 
depending on the local ecological and microstational 
conditions. This was the aim of the hereby research, because 
a good knowledge of the trees’ response to specific 
conditions, including growth trends and climate responses 
of forest trees, along with the altitudinal gradients (Ponocná 
et al., 2016), would allow the choice of optimal solutions in 
forest management. 

 

Materials and Methods  

Description of the study site 
The study material consisted of the spruce trees existing 

within the Valea Ierii (N-W of Romania), IV Bondureasa 
production unit. From the geomorphologic point of view, 
the territory on which the production unit is located 
belongs to the Apuseni Mountains, namely Gilaului and 

583 



Plesa I et al / Not Sci Biol, 2017, 9(4):582-588 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

584 
estimation of the insertion angle of the branches on the 
trunk, estimation of how strain the stem is. 

The diameter was measured according to the method 
described by Giurgiu (1979), at a height of 1.3 m, using a 
forest clump manufactured according to STAS 3643/73. 
The accuracy of measuring diameters was of 1 cm. 

Determination of tree height was done with a 
dendrometer, while the diameter of the crown was 
determined by direct measurement with roulette, of its 
projection on the ground, with a measuring accuracy of 0.5 
m. The value of the insertion angle of the branches on trees’ 
trunk was measured using a reporter, as it is well known that 
this angle affects the growth, flowering and fructification 
(de Reffye et al., 1988; Seifert, 1999). 

The base area of the trees was calculated with the 
following formula: 

g = πr2 = πD2/4 = 0,785 × D2, 
where: g - base area of the cross-section; r - radius of the 

circle corresponding to the base surface; D - diameter of the 
circle (transversal section). 

The volume of the tree, seen as the quantity of wood in 
the trunk, excluding crown volumes and the volume of 
roots, these latter two parameters not being part of the 
subject of the hereby study, was calculated as follows: 

V = πD2/4 × H × f = 0.785 × D2 × H × f = g × H × f, 
where: V - tree volume; D - tree diameter; H - total 

height of the tree; f - shape coefficient. 
The health condition of the trees was appreciated 

according to the affected part of the spindle (as percent) and 
visually noted as follows: 1 - Healthy ~ 0%. 2 - A little 
affected in the upper third ~ 0.1-15.0%. 3 - Affected in the 
upper and middle part ~ 15.1-25.0%. 4 - Affected in the 

middle and base ~ 25.1-50.0%. 5 - Affected more than 50%, 
respectively ~ 50.1-100.0%. 

The framing of trees in quality classes was made by visual 
appreciation, taking into account the proportion of working 
wood by a scale of 1-4 (1- very good; 4- very poor). The trees 
that had more than 60% of their height (from the ground 
till the top of the crown) as working wood were framed in 
the first grade of quality (note 1). The framing of the trees in 
quality classes also took into account their defects 
(curvature, bifurcation, rot, etc.), the size of the defective 
parts and the position of the respective portion along the 
spindle. 

 
Statistical procedures 
The individual values of all trees per each plot under 

study were computed as mean per variant, depending on 
exposition and altitude. Using the experimental model as a 
completely randomized design with nine variants, one-way 
ANOVA was used in order to illustrate the significant 
differences. Duncan’s New Multiple Range Test was used to 
compare trees’ growth and wood quality within each 
exposition and altitude (SD5%). 

 

Results  

There were noted interaction responses as a result of 
different action of all ecological factors (Tables 1 and 2). 
Because all stands under study were pure, composed only of 
even-aged spruce trees (approximately 35 years), differences 
may be related to a range of habitat factors such as 
geosystem and/or geofacies levels, respectively altitudinal 
forest, exposition, density and other local conditions. 

 
Fig. 1. The location of the spruce sample plots, depending on the local environmental conditions 
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In general, wood-based growth and biomass storage 
elements were superior to trees on the S-W exhibition plots 
(Table 1). The main characters of biomass accumulation 
showed significantly higher differences in three variants, 
respectively the plots with S-W exposure, compared to the 
six variants on the N-E exhibition. 

In particular, for the height and volume of the trees, 
close values were recorded in the three sample plots located 
on the S-W exhibition, between 17.8 and 18.4 m for the 
height of trees and 0.20-0.21 m3 for the volume respectively 
(Table 1). These have constituted a relatively homogeneous 
group, the trees accumulating up to the date of 
experimentation a higher amount of biomass compared to 
those on the N-E exhibition. A similar situation was noted 
also for the diameter of the trees and the base surfaces 
(Table 1). 

The amplitude of the variation between the plots was 
quite large for the analysed characters, the height of the trees 
as mean values on the plots oscillating between 15.5-18.6 m, 
the diameter of the trees between 14.9-17.2 cm, the crown 
diameter between 1.3-2.0 m, the base area between 174.9-
232.4 cm2 and tree volume between 0.14 and 0.21 m3 
(Table 1). 

The tree quality class recorded average values in the 9 
sample markets ranging from 1 to 1.7, the trees exhibiting a 
high proportion of working wood (Table 2). Variant with 
N-E exhibition at 1,130 m altitude was the weakest in terms 
of quality, due to a poor vegetation and health conditions, 
but also influenced by the deformations occurred, thus 
directly influencing the quality of the trees. 
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Coefficient of slenderness was comprised between 1.035 
(Variant 3) and 1.123 (Variant 1), while insertion angle of 
branches had close values (80.1° - Variant 8 and 90.2° - 
Variant 4), all close to the value of the right angle (Table 2). 
The high value of affected trees on the variant 7 (N-E, at 
1,130 m) strongly influenced the coefficient of variability of 
this trait, compared to others traits calculated within the 
experiment (Fig. 2). 

 While all the characteristics of growth and biomass 
accumulation, as well as those referring to wood quality of 
spruce trees in the nine plots under study, had a low 
coefficient of variation (small - under 10% or eventually 
medium - between 10-20%), for vegetation and the health 
of the trees, variation was very high (CV = 72%).  

Because of the low level of vegetation and varietal 
qualities in Variant 7, whereas the ecological conditions, 
respectively pedological and climatic conditions are not very 
much different at the geofacies system, as the elementary 
unit of landscape in the studied area, respectively exposure 
and altitude, new approach was taken into consideration. 
The hypothesis of a poor quality planting material used in 
the respective forest area is much more probable. 

 

Discussion 

The discrimination between response functions among 
the studied plots (for traits as height of the trees, trunk and 
crown diameter, natural pruning, angle insertion on the axis 
of the branches, straightness trunk, vegetation status etc.) 
could be based on microstational conditions (Figs. 3 and 4).  

Table 1. Elements of the growth and biomass accumulation of the spruce trees (Picea abies) in nine plots, depending on the exposition and altitude 

Nr. 
Var. 

Variants 
(exposition, altitude) 

Height of trees 
(m) 

Diameter at breast 
height at 1.30 m (cm) 

Crown diameter 
(m) 

Tree basal area 
(cm2) 

Tree volume 
(m3) 

1 S-W, 1200 m 18.4 a 16.4 bc 2.0 a 211.8 bc 0.20 a 
2 S-W, 1370 m 18.6 a 16.7 ab 1.6 b 219.0 ab 0.21 a 
3 S-W, 1250 m 17.8 a 17.2 a 1.5 b 232.4 a 0.21 a 
4 N-E, 1170 m 16.6 b 15.8 cd 2.0 a 195.5 cd 0.17 b 
5 N-E, 1380 m 15.8 bc 15.1 de 1.5 b 179.7 de 0.15 bc 
6 N-E, 1230 m 16.3 bc 15.7 cd 1.5 b 192.4 de 0.16 bc 
7 N-E, 1130 m 15.8 bc 15.1 de 1.9 a 179.8 de 0.15 bc 
8 N-E, 1280 m 15.8 bc 15.1 de 1.4 b 178.2 de 0.15 bc 
9 N-E, 1350 m 15.5 c 14.9 e 1.3 b 174.9 e 0.14 c 

 

Table 2. Elements of the wood quality and vegetation of the spruce (Picea abies) in nine plots, depending on the exposition and altitude  

Nr. 
Var. 

Variants 
(exposition, altitude) 

Quality wood class 
(scale 1-4) 

Coefficient of slenderness 
(m*cm-1) 

Insertion angle of 
branches (°) 

Vegetation /  
Trees health 

1 S-W, 1200 m 1.0 d 1.123 a 87.6 ab 0.0 b 
2 S-W, 1370 m 1.5 bc 1.113 a 89.2 ab 2.3 ab 
3 S-W, 1250 m 1.2 cd 1.035 b 88.2 ab 6.2 b 
4 N-E, 1170 m 1.3 c 1.054 b 90.2 a 4.5 ab 
5 N-E, 1380 m 1.4 bc 1.041 b 85.8 ab 9.0 ab 
6 N-E, 1230 m 1.6 ab 1.040 b 84.9 ab 5.6 ab 
7 N-E, 1130 m 1.7 a 1.047 b 81.7 ab 14.2 a 
8 N-E, 1280 m 1.4 bc 1.048 b 80.1 ab 5.8 ab 
9 N-E, 1350 m 1.4 bc 1.041 b 86.9 a 3.5 ab 
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Results showed that the trees with South-West exposure 
and at an altitude between 1,200-1,370 m belonging from 
three plots, have accumulated the largest amount of 
biomass, showing significant differences from the trees of 
the rest of six plots exposed on North-East and at altitudes 
comprised between 1,170-1,380 m. 

Behavioural differences regarding growth of the trees 
and biomass accumulation capacity was statistically ascribed 
to slope exposition, which was therefore considered as 
principal factor regulating landscape function of the forest, 
with a strong ecological impact; in regard to this peculiarity 
(slope exposition), the geosystem has integrated two main 
geofacies related to the forest analysed areal, S-W and N-E 
slopes respectively. In the whole set of plots, the response 
function varied considerably within the S-W expositional 
plots compared to the N-E  plots exposition, but without 
significant differences related to trees density and altitudinal 
level. 

When pooled over all plots with different ecological 
conditions there were no significant and positive linear 
relationship between altitude and the height of trees, 
respectively between altitude and the diameter at the breast 
height of the trees (Fig. 5). 

The growth of spruce along a valley in a relative small 
area reflects the differences among the parcels situated in 
diverse conditions of altitude and expositions (Li et al., 
2003). For all quantitative and qualitative traits studied 
were registered significant differences among the plots, 
whereas the most probable explanation for such results 

would be the interactive effect of ecological conditions at 
geosystem and geofacies level (soil and microclimate) 
(Mäkinen, 2002). Soil and microclimate influence on the 
spruce growth, wood quality of the trees or other important 
parameters for spruce have been observed also by Voicu and 
Comeau (2006), Fravolini et al. (2016) etc. 

The variation of the traits depending on trees density 
has been very similar on both sides of the valley, but the 
average for the trees quality classes on the three S-W plots 
exposition (1.2) was much closer to class I (the best quality), 
compared with the average of the six N-E plots exposition 
(1.5). The excellent landscape value and aspects (Fig. 6) of 
the area has suffered only in one plot from among nine 
under study. Trees degradation and poor health can be 
consequences of specific conditions (abiotic stress factors) at 
a small-scale landscape, probably even at geofacies rank, but 
were also probably due to a low quality of genetic seedlings 
(Oleksyn et al., 1998) used in plantation. 

Under conditions of climate change and in regard with 
the capitalization of less favourable or stressful areas for 
spruce growth, the creation of genotypes resistant to biotic 
and abiotic stress factors (Schiop et al., 2015) remains 
topical. Genetic resources represented by natural stands or 
even plantations can provide the chance to identify such 

 

Fig. 2. Coefficient of variability (CV%) for the analysed traits 
of spruce trees (Picea abies), calculated in ensemble for nine 
plots with different exposition and altitude 
 

 

Fig. 3. The influence of altitude and density of spruce trees on 
the height of trees 

 

Fig. 4. The influence of altitude and density of the spruce trees 
on the quality wood class 
 

 

Fig. 5. Equation of regression between altitude (in ‘m’, O-X 
axe) and height of trees (with blue, in ‘m’, O-Y axe), 
respectively diameter at breast height of the trees (with red, in 
‘cm’, O-Y axe) for the spruce trees 
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genotypes, resistant or at least tolerant to various stress 
factors, including frost, drought or salinity (Schiop et al., 
2015, 2017). 

The conditions for forest growth on S-W exposition 
were more favourable than they were along the N-E, but 
maybe this was even more accentuated by the young stage of 
the forest. The growth level of the trees may in fact improve 
over a longer term.  

However, the current study revealed the importance of 
the well fitted genotype in interaction with ecotype. Such a 
database would be also useful for establishing the most 
convenient and efficient use of a forest or a specific unit, 
including the landscape value and possible income 
generating activities (such as tourism, guided tours, 
phytogeography studies etc.). 

Conclusions 

The superior growth of the trees on the S-W exposition 
slope was explained due to a young stage of the spruce, and 
the trees’ preference until this age for sunny and more dried 
conditions. Probably, in the next years, the trees’ evolution 
will confirm that the spruce develops well at low 
temperatures, low insolation inside the forest, high and 
permanent humidity. Further spatio-temporal analysis will 
be useful for reliable hypothesis to be inferred as functions 
of the forest, but also landscaping functions, depending of 
the trees’ age and ecological conditions. 
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