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Abstract
The descendants of 33 Norway spruce seed stands were evaluated at 30 years after plantation time, in two field
trials established in different environmental conditions: outside of the natural range (ONR), at low altitude (Câmpina
trial), and in natural distribution area (INR  Gurghiu trial), in Romania. Evaluations have been made concerning the
most important growth, stem and branches characteristics: diameter at breast height (DBH), pruning height, pruning
height ratio, trees slenderness coefficient, crown diameter, crown slenderness index, branches diameter and branches
finesse. Highly significant differences (p < 0.001) were found among populations in both trials for most of the analysed
traits (except DBH). Significant differences between Carpathian branches were recorded for most of the analysed traits,
with a higher level in Câmpina comparative trial, suggesting different reactions of populations to the more adverse site
conditions existing in the ONR trial. For all of the analysed traits, the populations showed superior results from a forestry
point of view in the trial located in ecological optimum of Norway spruce (Gurghiu). Outside the natural range (Câmpina
trial), populations present high values for slenderness trees, crown diameter and branches thickness, which increases the
Norway spruce vulnerability to disruptive action of the abiotic factors such as wind and snow. Joint selection of Norway
spruce populations for quantitative and quality traits is contraindicated. The two-stage selection strategy is applicable in
this situation. Pruning height had the highest Q S T estimates.
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Introduction
In the countries with an advanced silviculture, comparative trials were established for the main forest species. A category of such trials includes the provenance
and progeny tests, assessing the growth traits (tree
height, diameter at 1.30 m, etc.), quality of the trunk and
crown traits (pruning height, diameter of branches, etc.)
and adaptive trait (survival rate). These traits are important for a better knowledge of the populations
adaptability to the change of the environmental conditions, knowing that Norway spruce is one of the most
vulnerable trees to the change of the climate conditions
(Stakënas et al. 2012). Also, these are traditional traits
studied in provenance trials.
In two field trials, one established in ecological
spruce distribution (Gurghiu), and the other located
outside of the Norway spruce natural distribution
range (Câmpina), 33 Norway spruce (Picea abies L.)
Karst) populations were tested, at 30 years after plantations time. Establishing of the trials outside of the
natural area was performed in the period when there
2014, Vol. 20, No. 1 (38)

was a strong trend for Norway spruce expansion in
Europe, in order to find out in a short time which are
the populations that show high capacity for growth
under different environmental conditions, and what are
the risks that might occur.
As a result of evaluations from this study, valuable populations will be classified as tested seed
sources. In the future, they will provide seeds with
superior genetic properties for afforestation in forest
sites with similar characteristics to those two experiments. In Romania, only tested seed sources are allowed for seed transfer from the region of origin to
other regions where they were tested. Using the forest reproductive material from tested populations will
help to increase the productivity and genetic diversity of forests.
At the same time, the data obtained will be complementary to those obtained in Norway spruce provenance trials established in various European countries (Bulgaria, Finland, France, Poland, Romania, Scotland, Sweden and Hungary), where many provenances originating from the Romanian Carpathians have
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performed well (Héois and Van de Sype 1991, Giertych
1993, Alexandrov and Stancova 1997, Matras 1997,
Naapola 1997, Karlsson and Hogberg 1998, Enescu and
Ioniþã 2002, Skr¸ppa 2005, Ujvari and Ujvari 2006).
The objectives of the present study are concerned
with the following topics:
Ø to analyse the performance of the 33 populations under different sites conditions, in trials established inside of the natural range (INR) and outside
of the natural range (ONR  at low altitude);
Ø to evaluate the behaviour of local provenances and the adaptability of the provenance 5-Moldovi,ta, which has been designated as standard IUFRO
provenance, in 1996;
Ø to determine how the populations originating
from different branches of the Romanian Carpathians
react under different sites conditions;
Ø to calculate the correlations between analysed
traits and between traits and the ecological gradients
of the seed stands origins.
Grouping populations by appurtenance to one of
the Carpathian branches was undertaken to identify
some common features of populations from the same
region. It seems that each Romanian Carpathians division has represented a distinct glacial refuge for
Norway spruce, which has generated some distinct
characteristics of populations in these areas: in the
Eastern Carpathians there are spruce trees with the
resonance wood characteristics, while in the Western
Romanian Carpathians the spruce ideotype with narrow crown was found.

Materials and Methods
Romanian Carpathians have a 3 degree northern
latitude (45-48) and 4.5 degrees eastern longitude (2226.5) extension, the northern branch being represented by the Eastern Carpathians while in south the
Southern Carpathians are found. The average altitude
is 1000 m in the Eastern and Curvature Carpathians,
1150 m in Southern and about 600 m in the Western
Carpathians. The Eastern Carpathians are characterized by an important volcanic chain (Oas, - Harghita),
in Western Carpathians extensive karst surfaces are
found, while in Southern the landscape is almost similar to the Alps. Some of the highest peaks of the entire
Carpathians (e.g. Moldoveanu = 2,544 m) are found in
the Southern Carpathians. Mean annual temperature
and precipitation are similar to the first three divisions
(3-6°C and 700-1000 mm rainfall), while in the Western
Carpathians the average temperature is slightly higher, ranging between 8 and 10°C.
The 33 seed stands were selected in Romanian
Carpathians in order to have at least one valuable
2014, Vol. 20, No. 1 (38)
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population from each region of provenance (Table 1).
In the spring of 1980, Câmpina and Gurghiu trials were
established, using bulked seeds harvested from 10
trees for each of the 33 populations (Enescu and Ioniþã
2002). The ten trees were chosen based on their representativeness for the populations, and another criterion was to be growing at a minimum distance of at
least 50 m from each another. The aim was to encompass the diversity of the population and to avoid inbreeding.
Table 1. Location of the tested populations (Sofletea
et al.
,
2012)
Code
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Seed sources
(Region of provenance*)
Coºna (A)
Dorna Candreni (A)
Frasin (A)
Marginea (A)
Moldoviþa (A)
Stulpicani (A)
Nãsãud (A)
Prundul Bârgãului (A)
Rodna (A)
Sânmartin (A)
Topliþa (A)
Gurghiu (A)
Sovata (A)
Tarcãu (A)
Comandãu (B)
Nehoiu (B)
Nehoiaºu (B)

Altitude [m]/
latitude [N]/
longitude [E]/
1025/47°28/25°10
990/47°17/25°05
755/47°28/25°48
670/47°49/25°50
855/47°39/25°34
985/47°22/25°46
1210/47°28/24°25
1290/47°05/24°45
890/47°26/24°50
900/46°13/25°57
910/46°45/25°20
1225/46°45/24°50
1190/46°40/25°05
930/46°54/26°06
1150/45°45/26°20
1120/45°37/26°30
1080/45°30/26°10

Code
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Seed sources
(Region of
provenance)
Braºov (B)
Azuga (B)
Domneºti (C)
Orãºtie (C)
Bistra (C)
Voineasa (C)
Retezat (C)
Bozovici (D)
Vãliug (D)
Beliº (E)
Turda (E)
Beiuº (E)
Dobreºti (E)
Sudrigiu (E)
Câmpeni (E)
Gârda (E)

Altitude [m]/
latitude ]N]/
longitude [E]/
1020/45°35/25°35
1210/45°28/25°40
650/45°11/24°49
680/45°43/23°16
1350/45°35/23°45
1410/45°17/23°55
970/45°27/22°51
600/44°57/21°59
940/45°12/22°02
1210/46°32/23°02
1200/46°33/23°02
520/46°52/22°23
510/46°53/22°20
1050/46°31/22°35
1237/46°25/23°10
1295/46°29/22°55

* Region of provenance established in Romania: A  Eastern
Carpathians; B  Curvature Carpathians; C Southern Carpathians; D  Banat Mountains; E  Apuseni Mountains; D+E 
Western Romanian Carpathians

The Câmpina trial was established outside of the
Norway spruce natural range, in Curvature Subcarpathians region, at 570 m altitude (300 m below the
lower altitudinal limit of spruce). The geographical
coordinates of the testing site are: 45°1111 N and
25°4847 E. The average annual temperature is 9.3°C
while the mean annual precipitations are 645 mm (ANM
2011). The Gurghiu trial is located within the Norway
spruce natural distribution, in Eastern Carpathians, at
an altitude of 1000 m, in the mountainous mixed stands
vegetation. The geographical coordinates of the testing site are 46°4813 N and 25°0358 E. The average
annual temperature is 5.7°C, and the value for mean
annual precipitations is 810 mm (ANM 2011).
In both trials the experimental design was an incompletely balanced square grid design, type 6 × 6,
with 3 replications and 49 seedlings per plot planted
at 2 × 2 m spacing (Sofletea
et al. 2012).
,
According to the IUFRO recommendations (Lines
1967), in each unitary plot (33 populations plus three
populations which are repeated for covering the experimental design) ten trees were assessed. Consequently, the number of trees from each population
measured in every trial is 30. The trees were randomly
chosen after a pre-set schedule.
ISSN 2025-9230
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X ijk = m + a i + b j + g k + eijk
where: m is overall average value, ai is component of
i th population (i = 1...a), bj is component of jth replicate (j = 1...b), g k is component of k th group (Carpathians branches) and e ijk is random error affecting ijk
plots.
The population × location interaction and the influence of test site variation were estimated using the
bifactorial ANOVA model (Nanson 2004):
X ijk = m + ai + b j + g k + ab ij + bg ik + e ijk
where: m, ai and g k are as above, b j is component of
j th locations (j = 1...b), ab ij is interaction of ith population with jth location, bg jk is interaction of k th group
with j th location. The variance components (%) were
also estimated using Statistica, ML method.
The level of significance was established using
Fishers (F) test. Pearson simple correlations between
analysed traits and between traits and the geographic data of the population origins, were also determined.
The corrected latitude takes into account both latitude
and altitude according to Viersma (1962): Le = L+A/
100. One hundred meters difference in altitude is equal
to a difference of one degree in latitude.
To estimate the quantitative genetic differentia2014, Vol. 20, No. 1 (38)

tion among populations, for all of the analysed traits,
QST coefficients were calculated, using the formula
proposed by Morgan et al. (2005):
Q ST =

s2b
s + 2s2w
2
b

where σ b 2 and σ w 2 are the between and within populations genetic variances.

Results
Diameter at breast height (DBH)
The average value of DBH in the Câmpina comparative trial is 16.0 cm, while the value of this trait is
8% higher (17.3 cm) in the trial installed in the species optimum (Gurghiu). The Nehoiu population, the
most valuable in Câmpina, ranks 2nd at Gurghiu and
the Turda population (ranked first in Gurghiu) registered the highest value for the DBH also in the Avrig
trial (Budeanu et al. 2012a). However, significant correlation between the populations of the two trials could
not be detected (Figure 1).
18
r = 0. 21 , p > 0 .0 5

Figure 1. DBH of the
populations for Gurghiu
against Câmpina trials; r
= correlation coefficient,
p = significant level

DBH Campina, cm

The following traits have been measured for 1080
trees per comparative trial:
- Diameter at breast height (DBH) and diameter at
2.2 m (D) from the ground, immediately below to the
nearest whorl;
- Tree height (TH) and pruning height (PH), using a Vertex III instrument;
- Crown diameter (CD), by measuring the ground
projection of crowns in two perpendicular directions
(N-S and E-V);
- Dominant branch diameter (DBD), in whorls situated at 2.2 m from the ground, measured with the
electronic callipers. In order to ensure the accessibility in the trials dry branches below the height of 2.2
m were removed.
The following derived traits were also calculated:
- Tree slenderness coefficient: TSC = TH / DBH;
- Pruning height ratio: PHR = (PH / TH)  100;
- Crown slenderness index: CSI = TH / CD;
- Branches finesse: BF = (DBD / D)  100.
The normal distribution was checked with the
Kolmogorov - Smirnov test and Levenes test was used
to assess variance homogeneity for applying ANOVA.
Applying ANOVA test, the variance components were
estimated under the influence of populations, groups
and replications well as the residual variance. The mathematical-statistical model of analysis was developed
starting from the one recommended by Nanson (2004):

17

16

15
16

17

18

19

20

D B H G u rg h iu , c m

While for the Câmpina experiment the six most
valuable populations originate from the Curvature
Carpathians (67%) and in the Southern Carpathians
(33%), the most valuable populations in the Gurghiu
test (placed in the Eastern Carpathians) originate
mostly from the Eastern Carpathians (67%). Therefore
the test established in the natural range of spruce
confirms the higher value of the populations originating in the Eastern Carpathians, also proven by the
Breþcu trial (Budeanu et al. 2012a), also located in the
species optimum, in the transition area between the
Curvature and the Eastern Carpathians.
The variance analysis (Table 2) in both trials resulted in non-insignificant differences between populations. However, in the Câmpina trial, the relatively
heterogeneous conditions were reflected in the strongly significant differences (p < 0.01) between the three
replications.
The influence of testing site was strongly significant in the Câmpina trial and the populations originatISSN 2025-9230

39

BALTIC FORESTRY
M. BUDEANU ET AL.

AMONG-POPULATION VARIATION IN QUALITY TRAITS /.../ WITH PICEA ABIES L.

ed from different Carpathian branches performed differently in this trial but not in the other trial (Table 2).
In the joint analysis of the two trials the effect of
locality on DBH and all other traits was strongly significant (Table 3). The group × locality effect was significant while the group effect on DBH was non-significant.
Table 2. Results from ANOVA for the
diameter at breast height (DBH), tree
slenderness coefficient (TSC), pruning
height (PH), crown diameter (CD),
crown slenderness index (CSI) and
dominant branch diameter (DBD), of
Norway spruce populations in two
Romanian field trials. The Câmpina
trial is located outside the natural
range of Norway spruce

The population component of variance, for almost
all of the analysed traits, except pruning height, was
small. The interactions between individual trees (included in error) had much higher contributions to total variance (Figure 2).
In both experiments, the nearest provenances (19Azuga at Câmpina, respectively 12-Gurghiu, at Gurghiu)
Sum of Mean square
(s²)
squares

Fva lue

Sum of Mean square
(s²)
squares

38.4
6.1
21.5
6.5

5.89**
0.93
3.31*
-

11.6
369.4
45.9
7950.5

5.8
10.6
15.3
7.7

0.75
1.38
2.0
-

4682
10016
2213
140078

2341
286
738
135

17.3***
2.1***
5.5**
-

2187
7059
506
77465

1094
202
169
75

14.6***
2.7***
2.3
-

2
35
3
1039

1024.89
591.02
40.28
2515.85

512.4
16.89
13.43
2.42

212***
6.97***
5.55***
-

526.22
407.73
26.83
1537.63

263.11
11.65
8.94
1.50

175***
7.8***
6.0***
-

CD

Replication
Population
Groups
Error

2
35
3
1039

15.61
19.09
4.12
219.31

7.8
0.55
1.37
0.21

37***
2.58***
6.49***
-

8.71
27.39
3.00
284.38

4.35
0.78
1.00
0.27

15.8***
2.84***
3.6*
-

CSI

Replication
Population
Groups
Error

2
35
3
1039

17.17
57.52
8.59
433.93

8.58
1.64
2.86
0.42

20***
3.87***
6.85***
-

53.95
70.54
9.39
528.73

26.98
2.02
3.13
0.52

52***
3.9***
6.0***
-

DBD

Replication
Population
Groups
Error

2
35
3
1039

3.706
17.840
7.445
136.09

1.853
0.51
2.482
0.131

14.1***
3.9***
18.9***
-

1.562
5.103
0.377
118.2

0.781
0.146
0.126
0.114

6.87**
1.28
1.11
-

Trait

Source of
variation

DBH

Replication
Population
Groups
Error

2
35
3
1039

76.8
212.0
64.4
6730.1

TSC

Replication
Population
Groups
Error

2
35
3
1039

PH

Replication
Population
Groups
Error

DF

Field trial Campina

Fva lue

Field trial Gurghiu

DF  degrees of freedom, levels of significance: *  0.05 > p > 0.01, **  0.001
> p < 0.01, *** p < 0.001*, groups  Romanian Carpathians branches: Eastern
Carpathians; Curvature Carpathians; Southern Carpathians; Western Romanian
Carpathians

Table 3. ANOVA for the diameter at breast
height (DBH), tree slenderness coefficient
(TSC), pruning height (PH), crown slenderness
index (CSI) and dominant branch diameter
(DBD), of Norway spruce populations in two
Romanian field trials. One trial is located outside the natural range of Norway spruce. Abbreviations of traits as in Table 2

DF

Sum of
squares

Mean
squares
(s²)

Locality
Population
Group
DBH P × L
G×L
Error

1
35
3
35
3
2082

846.4
354.2
52.7
227.3
57.6
14769.0

846***
10.1
17.6
6.5
19.2*
7.1

Locality
Population
Group
TSC P × L
G×L
Error

1
35
3
35
3
2082

30842
11039
1131
6036
1589
225543

30842***
315***
377*
172*
530**
108

Locality
Population
Group
DBD
P×L
G×L
Error

1
35
3
35
3
2082

5.291
13.377
4.113
9.567
3.709
259.56

5.3***
0.38***
1.37***
0.27***
1.24***
0.125

Trait

Source of
variation

Trait

DF

Sum of
squares

Mean
squares
(s²)

DBH 4
trials

3
35
3
105
9
4164

13692
836
22
2145
396
59682

4564***
24**
7.3
20**
44*
14.3

PH

1
35
3
35
3
2082

20.7
658.8
28.4
340.0
38.7
5604.6

20.7**
18.8***
9.5*
9.7**
12.9**
2.7

CSI

1
35
3
35
3
2082

54.4
71.22
9.1
56.83
8.88
1033.77

54***
2.03***
3.03**
1.62***
2.96***
0.50

DF  degrees of freedom, levels of significance: *  0.05 > p > 0.01,
**  0.001 > p < 0.01, *** p < 0.001*, G × L  Groups × Localities
interaction. For DBH data from four trials were included in the estimates,
the additional data coming from Avrig and Bretcu
(Budeanu et al. 2012a)
,
2014, Vol. 20, No. 1 (38)
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Figure 2. Variance components for
populations × localities interaction P
 populations, G  groups, and P ×
L, G × L are the interactions between
random factors and Locality (fixed
factor). DBH, PH, TSC, CSI, DBD are
the variables with the significance
described in Table 2



rank 4 th in the classification achieved for this feature.
The 5-Moldovita
, population, appointed as IUFRO
standard progeny since 1996, ranks 11 th in Câmpina,
respectively 21 st in Gurghiu, registering values very
close to the average of the two tests.
The QST value (Table 4) is 28% higher in the INR
trial than in the other trial, suggesting higher variability among populations under favourable growth
conditions. This conclusion is valid for most of the
growth traits (except DBD). The DBH QST values are
lowest among all the traits analysed. The breeding
programs should focus on selection based on other
traits.
Cumulating these data with the ones from the
Avrig and Bretcu
, trials, that are part of the same series of experiments (Budeanu et al. 2012a), a strong
Table 4. The quantitative genetic differentiation, Q ST, according to
Morgan et al. (2005).
Abbreviations of traits
as in Table 2

Trait
DBH
TSC
PH
CD
CSI
DBD

2014, Vol. 20, No. 1 (38)
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QST
Câmpina
0.32
0.50
0.80
0.57
0.66
0.66

Gurghiu
0.41
0.60
0.80
0.58
0.66
0.39

Both trials
0.42
0.59
0.78
0.64
0.67
0.60

influence of the testing site was noted, but also a
strong significant (p < 0.01) effect of the populations
and populations × locality interaction was obtained.
Tree slenderness coefficient (TSC)
This trait, expressed by the ratio of tree height
and DBH is of particular importance in order to assess
the stability of Norway spruce forests, estimating that
a value of TSC higher than 80 could jeopardise the
stability of stands against wind damage (Popa 2005).
At 30 years of age and considering that no silviculturale treatments were carried out, TSC values up to 100
could be accepted.
In the Câmpina test (ONR), the average value of
this indicator is 107.8, while it was 99 in the Gurghiu
trial. In Câmpina, a single population (16-Nehoiu) has
a TSC < 100, while in Gurghiu 63% of the populations
have a TSC £ 100; the most valuable population being also this time 28-Turda (91), 13% under the highest value. These data confirm once more the risks occurring when planting spruce outside its natural range.
In Gurghiu, grouping populations by Carpathian
branches shows a slight superiority (1-2%) of the offsprings originating in the Western Carpathians, comISSN 2025-9230
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pared to the other Carpathian groups. In Gurghiu, the
local population (12-Gurghiu) ranks 10 th, while in
Câmpina, the population closest to the experiment (19Azuga) ranks 25 th. The IUFRO standard population
shows an average value lower by 9% INR, where the
recorded value is £100.
ANOVA (Table 2) revealed strongly significant
differences among populations, which enables improving programs at interpopulational level. Only in Câmpina trial significant differences were recorded between
Carpathian divisions (groups), suggesting a different
reaction to the adverse site condition existing at Câmpina. The factorial ANOVA (Table 3) showed a strongly
significant effect for test site and populations. Of the
two interactions the group × locality was strongest.
Pruning height (PH) and pruning height ratio
(PHR)
In Câmpina trial (ONR) the pruning height (PH)
is 7.9 m, while in Gurghiu (INR) the value is 4% higher (8.2 m). In both experiments, the highest capacity
of achieving the natural pruning is shown by the 19Azuga population, representing the population originated from the smallest distance from Câmpina trial,
while in Gurghiu the local population (12-Gurghiu)
ranks only 28th . The ratio of the pruning height to the
total height (PHR) is 47% in Câmpina and 48% in
Gurghiu, as the 19-Azuga population registered a value of 53% average of the two experiments. The IUFRO
standard provenance (5-Moldovita)
, showed different
results and a far better performance outside the natural range (PH = 8.5 m and PHR = 50%), where PH and
PHR are 19%, and 16% higher than in the established
INR test. Separating populations by the Carpathian
branches showed an obvious superiority of the populations originating from Eastern Carpathians.
ANOVA (Table 2) and factorial ANOVA (Table 3)
showed highly significant differences among populations and groups for pruning height, but also indicated strong interaction effects. For this trait the highest values of QST were obtained in both trials, suggesting an important genetic control for natural pruning
(Table 4).
Crown diameter (CD) and crown slenderness index (CSI)
Average value for CD is 3.26 m at Câmpina, while
at Gurghiu the value is 5% lower, 3.1 m. It was noted
an increasing trend of CD in the trial established ONR,
in Subcarpathians, with negative consequences on the
tolerance of trees to heavy snow. In Câmpina trial,
amongst the 11 populations with the lowest values for
crown diameter, 55% originated from Apuseni Mountains, an area known for the presence of the narrow
2014, Vol. 20, No. 1 (38)
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crown spruce ideotype. The ANOVA (Table 2) revealed
strongly significant differences between populations
and between Carpathian divisions (***). The factorial ANOVA (Table 3) for CSI revealed strongly significant effects for all five effects tested. The local provenances have high values for CD in both experiments,
occupying 5 th place in Câmpina trial, respectively 4 th
in Gurghiu trial. The standard provenance (5Moldoviþa) had the same CD value (3.2 m) at both
trials, very close to average values in the trials.
In Câmpina test, crown slenderness index (CSI)
has an average value of 5.28, while at Gurghiu test,
the value is 6% higher (5.6). In Câmpina test, except
populations from the Curvature Carpathians, for all the
other three Carpathian branches results are similar,
while at Gurghiu test, populations originating from the
Southern Carpathians stand out (Figure 3).

Figure 3. Mean values for crown slenderness in four regions
of the Carpathian Mountains in Romania. E.C.  Eastern
Carpathians; C.C.  Curvature Carpathians; S.C.  Sothern
Carpathians; W.C.  Western Romanian Carpathians

In Câmpina, nearest provenance (19-Azuga) ranks
16th place, while in Gurghiu, the local provenance (12Gurghiu) ranks 27 th place. Standard provenance (5Moldovita)
, has similar values in both experiments (5.5)
and a favorable reaction in the ONR trial.
Dominant branch diameter (DBD) and branches finesse (BF)
In the Câmpina trial, the average value for the DBD
is 19 mm, which represents 12.4% of the trunk diameter
(diameter measured at 2.2 m from the ground). In the
optimum of the species (Gurghiu), values are once again
more favorable (DBD = 18 mm and BF = 10.8%), both
in terms of resistance to the harmful action of heavy
snow and in terms of quality wood (thin branches =
smaller nodes). Populations 33-Gârda (Western Romanian Carpathians) and 1-Cosna
(Eastern Carpathians),
,
have thin branches in both experiments. Local proveISSN 2025-9230
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nances have high values for both traits, in both experiments, while the standard IUFRO provenance (5-Moldovita)
, has thin branches in both test sites.
Eastern and Western Carpathians populations
showed superiority, while provenances originating from
the Curvature Carpathians could provide forest reproductive materials for the installation of biomass crops,
in local conditions similar to those in Câmpina. From
figure 4 it is seen that there is a homogeneity of groups
at the INR trial (Gurghiu), with a difference between
groups being less than 2% for BF and 4% for DBD.
The variance analysis (Table 2) confirmed the high
homogeneity of the Gurghiu test, while in Câmpina
(ONR) we have noted very significant differences
between populations and also between groups
(p < 0.001). Factorial ANOVA (Table 3) for DBD indicated strongly significance for all effects tested. At
the ONR test locality the populations originating from
different Carpathian branches responded differently.
Correlations
In both experiments, although they were established in different environmental conditions, we noted

obvious similarities in terms of correlations between
analysed traits (Table 5). With increasing DBH pruning
is intensified (positive correlation). At the same time,
crowns have larger diameter and the branches are thicker (negative correlations for stands stability and for
wood quality). The more crown slenderness index increases, the thinner the branches (r = -0.30*** at Câmpina, -0.49*** at Gurghiu), which gives trees increased
tolerance against abundant snow.
For most traits in both trials the influence of the
geographical origin of the tested population was insignificant. Only for one trait (DBD) and only at the
INR trial a significant influence of geographical origin was observed, populations from northeastern Romania (Eastern Carpathians) have thin branches. Also,
in Table 5, it can be seen an opposite trend of geographical influence in both experiments, for most of
the analysed traits. The influence of the populations
origin altitude to the most important qualitative trait
(PH) was also highlighted in Figure 5. When the populations are separated according to their Carpathian
origin, the correlations with altitude are stronger and
sometimes significant. The different reactions of the

Figure 4. Mean values for dominant
branch diameter and
branch finesse in four
regions of the Carpathian mountains in
Romania. E.C.  Eastern
Carpathians;
C.C.  Curvature
Carpathians; S.C. 
Southern Carpathians; W.C.  Western
Romanian Carpathians
Table 5. Pearson correlation coefficients between traits and between traits and geographic variables of
population origin. Abbreviations of traits as
in Table 2

Trait
DBH

DBH

TSC

PH

CD

CSI

DBD

DBH

TSC

PH

-

TSC

-0.83***

0.19***

0.65***

-0.24***

0.75***

-

0.11**

-0.51***

0.41***

-0.61***

-

0.09*

0.23***

0.09*

-

-0.79***

0.60***

-

-0.30***

PH
CD
CSI

CD

CSI

DBD

0.79***

-0.43***

0.83***

0.07*

-0.67***

0.56***

-0.70***

-

0.09*

0.17***

0.12***

-

-0.82***

0.76***

-

-0.49***

Gurghiu trial

Câmpina trial

DBD

-

-0.84*** 0.20***
-

-

-

Lat. N

-0.31

0.13

0.18

-0.21

0.19

-0.44**

0.07

-0.32

-0.16

0.20

-0.29

0.11

C. Lat.

-0.25

0.08

0.01

-0.16

0.07

-0.29

0.13

-0.11

0.15

0.14

-0.06

0.02

Lon. E

0.20

-0.13

0.04

0.27

-0.16

0.35*

-0.11

-0.00

-0.27

0.05

-0.12

0.03

Altitude -0.13

0.03

-0.06

-0.07

-0.01

-0.12

0.11

0.01

0.22

0.06

0.06

-0.03

Levels of significance: *  0.05 > p > 0.01, **  0.001 > p < 0.01, *** p < 0.001*
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populations from Southern Carpathians were recorded for the majority of traits.

higher stability of stands. Relatively low pruning
height ratio values (compared with PHR = 50% in
present study) were recorded in Sweden, at the same









Figure 5. Correlation between pruning height and altitude of the population origin in
the Câmpina and Gurghiu trials: upper left  Eastern Carpathian populations with significant r = 0.55* in the Gurghiu trial, upper right  Curvature Carpathian populations
with significant r = 0.94* in the Gurghiu trial, lower left  Southern Carpathian populations, lower right  Western Romanian Carpathian populations

Discussion
The large number of populations and 6 × 6 tree
plots require that the trials occupy large areas. Generally, this means that there will be a large heterogeneity within each trial. This is reflected in the large
effect for replication in the present study. With the low
number of replications and the strong replication effects the population effect might be underestimated
in our study.
In the natural range of the spruce the pruning is
more active, the DBH values are higher and the TSC
indicates a higher resistance to the damaging wind
action, compared to situation registered outside of the
natural range.
With reference to previous data (Enescu and Ionita
, ° 2002) for DBH, available only for Gurghiu experiment, we found out that the local provenances (12Gurghiu), the most valuable at the age of 15, remains
at the top, now ranks 4, while population 1-Cosna,
,
which presented the lowest value for this character,
in the last 15 years had dropped to rank 23. The IU2014, Vol. 20, No. 1 (38)
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FRO standard provenance (5-Moldovita)
, recorded
again higher values for DBH in the test located ONR,
as previously noted (Budeanu et al. 2012a), which
could represent a greater capacity to adapt to a longer growing season, but with much lower values for De
Martonne index. This index is very important because
it takes into account both the average temperature and
the quantity of rainfall in a year.
The mean DBH value for the 4320 studied trees
in the four experiments (Avrig and Bretcu
, too) is 18.3
cm, which is higher than the values recorded in Poland (14.2 cm, at the same age), Slovakia (13.2 cm, at
26 years old) and Germany (13.7 cm at 25 years old)
by Matras (2009). In France (Loubère et al. 2004) were
recorded the closest results (17.4 cm at 30 years old).
By applying ANOVA, a similar result to that from Poland (Kowalczyk et al. 2009) was obtained, i.e. insignificant differences between populations.
In Norway, at the same age of 5 trials with fullsibs, TSC was 89 (Steffenrem et al. 2007), while in
France, at the same age, TSC was 86 and 77 (Colin and
Houllier 1992, Loubère et al. 2004), values that ensure
ISSN 2025-9230
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age (Norén and Persson 1997). The crown diameter
and crown slenderness values indicate a plus of heavy
snows vulnerability in the test located ONR.
The degradation of the Norway spruce in stands
located outside its natural range as a result of low tolerance against harmful action of abiotic factors, was observed at ages 30-40 years in Ukraine (Guz 2009). At localities where there is no major risk for wind slashing,
selection of the populations with high CD values can be
applied, being known that the branches and the needles
contribute up to 40% on the total biomass production
(Kilpelainen et al. 2010), and the well-developed crowns
provide a superior mast (White et al. 2007). Selection for
the production of biomass could be practiced in similar
site conditions as those of the test Câmpina.
The average values for branches finesse (BF) are
superior to those previously determined by Budeanu
et al. (2012b) (9.2% in Avrig test and 9.5% Bretcu
, test),
but lower than those recorded at the same age in Finland and Sweden, where the average v alue is 12.7%
(Mäkinen et al. 2003).
In both experiments positive correlations between
DBH and DBD were obtained, in agreement with the
results recorded in Germany (Hein et al. 2007). It can
be concluded that for spruce the simultaneous breeding of quantitative and qualitative traits is contraindicated. The two-step breeding strategy suggested
previously (Danusevicius and Lindgren 2002, White
et al. 2007) might be useful to apply.
The populations 4-Marginea, 20-Domnesti
, and 21°,
Orastie,
originated from the lowest altitude, had better rankings in ONR trial than in the INR trial. Other
populations from low altitude (29-Beius, and 30-Dobresti)
, showed totally opposite behavior. The explanation could be related to the fact that the last two
populations come from the ecological optimum of
spruce (in Western Romanian Carpathians, in which
the altitudinal limit for spruce is lower than in the other
three Carpathian regions), while the first three come
from a lower altitudinal limit.
Significant differences between populations suggests that there are good prospects for these populations to have a high potential for adaptation to future
climates (Pliura and Eriksson 2002). However, extreme
caution is required regarding the movement of forest
reproductive materials. The genetic component seems
to play the most important role in pruning. The different reaction capacity of spruce in multi-site comparative trials was also observed in other studies (Moberg
2006, Kantola et al. 2007, Barszcz et al. 2010).
The mainly weak relationships between traits and
geographic origin is somewhat surprising considering
a large difference in altitude among the populations,
which in many other studies have resulted in strong
2014, Vol. 20, No. 1 (38)
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relationships (e.g., Eriksson 2010). The most plausible explanation is that the climatic conditions in the
area, from which the populations originated, do not
follow any geographic trend.

Conclusions
For most of the analysed traits (except DBD),
strongly significant differences between populations
were recorded, which favors the ongoing selection
programmes at the population level. The significant
differences between Carpathian branches were recorded, with the largest differentiation in the Câmpina trial, suggesting a different reaction to the adverse site
conditions existing outside the natural range of Norway spruce.
For all analysed traits, promising results were recorded in the trial situated in the optimum ecological
conditions for Norway spruce (Gurghiu). Outside the
natural distribution range (Câmpina), the populations
presented high values for slenderness index, crown
diameter and branches diameter, which increases the
vulnerability of Norway spruce to the harmful action
of abiotic factors such as wind or snow.
The populations originating from the Eastern
Carpathians had a sustained growth, an active pruning and thinner branches. The IUFRO standard provenance (5-Moldovita)
, presented a high capacity to
adapt to the site conditions from Câmpina test, which
reiterates the great genetic value of this population.
In the majority of cases there was no significant
relationship between geographic origin and trait values.
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ÌÅÆÏÎÏÓËßÖÈÎÍÍÀß ÈÇÌÅÍ×ÈÂÎÑÒÜ ÊÀ×ÅÑÒÂÅÍÍÛÕ ÕÀÐÀÊÒÅÐÈÑÒÈÊ Â
ÄÂÓÕ ÈÑÏÛÒÀÒÅËÜÍÛÕ ÊÓËÜÒÓÐ PICEA ABIES L. ÐÀÇÍÛÕ ÏÐÎÈÑÕÎÆÄÅÍÈÉ
Ì. Áóäåàíó, Í. Ñîôëåòåà è È.Ê. Ïåòðèòàí
Ðåçþìå
Ïîòîìñòâî 33 ëåñîñåìåííûõ çàïîâåäíèêîâ ýëè îöåíèâàëèñü 30 ëåò ñïóñòÿ ïîñëå ïîñàäêè, â äâóõ èñïûòàòåëüíûõ
êóëüòóð, çàëîæåííûõ â ðàçëè÷íûõ óñëîâèÿõ ñðåäû: çà ïðåäåëàìè åñòåñòâåííîãî àðåàëà, íà ìàëîé âûñîòå (Campina
îïûò), è â åñòåñòâåííîì àðåàëå (Gurghiu îïûò) â Ðóìûíèè. Îöåíèâàëèñü íàèáîëåå âàæíûå êà÷åñòâåííûå è
êîëè÷åñòâåííûå õàðàêòåðèñòèêè ðîñòà ñòâîëà è êðîíû: äèàìåòð ñòâîëà ó 1,30 ì, âûñîòà îáðåçêè âåòâåé è ïðîïîðöèÿ
îáðåçêè è ïîëíîãî ðîñòà, îòíîøåíèå øèðèíû ê äëèíå ñòâîëà, äèàìåòð êðîíû è êîýôôèöèåíò ñòðîéíîñòè êðîíû,
äèàìåòð âåòâåé è åãî ñîîòíîøåíèå c äèàìåòðîì ñòâîëà. Â ðåçóëüòàòå ïðèìåíåíèÿ äèñïåðñèîííîãî àíàëèçà
îáíàðóæèâàëèñü ñóùåñòâåííûå ðàçëè÷èé ìåæäó ïîïóëÿöèÿìè ïî áîëüøèíñòâó ïðîàíàëèçèðîâàíû õàðàêòåðèñòèê
(êðîìå äèàìåòðà ñòâîëà). Çíà÷èìûå îòêëîíåíèÿ ìåæäó Êàðïàòñêèìè âåòâÿìè áûëè îòìå÷åííû äëÿ áîëüøèíñâî
àííàëèçèðîâàíûõ õàðàêòåðèñòèê, âûøå äëÿ Êýìïèíà êîìïàðàòèâíîãî îïûòà, ÷òî ïðåäïî÷èòàåò ðàçëè÷íûå ðåàêöèè
ïîïóëÿöèÿõ íà áîëå íåáëàãîïðèÿòíûå ìåñòíûå óñëîâèÿ ñóùåñòâîâàâøèå â îïûòíîé ïëîùàäè êîòîðàÿ íàõîäèòüñÿ çà
ïðåäåëû åñòåñíîãî àðåàëà. Ïî âñåì àíàëèçèðóåìûì õàðàêòåðèñòèêàì, ïîïóëÿöèè ïðîÿâëÿëè ëó÷øèå ðåçóëüòàòû, ñ
òî÷êè çðåíèÿ ëåñíîãî õîçÿéñòâà, íà îïûòíîé ïëîùàäè ðàñïîëîæåííîé â îïòèìàëüíûõ ýêîëîãè÷åñêèõ óñëîâèÿõ äëÿ åëè
(Ãóðãèó). Çà ïðåäåëàìè åñòåñòâåííîãî àðåàëà (îïûò Êýìïèíà), ïîïóëÿöèè ïðîÿâëÿëè âûñîêèå âåëè÷èíû äëÿ
îòíîøåíèè øèðèíû ê äëèíå ñòâîëà, äèàìåòð êðîíû è äèàìåòð âåòâåé, òî ÷òî ïîâûøàåò óÿçâèìîñòü åëè ê âðåäíûì
äåéñòâèÿì àáèîòè÷åñêèõ ôàêòîðîâ (âåòåð è ñíåã). Ñåëåêöèÿ åëè îäíîâðåìåííî äëÿ ðîñòà è êà÷åñòâåííûõ õàðàõòåðèñòèê
ïðîòèâîïîêàçàíî. Â ýòîé ñèòóàöèè ðåêîìåíäóåòñÿ äâóõýòàïííàÿ ñòðàòåãèÿ ñåëåêöèè. Âûñîòà îáðåçêè âåòâåé ïîêàçàëà
íàèâûñøèå îöåíêè QST.
Êëþ÷åâûå ñëîâà: èñïûòàòåëüíûå êóëüòóðû, êîððåëÿöèè, äèàìåòð ñòâîëà ó 1,30 ì, ëåñîñåìåííûå çàïîâåäíèêè,
õàðàõòåðèòèêè ñòâîëà è êðîíû.
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