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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 (Campina
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 Campina 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 (Campina
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(, estimates.
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Introduction

In the countries with an advanced silviculture, com-
parative trials were established for the main forest spe-
cies. 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 im-
portant for a better knowledge of the populations’
adaptability to the change of the environmental condi-
tions, knowing that Norway spruce is one of the most
vulnerable trees to the change of the climate conditions
(Stakénas 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 (Campina), 33 Norway spruce (Picea abies L.)
Karst) populations were tested, at 30 years after plan-
tations time. Establishing of the trials outside of the
natural area was performed in the period when there

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, valu-
able 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 experi-
ments. In Romania, only tested seed sources are al-
lowed for seed transfer from the region of origin to
other regions where they were tested. Using the for-
est reproductive material from tested populations will
help to increase the productivity and genetic diversi-
ty of forests.

At the same time, the data obtained will be com-
plementary to those obtained in Norway spruce prov-
enance trials established in various European coun-
tries (Bulgaria, Finland, France, Poland, Romania, Scot-
land, Sweden and Hungary), where many provenanc-
es originating from the Romanian Carpathians have

I 2014, Vol. 20, No. 1 (38) [N, (SSN 2025-9230

37



BALTIC FORESTRY

I ~AMONG-POPULATION VARIATION IN QUALITY TRAITS /.../ WITH PICEA ABIES L. NS M. BUDEANU ET AL

performed well (Héois and Van de Sype 1991, Giertych
1993, Alexandrov and Stancova 1997, Matras 1997,
Naapola 1997, Karlsson and Hogberg 1998, Enescu and
Ioniror 2002, Skreppa 2005, Ujvari and Ujvari 2006).

The objectives of the present study are concerned
with the following topics:

» to analyse the performance of the 33 popula-
tions under different sites conditions, in trials estab-
lished inside of the natural range (INR) and outside
of the natural range (ONR - at low altitude);

» to evaluate the behaviour of local provenanc-
es and the adaptability of the provenance 5-Moldovi-
ta, which has been designated as standard IUFRO
provenance, in 1996;

» to determine how the populations originating
from different branches of the Romanian Carpathians
react under different sites conditions;

» 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 di-
vision 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 nar-
row crown was found.

Materials and Methods

Romanian Carpathians have a 3 degree northern
latitude (45-48) and 4.5 degrees eastern longitude (22-
26.5) extension, the northern branch being represent-
ed 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 character-
ized by an important volcanic chain (Oasg - Harghita),
in Western Carpathians extensive karst surfaces are
found, while in Southern the landscape is almost sim-
ilar 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 high-
er, ranging between 8§ and 10°C.

The 33 seed stands were selected in Romanian
Carpathians in order to have at least one valuable

population from each region of provenance (Table 1).
In the spring of 1980, Campina and Gurghiu trials were
established, using bulked seeds harvested from 10
trees for each of the 33 populations (Enescu and Ionitor
2002). The ten trees were chosen based on their rep-
resentativeness for the populations, and another cri-
terion was to be growing at a minimum distance of at
least 50 m from each another. The aim was to encom-
pass the diversity of the population and to avoid in-
breeding.

Table 1. Location of the tested populations (Sofletea et al.
2012)

Altitude [m]/ Seed sources Altitude [m]/

Code (SR?:; e rananoe®) latitude [[N]]/ Code  (Region of latitude ][N]]/

longitude [E)/ provenance) longitude [E}/
1 Cosna(A) 1025/47°28/25°10° 18 Brasov (B) 1020/45°35/25°35
2 Doma Candreni (A) 990/47°17'/25°05 19  Azuga (B) 1210/45°28 /25°40
3 Frasin (A) 755/47°28'/25°48 20 Domnesti (C) 650/45°11'/24°49’
4 Marginea (A) 670/47°49/25°50° 21 Orastie (C) 680/45°43/23°16'
5 Moldovita (A) 855/47°397/25°34’ 22 Bistra (C) 1350/45°35/23°45'
6 Stulpicani (A) 985/47°22'/25°46 23 Voineasa(C)  1410/45°17/23°55
7 Nasaud (A) 1210/47°28'/24°25 24 Retezat (C) 970/45°27'/22°51
8  Prundul Bargaului (A) 1290/47°05/24°45" 25 Bozovici (D) 600/44°57°/21°59°
9 Rodna (A) 890/47°26'/24°50° 26 Valiug (D) 940/45°12'/22°02'
10 Sanmartin (A) 900/46°13'/25°57 27 Belis (E) 1210/46°32/23°02'
11 Toplita (A) 910/46°45'/25°20° 28 Turda (E) 1200/46°33/23°02'
12 Gurghiu (A) 1225/46°45'/24°50' 29 Beius (E) 520/46°52'/22°23'
13 Sovata (A) 1190/46°40'/25°05 30 Dobresti (E) 510/46°537/22°20'
14 Tarcau (A) 930/46°54/26°06 31 Sudrigiu (E) 1050/46°31/22°35'
15  Comandau (B) 1150/45°45'/26°20' 32  Campeni (E) 1237/46°25/23°10
16  Nehoiu (B) 1120/45°37°/26°30° 33 Garda (E) 1295/46°29/22°55'

17 Nehaiasu (B) 1080/45°30726°10°

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

The Campina trial was established outside of the
Norway spruce natural range, in Curvature Subcar-
pathians region, at 570 m altitude (300 m below the
lower altitudinal limit of spruce). The geographical
coordinates of the testing site are: 45°11°11” N and
25°48°47” 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 test-
ing site are 46°48°13” N and 25°03°58” 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 in-
completely balanced square grid design, type 6 X 6,
with 3 replications and 49 seedlings per plot planted
at 2 x 2 m spacing (Sofletea et al. 2012).

According to the [UFRO recommendations (Lines
1967), in each unitary plot (33 populations plus three
populations which are repeated for covering the ex-
perimental design) ten trees were assessed. Conse-
quently, the number of trees from each population
measured in every trial is 30. The trees were randomly
chosen after a pre-set schedule.
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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), us-
ing 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 sit-
uated at 2.2 m from the ground, measured with the
electronic callipers. In order to ensure the accessibil-
ity 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 Levene’s 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 math-
ematical-statistical model of analysis was developed
starting from the one recommended by Nanson (2004):

Xijk=m+ai+ﬁj+‘Yk+8ijk

where: m is overall average value, a, is component of
i*" population (i = 1...a), /Jj is component of j* repli-
cate (j = 1...b), 7, is component of k" group (Carpathi-
ans branches) and £y is random error affecting ijk
plots.

The population x location interaction and the in-
fluence of test site variation were estimated using the
bifactorial ANOVA model (Nanson 2004):

Xijk =m-+a + ﬁj +y, T+ Oﬂﬁij + BYik+€ijk

where: m, o and y, are as above, /J’/ is component of
j™ locations (j = 1...b), a/a’l_jis interaction of i popula-
tion with j* location, /3’}{/_,( is interaction of k" group
with j" location. The variance components (%) were
also estimated using Statistica, ML method.

The level of significance was established using
Fisher'’s (F) test. Pearson simple correlations between
analysed traits and between traits and the geograph-
ic 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 differentia-

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

2
Q - %
ST

2 2
o, + 20,

where 0,” and 6, * are the between and within popula-
tions genetic variances.

Results

Diameter at breast height (DBH)

The average value of DBH in the Campina com-
parative trial is 16.0 cm, while the value of this trait is
8% higher (17.3 cm) in the trial installed in the spe-
cies optimum (Gurghiu). The Nehoiu population, the
most valuable in Campina, ranks 2nd at Gurghiu and
the Turda population (ranked first in Gurghiu) regis-
tered the highest value for the DBH also in the Avrig
trial (Budeanu et al. 2012a). However, significant cor-
relation between the populations of the two trials could
not be detected (Figure 1).

18
r=0.21,p>005
5 .
<17
£ -~
= .
54 o o0
(i) L : o .
Figure 1. DBH of the 16 P
. . o . e o O
populations for Gurghiu D% e
against CAimpina trials; r .,
= i ici 15
correlation coefficient, s = o " 2

p = significant level DBH Gurghiu, cm

While for the Campina 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 originat-
ing in the Eastern Carpathians, also proven by the
Brezcu 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 re-
sulted in non-insignificant differences between pop-
ulations. However, in the CAmpina trial, the relatively
heterogeneous conditions were reflected in the strong-
ly significant differences (p < 0.01) between the three
replications.

The influence of testing site was strongly signifi-
cant in the Campina trial and the populations originat-

I 2014, Vol. 20, No. 1 (38) N,  SSN 2025-9230

39



BALTIC FORESTRY

I ~AMONG-POPULATION VARIATION IN QUALITY TRAITS /.../ WITH PICEA ABIES L. NS M. BUDEANU ET AL

ed from different Carpathian branches performed differ-
ently 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 sig-
nificant (Table 3). The group x locality effect was sig-
nificant while the group effect on DBH was non-sig-
nificant.

The population component of variance, for almost
all of the analysed traits, except pruning height, was
small. The interactions between individual trees (in-
cluded in error) had much higher contributions to to-
tal variance (Figure 2).

In both experiments, the nearest provenances (19-
Azuga at Campina, respectively 12-Gurghiu, at Gurghiu)

Table 2. Results from ANOVA for the

Sum of Mean square Sum of Mean square

diameter at breas.t height (DBH), tree Trait Sogrge of DF  squares (s9) Fawe  gquares (s?) Feaue
slenderness coefficient (TSC), pruning vanton Field trial Campina Field trial Gurghiu
height (PH), crown diameter (CD), Replicaton 2 76.8 38.4 589 116 58 0.75
crown slenderness index (CSI) and Population 35 212.0 6.1 093 3694 10.6 1.38
dominant branch diameter (DBD), of DBH  Groups 3 644 215 331 459 153 20
. . Error 1039 6730.1 65 - 79505 77 -
Norway spruce populatlons n two o
Romanian field trials. The CAmpina Replication 2 4682 2341 17.3 2187 1094 14,6
o . P Population 35 10016 286 2.1 7059 202 277
trial is located outside the natural TSC  Groups 3 2213 738 5 5 506 169 23
range of Norway spruce Error 1039 140078 135 - 77465 75 -
Replication 2 1024.89 5124 2127 52622 26311 175%
Population 35 59102 1689 697  407.73 11.65 7.8%*
PH Groups 3 40.28 13.43 555  26.83 8.94 6.0%**
Error 1039 2515.85 242 - 1537.63 150 -
Replication 2 15.61 78 37 8.71 435 158+
Population 35 19.09 0.55 258 27.39 0.78 2,84+
CD Groups 3 4.12 137 6.49** 3.00 1.00 36*
Error 1039 219.31 0.21 - 28438 027 -
Replication 2 17.17 858 204+ 53.95 26.98 52
Population 35  57.52 164 387 7054 202 3.9%
CSl Groups 3 8.59 2.86 6.85** 9.39 313 6.0%**
Error 1039 43393 042 - 52873 052 -
Replication 2 3.706 1853 1417 1562 0.781 6.87*
pgp  Population 35 17.840 051 39** 5103 0.146 128
Groups 3 7445 2482 189" 0377 0.126 1.11
Error 1039 136.09 0.131 - 11822 0.114 -

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;
Carpathians

Curvature Carpathians;

Southern Carpathians; Western Romanian

Table 3. ANOVA for the diameter at breast

. . Source of Sum of Mean Sum of Mean
height (DBH), tree slenderness coefficient Trait > -~ DF squares  Trait DF squares
. . variation squares " squares ’
(TSC), pruning height (PH), crown slenderness (s9 (s?)
index (CSI) and dominant branch diameter Locality 1 846.4 846*** 3 13692  4564***
(DBD), of Norway spruce populations in two g‘r’gﬂi’at'on 335 35524-72 1223 335 82326 274;*
Romanian field trials. One trial is located out-  DBH p, | 35 2973 65 DBH4 ool 20
. trials
side the natural range of Norway spruce. Abbre- GxL 3 57.6 19.2* 9 396 44*
viations of traits as in Table 2 Error 2082 14769.0 71 4164 59682 14.3
Locality 1 30842 30842** 1 20.7 20.7**
Population 35 11039 315** 35 658.8 18.8***
Group 3 1131 377* 3 28.4 9.5
TSC PxL 35 6036 172* PH 35 340.0 9.7
GxL 3 1589 530* 3 38.7 12.9*
Error 2082 225543 108 2082 5604.6 2.7
Locality 1 5.291 5.3%* 1 54.4 54***
Population 35 13.377 0.38*** 35 71.22 2.03***
Group 3 4.113 1.37* 3 9.1 3.03*
DBD P xL 35 9.567 0.27** csi 35 56.83 1.62**
GxL 3 3.709 1.24** 3 8.88 2.96**
Error 2082 259.56 0.125 2082 1033.77 0.50

DF — degrees of freedom, levels of significance: * — 0.05 > p > 0.01,
*¥* — 0.001 > p < 0.01, ***~ p < 0.001*, G x L — Groups x Localities
interaction. For DBH data from four trials were included in the estimates,
the additional data coming from Avrig and Brefcu (Budeanu et al. 2012a)
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DEH 2 trials DBH 4 trials

GXL, 7%

0,
Error, 69% Error, 65%

TSC PH

G, 3%
Error, 47%

P XL, 10%
Error, 61%

csl DBD

P, 20%

G, 7% Error, 49%

Error, 52%

P XL, 13%

GXL, 8%

rank 4™ in the classification achieved for this feature.
The 5-Moldovita population, appointed as IUFRO
standard progeny since 1996, ranks 11" in Campina,
respectively 21 in Gurghiu, registering values very
close to the average of the two tests.

The Q. value (Table 4) is 28% higher in the INR
trial than in the other trial, suggesting higher varia-
bility among populations under favourable growth
conditions. This conclusion is valid for most of the
growth traits (except DBD). The DBH O, 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 se-
ries of experiments (Budeanu et al. 2012a), a strong

Table 4. The quantita-

tive genetic differentia- ~ Trait Campina Gui;’;u Both trials
tion, O, according to Fgr— 032 041 042
Morgan et al. (2005). g¢ 050 0.60 059
Abbreviations of traits py 0.80 0.80 078
as in Table 2 cD 057 0.58 064
Csl 0.66 0.66 0.67
DBD 0.66 0.39 0.60

GXL 1%

P, 13%
G, 1%

PXL,15%

GXL, 6%

P, 32%

G‘z%

P XL, 13%

GXL, 6%

Figure 2. Variance components for
populations X localities interaction P
— populations, G — groups, and P x
L, G x 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

P XL, 10%

influence of the testing site was noted, but also a
strong significant (p < 0.01) effect of the populations
and populations x 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 silvicultu-
rale treatments were carried out, TSC values up to 100
could be accepted.

In the Campina test (ONR), the average value of
this indicator is 107.8, while it was 99 in the Gurghiu
trial. In Campina, a single population (16-Nehoiu) has
a TSC < 100, while in Gurghiu 63% of the populations
have a TSC = 100; the most valuable population be-
ing also this time 28-Turda (91), 13% under the high-
est value. These data confirm once more the risks oc-
curring when planting spruce outside its natural range.
In Gurghiu, grouping populations by Carpathian
branches shows a slight superiority (1-2%) of the off-
spring’s originating in the Western Carpathians, com-
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pared to the other Carpathian groups. In Gurghiu, the
local population (12-Gurghiu) ranks 10", while in
Campina, the population closest to the experiment (19-
Azuga) ranks 25" 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 improv-
ing programs at interpopulational level. Only in Campi-
na trial significant differences were recorded between
Carpathian divisions (groups), suggesting a different
reaction to the adverse site condition existing at CAmpi-
na. The factorial ANOVA (Table 3) showed a strongly
significant effect for test site and populations. Of the
two interactions the group x locality was strongest.

Pruning height (PH) and pruning height ratio
(PHR)

In Campina trial (ONR) the pruning height (PH)
is 7.9 m, while in Gurghiu (INR) the value is 4% high-
er (8.2 m). In both experiments, the highest capacity
of achieving the natural pruning is shown by the 19-
Azuga population, representing the population origi-
nated from the smallest distance from Caimpina trial,
while in Gurghiu the local population (12-Gurghiu)
ranks only 28", The ratio of the pruning height to the
total height (PHR) is 47% in Campina and 48% in
Gurghiu, as the 19-Azuga population registered a val-
ue of 53% average of the two experiments. The [IUFRO
standard provenance (5-Moldovita) showed different
results and a far better performance outside the natu-
ral 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 pop-
ulations originating from Eastern Carpathians.

ANOVA (Table 2) and factorial ANOVA (Table 3)
showed highly significant differences among popula-
tions and groups for pruning height, but also indicat-
ed strong interaction effects. For this trait the high-
est values of Q. were obtained in both trials, suggest-
ing an important genetic control for natural pruning
(Table 4).

Crown diameter (CD) and crown slenderness in-
dex (CSI)

Average value for CD is 3.26 m at Campina, 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 Campina trial,
amongst the 11 populations with the lowest values for
crown diameter, 55% originated from Apuseni Moun-
tains, an area known for the presence of the narrow

crown spruce ideotype. The ANOVA (Table 2) revealed
strongly significant differences between populations
and between Carpathian divisions (***). The factori-
al ANOVA (Table 3) for CSI revealed strongly signifi-
cant effects for all five effects tested. The “local” prov-
enances have high values for CD in both experiments,
occupying 5™ place in Campina trial, respectively 4
in Gurghiu trial. The standard provenance (5-
Moldovirwa) had the same CD value (3.2 m) at both
trials, very close to average values in the trials.

In Campina test, crown slenderness index (CSI)
has an average value of 5.28, while at Gurghiu test,
the value is 6% higher (5.6). In Campina 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).

6.0
\\Y Campina trial (onr)
Gurghiu trial (inr) ][

B 5.7 }
2
o 54
£
0]
e
c
L 51
(2]
c
2
o
G 48

45

c. WwcC.

,
o

EC. CC

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 Campina, nearest provenance (19-Azuga) ranks
16" place, while in Gurghiu, the local provenance (12-
Gurghiu) ranks 27" place. Standard provenance (5-
Moldovita) has similar values in both experiments (5.5)
and a favorable reaction in the ONR trial.

Dominant branch diameter (DBD) and branch-
es finesse (BF)

In the Campina 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-Garda (Western Roma-
nian Carpathians) and 1-Cogna (Eastern Carpathians),
have thin branches in both experiments. Local prove-
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nances have high values for both traits, in both exper-
iments, while the standard IUFRO provenance (5-Mol-
dovita) has thin branches in both test sites.

Eastern and Western Carpathians populations
showed superiority, while provenances originating from
the Curvature Carpathians could provide forest repro-
ductive materials for the installation of biomass crops,
in local conditions similar to those in CAmpina. 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 Campina
(ONR) we have noted very significant differences
between populations and also between groups
(p <0.001). Factorial ANOVA (Table 3) for DBD indi-
cated 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 estab-
lished 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 thick-
er (negative correlations for stand’s stability and for
wood quality). The more crown slenderness index in-
creases, the thinner the branches (r = -0.30*** at Campi-
na, -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 in-
significant. Only for one trait (DBD) and only at the
INR trial a significant influence of geographical ori-
gin was observed, populations from northeastern Ro-
mania (Eastern Carpathians) have thin branches. Also,
in Table 5, it can be seen an opposite trend of geo-
graphical 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 pop-
ulations are separated according to their Carpathian
origin, the correlations with altitude are stronger and
sometimes significant. The different reactions of the
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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 record-
ed for the majority of traits.
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higher stability of stands. Relatively low pruning
height ratio values (compared with PHR = 50% in
present study) were recorded in Sweden, at the same
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Figure 5. Correlation between pruning height and altitude of the population origin in
the Campina and Gurghiu trials: upper left — Eastern Carpathian populations with sig-
nificant » = 0.55* in the Gurghiu trial, upper right — Curvature Carpathian populations
with significant » = 0.94* in the Gurghiu trial, lower left — Southern Carpathian popu-
lations, lower right — Western Romanian Carpathian populations

Discussion

The large number of populations and 6 x 6 tree
plots require that the trials occupy large areas. Gen-
erally, this means that there will be a large heteroge-
neity 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 ef-
fects 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 Ioni-
td 2002) for DBH, available only for Gurghiu experi-
ment, we found out that the local provenances (12-
Gurghiu), the most valuable at the age of 15, remains
at the top, now ranks 4, while population 1-Cogna,
which presented the lowest value for this character,
in the last 15 years had dropped to rank 23. The IU-

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 long-
er 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 Brefcu too) is 18.3
cm, which is higher than the values recorded in Po-
land (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 (Loubere et al. 2004) were
recorded the closest results (17.4 cm at 30 years old).
By applying ANOVA, a similar result to that from Po-
land (Kowalczyk et al. 2009) was obtained, i.e. insig-
nificant differences between populations.

In Norway, at the same age of 5 trials with full-
sibs, TSC was 89 (Steffenrem et al. 2007), while in
France, at the same age, TSC was 86 and 77 (Colin and
Houllier 1992, Loubeére et al. 2004), values that ensure
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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 toler-
ance against harmful action of abiotic factors, was ob-
served at ages 30-40 years in Ukraine (Guz 2009). At lo-
calities 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 CAmpina.

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 Fin-
land and Sweden, where the average value is 12.7%
(Mikinen 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 breed-
ing of quantitative and qualitative traits is contrain-
dicated. 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-
Ordstie, originated from the lowest altitude, had bet-
ter rankings in ONR trial than in the INR trial. Other
populations from low altitude (29-Beiug and 30-Do-
bresti) showed totally opposite behavior. The expla-
nation 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 sug-
gests that there are good prospects for these popula-
tions 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 differ-
ent reaction capacity of spruce in multi-site compara-
tive 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

relationships (e.g., Eriksson 2010). The most plausi-
ble 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 record-
ed, with the largest differentiation in the Campina tri-
al, suggesting a different reaction to the adverse site
conditions existing outside the natural range of Nor-
way spruce.

For all analysed traits, promising results were re-
corded in the trial situated in the optimum ecological
conditions for Norway spruce (Gurghiu). Outside the
natural distribution range (Campina), 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 prun-
ing and thinner branches. The IUFRO standard prov-
enance (5-Moldovita) presented a high capacity to
adapt to the site conditions from Campina 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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MEXNONYJIAINOHHASA UBMEHYUBOCTH KAYUECTBEHHBIX XAPAKTEPUCTHUK B
JIBYX UCHBITATEJBHBIX KYJIBTYP PICEA ABIES L. PASHBIX ITPOUCXOXKJIEHHUI

M. Byneany, H. Coduerea nu U.K. IleTrputan
Peziome

IToTomcTBO 33 1€COCEMEHHBIX 3aOBEAHMKOB JIH OLeHUBAIUCH 30 JIET CIycTs MOCie MOCAIKH, B IBYX MCIIBITATEIbHBIX
KYJIBTYD, 3QI0KEHHBIX B Pa3IMYHbBIX YCIOBHSIX Cpebl: 3a MpeaesiaMi eCTeCTBEHHOro apeana, Ha Mmanoil BeicoTe (Campina
ombIT), U B ecTrecTBeHHOM apeaine (Gurghiu onsiT) B PymbiHuu. OneHuBanuch Hanbosee BaXKHbIC KaueCTBEHHBIE U
KOJIMYECTBCHHBIE XapaKTEPUCTHKH POCTa CTBOJIA M KPOHBL: quamerp cTBoyia y 1,30 M, BBICOTa 00pEe3KH BETBEH H IPOIIOPIHUS
00pE3KH M MOJHOTO POCTA, OTHOLICHHE LIMPHHBI K JUIMHE CTBOJIA, IMAMETP KPOHBI U KO3(OULIHEHT CTPOHHOCTH KPOHBL,
JUaMeTp BETBEHl M €ro COOTHOLICHHME C JUaMETPOM CTBOJIA. B pesynbraTe MpUMEHEHHs AUCIEPCHOHHOTO aHaIH3a
00Hapy)KUBAJIKNCh CYLIECTBCHHBIE PA3IMYMil MEXIy MOMYJIIUSIMH MO OONBIIMHCTBY MPOAHAIU3UPOBAHBI XapaKTEPHCTHK
(kpome nuaMeTpa CTBOJIA). 3HaYMMBbIE OTKJIOHEHHs Mexay KaprmaTckumu BeTBSIMH OBUIM OTMEYEHHBI JJIs OOJBIINHCBO
AQHHAJIM3HPOBAHBIX XapaKTEPUCTHK, BEIIIE A1t KoMIrHa KOMIAapaTHBHOTO OMBITA, YTO IPEANOYUTACT PA3IMYHBIC PEaKIINU
HOMYJANUIX Ha 6ojie HEOIaroNpHUATHBIE MECTHBIC YCIIOBHS CYIICCTBOBABILIKE B ONBITHO IUIONIAAN KOTOPas HaXOAUTHCA 32
HpeZiesbl eCTECHOro apeasna. 110 BceM aHaIM3MpPyeMbIM XapaKTePHCTHUKaM, HMOIYJISAUNH NPOSBILSUIM JIy4IINe Pe3yJbTarhl, C
TOYKH 3pCHUA JICCHOT'O X03ﬂﬁCTBa, Ha OMNBITHOM rJionaau paCl’lOJ’[O)KeHHOi’I B OIITUMAJIBHBIX DKOJIOT'MYECKUX YCIOBUAX IS €11
(I'ypruy). 3a npenenaMu ectecTBeHHOTo apeana (ombIT KoMnuHa), HOMYISIUK IPOSIBISUIN BHICOKHE BEIHMYUHBI JUIS
OTHOIICHUH IMUPHHBI K JUTHHE CTBOJIA, AUAMETP KPOHEI M AMaMETP BETBEH, TO UTO HOBBIIAET YSI3BUMOCTh €M K BPEIHBIM
neiicTBuAM abnoTnyeckux (axkropos (Berep u cHer). CeNeKIys ey OJHOBPEMEHHO [UII POCTA U KaUECTBEHHBIX XapaXTePUCTHK
MIPOTUBOIOKA3aHO. B 3Toif cuTyanuu pekoMeHayeTcs AByXdTallHHAS CTpaTerus celaekuuu. BricoTa 00pe3ku BeTBel mokaszaa
HaWBBICILIAE OLIEHKHU er

KiroueBbie cJI0Ba: UCTIBITATCIIBHBIC KYJbTYPBbI, KOppEIAIUN, AUaMETp CTBOJIA Y 1,30 M, JICCOCECMCHHBIC 3allOBEIHUKH,
XapaxTECPUTHUKHU CTBOJIA U KPOHBI.
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