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Abstract

To establish the most important Norway spruce Romanian populations, open-pollinated progeny of ten plus trees originating from
33 seed stands mapped in the Romanian Carpathians have been evaluated for stem and crown characteristics at the age of 30 years,
in two field trials: one established in their natural range (Bregeu trial), while the second was located outside of their natural range,
in Subcarpathian lands (Avrig trial). Significant (p<0.05) differences were found among the seed stands in both sites for most of the
characteristics, suggesting an additive genetic control with different levels of significance depending on the evaluated trait and the testing
site. Location analysis also revealed a highly significant population x locality interaction for all traits. The same populations behave
differently to the change of the ecological conditions. In the Avrig trial higher values were recorded than in the Bregeu trial for the tree
slenderness coefhicient (19%), crown slenderness coethicient (13.6%) and crown lateral area (9.4%). Although outside of their natural
area, pruning height (m) increased 6.4%, however pruning height ratio (%) decreases by 1%, compared to the test established in their
natural range. The populations from the Eastern Carpathians stand out by showing sustained growth and superior wood quality, while
the populations from the Western Romanian Carpathians have generally smaller differences between the mean values of analysed traits
in both field trials. Qualitative characteristics that influence the stability of stands to windthrow and snowbreak showed low levels of

correlations to ecological gradients of the originating location of tested seed stands.
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Introduction

One of the most important tree species from Europe,
the Norway spruce [Picea abies (L.) Karst.], covers approx-
imately 23.4% of the entire Romanian forest area and 77%
of coniferous forests. In the Romanian Carpathians, Nor-
way spruce is the predominant species at altitudes between
1200 and 1800 m (Feurdean ez al., 2011). It is found in
pure spruces stands, located at high and medium altitudes
ranges, and in mixed stands with Silver fir and European
beech, which are localised mainly in low and medium
mountain zones (Sofletea and Curtu, 2007).

This study analyses qualitative stem and crown charac-
teristics in order to test the genetic value of open-pollinat-
ed progeny at 33 Norway spruce seed sources, in two field
trials (Avrig and Bretcu) installed in 1980. The stem and
crown characteristics are very important for trees stabil-
ity against the wind and snow, for the wood quality, and
also to predict the biomass assimilation. For this reasons,
the stem and crown traits were previous analysed in many
studies (Kantola and Mikeld, 2006; Kilpelainen e# /.,
2010; Mikinen and Hein, 2006; Mihai, 2009).

The data obtained will be used to identify populations
in the Carpathian areas where the Norway spruce has a
better capacity for adaptation to environmental condi-

tions, to enable sustainable forest management, and espe-
cially to ensure their increased stability. The behaviour of
populations originated from different Carpathian branch-
es, the results of local or nearest to testing site populations
and of the population 5-Moldovita (LUER.O. standard
provenance), as well as the correlations between analysed
traits, and between these and the ecological gradients of
the seed stands origin, are a further working hypothesis in
this study. Also, the data obtained will be complementary
to those obtained in Norway spruce field trials performed
in various countries (e.g. France, Poland, Bulgaria, Fin-
land, Hungary and Romania), where many populations
originating from the Romanian Carpathians are consid-
ered superior to local populations and to the populations
of other geographical areas (Alexandrov and Stancova,
1997; Enescu and Ionita, 2002; Giertych, 1993; Héois
and Van de Sype, 1991; Naapola, 1997; Tollefsrud ez 4l.,
2008; Ujvari and Ujvari, 2006), including in terms of their
high capacity for biomass assimilation.

Materials and methods
Plant material

Selection of the 33 seed stands included in the experi-
ment (Tab. 1) was based on representativeness criterion,
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Tab. 1. Location of the tested seed stands (Sofletea 2012)

Seed sources Altitude [m]/

Code (Carpathian branch*) }Zt:glfj d[eI\HZ/] y

1 Cosna (EC) 1025/47°28'/25°10'
2 Dorna Candreni (EC) 990/47°17'/25°05'
3 Frasin (EC) 755/47°28'/25°48'
4 Marginea (EC) 670/47°49'/25°50'
5 Moldovita (EC) 855/47°39'/25°34'
6 Seulpicani (EC) 985/47°22//25°46
7 Nasiud (EC) 1210/47°28 /2425
8 Prundul Bargiului(EC) 1290/47°05'/24°45'
9 Rodna (EC) 890/47°26'/24°50'
10 Sanmartin (EC) 900/46°13'/25°57'
11 Toplita (EC) 910/46°45/25°20'
12 Gurghiu (EC) 1225/46°45'/24°50'
13 — 1190/46°40'/25°05'
14 Tarciu (EC) 930/46°54'/26°06'
15 Comandau (CC) 1150/45°45'/26°20'
16 Nehoiu (CC) 1120/45°37'/26°30'
17 Nehoiasu (CC) 1080/45°30'/26°10'

Seed sources Altitude [m]/

Code (Carpathian branch*) }Ztritgl:td; d[eI\HZ/] y
18 Brasov (CC) 1020/45°35'/25°35'
19 Azuga (CC) 1210/45°28'/25°40'
20 Domnesti (SC) 650/45°11'/24°49'
21 Origtie (SC) 680/45°43'/23°16
22 Bistra (SC) 1350/45°35'/23°45'
23 Voineasa (SC) 1410/45°17'/23°55'
24 Retezat (SC) 970/45°27'/22°51"
25 Bozovici (BM) 600/44°57/21°59"
2% Viliug (BM) 940/45°12/22°02
27 Belis (AM) 1210/46°32'/23°02
28 Turda (AM) 1200/46°33'/23°02'
29 Beius (AM) 520/4652/22°23
30 Dobresti (AM) 510/46°53'/22°20'
31 Sudrigiu (AM) 1050/46°31'/22°35'
32 Campeni (AM) 1237/46°25'/23°10°
33 Garda (AM) 1295/46°29'/22°55'

EC - Eastern Carpathians; CC - Curvature Carpathians; SC - Southern Carpathians; BM - Banat Mountains; AM - Apuseni Mountains; BM+AM =

‘Western Romanian Carpathians.

with the goal of having at least one valuable population
from each R of p. Tested trees came from seedlings result-
ing from 10 open-pollinated seed trees for each popula-
tion (Enescu and Ionitd, 2002).

The two field trials were established in different en-
vironmental conditions. The Avrig trial was located out-
side the Norway spruce’s natural distribution range, in
the Southern Subcarpathians, at 615 m altitude (about
300 m lower than the natural limit), at 45°39°36” N and
24°26’12” E (Budeanu ¢z al., 2012). The average annual
temperature is 8.3 °C and the mean annual precipitation is
680 mm (ANM, 2011). The Bretcu trial was located in the
ecological optimum for the species, in the transition zone
between the Eastern Carpathians and the Curvature Car-
pathians, at 1100 m average altitude, at 45°58°16” N and
26°24’12” E (Budeanu ez al., 2012). The average annual
temperature is 4.8 °C and the mean annual precipitation is

830 mm (ANM, 2011).

Experimental design and sampling

In both trials the experimental design was an incom-
plete balanced square grid design, type 6 x 6, with three
replications and 49 seedlings per plot planted at 2 by 2
m spacing (Budeanu ez 4/., 2012). Three of the 33 tested
populations (The 1-3 code numbers) are repeated in each
replication for completing the experimentally plot.

Data analysing

According to the methodology of data collection in
such field trials developed by IUFRO (Lines, 1967), in

each unitary plot evaluations were performed on 10 trees,
so that for each local population 30 trees were measured,
and the total number of trees studied in each trial was
1080.

The following measurements and determinations were
taken concerning the following characteristics (traits):

A) Measured variables:

- Total height (TH) and diameter at breast height
(DBH);

- Pruning height (PH), the height from the ground to
first green branch;

- Crown diameter (CD), as an average between the
maximum and minimum value measured at the base of
the crown.

B) Calculated parameters:

- Pruning height ratio (PHR) = (PH / TH) x 100;

- Tree slenderness coefhicient (TSC) = TH / DBH;

- Crown slenderness coefficient (CSC) = TH / CD;

- Crown ratio (CR) = (TH - PH) / TH x 100;

- Crown lateral area (CLA) = (CH x CD) / 2, where
CH is the height of the crown.

Applying ANOVA, variance components due to influ-
ence of populations and replications were determined, as
well as residual variance. Corresponding to the experimen-
tal design used, the mathematical model for the analysis of
variances was that recommended by Nanson (2004) and
White et al. (2007):

Xiik =m+ Qg + B] +Eii
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where: m = overall average value, o =component of i
populations (i=1...a), B =component ofj j replications in i
populations (j=1..b), ¢, '=random error affecting ij plots.
To determined what part of the variation was caused
by populations and environment the bi factorial analyzed
model were also used (Nanson, 2004):where: m and «i

Xiik =m +q + B] + aBij + Eijk

have the same signification, [3 = component of j localities
(j=1.b), oLB interaction of i populations with j locali-
ties, €, k = random error.

The level of significance was established using the Fish-
er’s (F) test and the population ranking and their homoge-
neous groups were determined using the Duncan’s test (p
=5%). Also determined was the simple Pearson correla-
tions between traits, and between traits and the ecological
gradients of the originating seed stands. The most impor-
tant multiple correlations were also determined.

All statistical analysis and graphs were performed using
Statistica 8.0 and Excel.

Results and discussions

Pruning height (PH) and (PHR)

Pruning height mean value was 9.3 m in Avrig trial
(PHR = 50%) and 8.7 m in Bretcu trial (PHR = 51%).
For 78.8% of the tested seed stands the PHR values were
higher for the field trial located in the Norway spruce’s
natural distribution range.

The comparative analyse of PHR values of both testing
sites showed certain differences due to the populations be-
ing from different Carpathian branches. Thus, the greatest
difference between the two testing sites was for the seed
stands originating in the Western Romanian Carpathians,
and was 4.5%. The populations from the Eastern Car-
pathians were the most stable with reference to the PHR
values, the average difference between the two tested sites
being 1.6%. In fact, from the total populations identified
as valuable for this trait, more than half belonged to the
Eastern Carpathians. Even when higher PH values were
seen ONR, no matter which Carpathian branch they orig-
inated from, the average value for the Eastern Carpathians
was higher than the average for the rest of the Carpathian
branches by 5.7% to 6.8% (Fig. 1).

W Avrig trial

DOBretcu trial

Eastern  Curvature  Southern _ Westem
Carpathians Carpathians Carpathians Carpathians

Fig. 1. Pruning height and pruning heighe ratio in different branches of
Romanian Carpathians

595

This situation was generated through the more active
height growths ONR of the seed stands from the Eastern
Carpathians, also revealed in other field trials located in
the Carpathians or in other geographic areas (Budeanu
et al., 2012; Héois and Van de Sype, 1991; Mihai, 2009).
For both experiments ANOVA (Tab. 2) revealed highly
significant differences (p<0.001) between the seed stands.
Factorial Anova (Tab. 3) shows a very significant influence
of the test site, but in the same time highly significant dif-
ferences among populations also resulted.

In both trials, local provenances were ranked in the sec-
ond half, concerning PHR. The LUER.O. standard prov-
enance (5-Moldovita) was registered a PHR of 50% (rank
16) ONR and 53% (rank 11) in the Bretcu test.

The PH was higher by 6.4% in the Avrig test, located
ONR, as a result of higher values for total height (TH). In
fact, between TH and PH there is a highly significant and
positive correlation (Tab. 4), of greater intensity in Avrig
trial (r = 0.30), compared to Bretcu trial. At the same time,
the influence of the latitude of the seed stands origin was
seen only in Avrig test (r = 0.11).

The PH values of approximately 50% of the total
height have been reported in other studies in Romania,
both in provenance trials, at the age of 40 years (Mihai,
2009) and in natural cvasivirgine stands (Florescu ez 4/,
2002). The correlation between PH and TH determined
by Mihai (2002) in a series of provenance trials analysed
at the age of 25 years was higher than in our study, varying
between 0.59 and 0.93.

In Sweden, the PHR was only 22% of the total height,
at the average age of 66 years of the trees analysed (Peters-
son, 1997). Relatively small values of PH were recorded
for Sweden in trials on 30 year-old spruce (Norén and
Persson, 1997). However, in northern European spruce
stands a highly significant correlation between PH and
the TH was seen, as recorded by Tahvanainen and Forss
(2008) in a study in Finland.

Tree slenderness coefficient (TSC)

In the field trial established ONR, as a consequence of
the much more active height growths favoured by the spe-
cific site conditions, all the tested seed stands registered
higher values for the TSC. The TSC average value was
101.6 in the Avrig test and 85.4 in the Bregcu test (19%
difference). The amplitude of variation was about 2.4 times
higher in the test placed outside of the natural area.

In accordance with this, applying the ANOVA test
showed distinctly significant values between the seed
stands in the Avrig test (p<0.01), but no significant dif-
ferences in the Bretcu test (Tab. 2). Two way Anova (Tab.
3) shows a very significant influence of the test site, but
in the same time a highly significant populations x local-
ity interaction, suggesting that the same population react
different to the changing of the environmental conditions.
That conclusion is valuable for all of the analyzed traits.
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Tab. 2. ANOVA for the pruning height (PH), tree slenderness coefhicient (TSC), crown slenderness coethicient (CSC), crown ratio

(CR) and crown lateral area (CLA)

Teait Sou'rce of DE Sum o.f Sql.larcs Mean . Sum of Squares Mean Squar.c (s
Variance Avrig trial Square (s*) value Bretcu trial value
Replication 2 16.85 8.42 - 65.95 32.98 -
PH Population 35 372.88 10.65 651 169.76 4.85 313
Error 1042 1704.92 1.64 - 1617.25 1.55 =
Replication 2 1441 721 - 590 295 -
TSC Population 35 17986 514 191 10423 298 1.39
Error 1042 280295 269 - 223745 215 -
Replication 2 37.16 18.58 - 219.09 109.54 -
CSC Population 35 355.1 10.15 203 230.87 6.60 1.60
Error 1042 5210.73 5.00 - 4304.82 413 -
Replication 2 0.0271 0.0135 - 0.2159 0.108 -
CR Population 35 0.6748 0.0193 3.3 0.5611 0.016 235"
Error 1042 6.0575 0.0058 - 7.1204 0.0068 -
Replication 2 4168 208.4 - 881.4 4407 -
CLA Population 35 5240.3 149.7 258" 1884.5 53.8 1.47*
Error 1042 60401.5 58.0 - 38163.8 36.6 -

DF = Degrees of freedom; * p<0.05; ™ p<0.01; *** p<0.001.

Tab. 3. Factorial ANOVA for the Norway spruce populations combined over locations

S f S f M

ouree o D.E Trait Hum o can ) Trait Sum of squares  Mean squares (s”)
variation squares squares (s”)

Locality 1 189.5 190™* 140683 140683
Population 35 : 302.6 8.6™ Tree 10410 297
Population Pruning slenderness

Optat 35 height 240.0 A ) 17998 514

xlocality coefhicient

Error 2088 3405.0 1.6 506071 242

Locality 1 49891 499" 1163.4 1163
Population 35 Crown 22424 64 31635 90.4
Population slenderness o

e 35 : 36173 05 lateral area 3957.6 IHERES

x locality coefficient

Error 2088 9771.80 4.68 99873.6 47.8

DF = Degrees of freedom; * p<0.05; ™ p<0.01; *** p<0.001.

The largest differences between the two testing sites
were seen for the populations coming from the Southern
Carpathians (22.5%) and Eastern Carpathians (21.5%).
These showed on the average the lowest values for the
test located INR, and the highest ones for the test located
ONR. In the test from outside the Norway spruce’s natu-
ral distribution range we noted the Western Romanian
Carpathians seed stands, because approximately 44% of
them had values for TSC below 100 in Avrig test.

The seed stands situated at the smallest distance from
the two testing sites (as local populations) showed differ-
ent reactions. Thus, the local population 22-Bistra showed
in the Avrig test one of the highest values for the TSC
(107), which was a difference of 27.4% to the test in the
natural area. In the Bretcu trial, the two local populations
(10-Sanmartin and 15-Comandiu) registered close values
to the average for the entire trial (84 and 85, respectively).

The values for TSC determined in our study are very
close to those reported by Mihai (2009) for two prov-
enance trials in Romania, on tress of 40 years of age, one
situated outside the natural distribution range and one sit-
uated in the ecological optimum for the Norway spruce, in
which higher values were also seen for trees outside of their
natural range. The TSC decreases with age, and in mature
stands in the Romanian Carpathians does not exceed a
value of 80 (Florescu ez 4l., 2002). In Germany, at the same
age (100 years), TSC increased according to stand produc-
tivity and increasing number of trees per hectare: 51 for
350 trees / ha and 84 for 1600 trees / ha (Mikinen and
Hein, 2006; Schmidt and Kindler, 2009). In Finland, at
the age of 52 and 60 years a TSC of 89 and 85, respectively
was observed (Rautiainen ez a/., 2008; Repola, 2009). In
Norway, at the age of 30 years, of five examined full-sib
field trials, the TSC had a value of 89 (Steffenrem ez 4/,
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Variables PH TSC CSC CD CR CLA
AVRIG field trial
Pruning height 0.02 0.15"* -0.05 -0.73™ -0.20"
Tree slenderness coefficient - 0.73"* -0.81* -0.49™* -0.77*
Crozf;ezqecnigs:ness i 087 053 075
Crown diameter - 0.57* 0.95
Crown ratio - 0.73"*
Crown lateral area -
Total height 0.30"** -0.66* -0.52"** 0.74™* 0.43"* 0.79"*
Radial increment 0.01 -0.62°* -0.34™ 0.52"* 021 0.55
Survival rate 0.09* 0.19"** 0.14™* -0.16™* -0.20" -0.20"*
Latitude (N) 0.11* 0.00 -0.05 0.06* -0.03 0.06*
Corrected Latitude 0.00 -0.03 0.02 0.02 0.00 0.02
Longitude (E) 0.09* 0.03 0.03 -0.05 -0.08" -0.07*
Altitude -0.05 -0.03 0.00 -0.01 0.01 -0.01
BRETCU field trial
Pruning height - 0.05 0.10* -0.06* -0.78 -0.33™
Tree slenderness coefficient - 0.69™* -0.78* -0.49" -0.77*
Lro‘cvg‘eﬁicgfsine“ - -0.89" 042" 073
Crown diameter - 0.48* 0.90"*
Crown ratio - 0.75™
Crown lateral area -
Total height 0.20"** -0.70™* -0.49* 0.67* 0.45™* 0.74™
Radial increment -0.13* -0.58™* -0.09* 0.22* 0.28* 0.40™*
Survival rate 0.13*** 0.09* 0.18"* -0.21" -0.15™ -0.20*
Latitude (N) 0.00 -0.01 0.02 -0.02 0.03 0.00
Corrected Latitude 0.06* -0.02 0.04 -0.01 -0.04 -0.01
Longitude (E) -0.02 -0.04 -0.06* 0.05 0.02 0.02
Altitude 0.07* -0.02 0.03 0.00 -0.05 -0.01

All correlations were established for 1080 trees / trial, excepted the correlations with radial increment, calculated for 324 trees / trial

2007), while in France, at the same age, it was 86 (Colin
and Houllier, 1992). The measurements made in a field tri-
al established in Poland (Rozkowski, 2004) identified in-
tense and highly significant correlations between pruning
height at 36 years old and total height reached at the age of
9 (r = 0.68), with a base surface at age 13 (r = 0.65).

Conversely, our evaluations made in the two field trials
showed that the TSC did not correlated with the gradients
of the geographic location of populations’ origin (Tab. 4).
In both trials negative and significant correlations were
seen with the mean radial increment (r = - 0.62 in the
Avrig trial and r = - 0.58 in the Bretcu trial).

The reduction of TSC with age is a beneficial adaptive
response for spruce. Higher values recorded, especially in
trials from outside the natural range in pre-mountainous
areas, as in the Avrig trial, determine vulnerabilities. In
fact, values for TSC higher than 80 are considered critical
for spruce (Abetz, 1987).

Crown characteristics
Because of the 10.6% lower average values for the total
height in the Bretcu trial, but 9.6% higher for the crown

diameter, the Crown slenderness coefficient (CSC) is 17.5%
higher in the test located outside the natural range. In the

W Avrig trial
OBretcu trial
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P c Carpathians  Carpathi

Fig. 2. Crown slenderness coefficient in different branches of
the Carpathians

Carpathian branches the CSC values are 20.0% - 23.6%
higher in the Avrig trial for the seed stands originating in
the Eastern Carpathians, the Curvature Carpathians and
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the Southern Carpathians, but only 6.8% higher in the
Western Carpathians (Fig. 2).

Trees with large height generated low levels for CSC
in both testing sites. However, the negative correlation
between the mean annual radial increment and CSC was
more intense and significant ONR (Tab. 4). Of the total
biomass production, the twigs and the needles contribute
40% (Kilpelainen ez al., 2010). However, well-developed
crowns are an opportunity for abundant fructification
(White et al., 2007).

Due to the fact that at older ages the CSC reduces, it
is expected that the proportion of biomass stored in the
trunk will grow.

Crown ratio (CR) is another very important trait for
measuring the accumulation of biomass in spruce. In fact,
Kantola and Mikeld (2006) considered this parameter as
a key source of structural variation between different ages
and social positions. The value determined by the afore-
mentioned authors, at the age of 30 - 40 years was 18%
higher than that recorded in this paper (50%). Colin and
Houllier (1992) indicate a roughly exponential function
for CR decreasing with age, and in Norway spruce stands
in Finland there is a negative correlation between CR and
TSC, with the value r = - 0.38. In our study, in both trials
this correlation was highly significant (r = - 0.49).

The crown lateral area (CLA) was approximately 15
m2 and showed an increasing trend in the trial located
ONR (+ 9.7%). The seed stands originating in the South-
ern Carpathians represented an exception, the balance be-
tween the CLA values in the two trials being almost zero.
The greatest differences between the two trials were seen

W Avrig trial
Bretcu trial

18 77

Eastern Curvature  Southern Western
Carpathians Carpathians Carpathians Carpathians

Fig. 3. Average values of crown lateral area according to the seed stands
origin

between the seed stands originating in the Western Roma-
nian Carpathians, for which the values were 25.4% higher
in the Avrig test (Fig. 3). We also noted that the CLA was
increased ONR, but the behaviour in the two trials dif-
fered between different branches of the Carpathians.

The CLA was highly and positively correlated with
the mean annual RI, but correlated more strongly in the
ONR trial (Tab. 4). The correlation was much stronger in

relation to the total height (r = 0.79; r = 0.74). The posi-
tive effect of CLA determined on the radial increment
and height was highlighted by the multiple correlation
presented in Fig. 4.

In order to increase the stability of Norway spruce
stands, in conjunction with their native potential con-
cerning stem and crown traits, other complementary sil-
viculturale procedures (such as establishment of mixed
stands, formation of well balanced stems and crowns by
carly thinning of the stands, proper distribution of the

=

W W
a Bk

AN |RIAIR) UIOXD
wa
(=]

£ale |RIANR) UMOYD
i)

Multiple R (z/xy) = 0.42 ***, Multiple R® = 0.18 **

Fig. 4. Multiple correlation between CLA, Rl and TH in Avrig (left) and
Bretcu (right) trials

stand in the timber harvesting process, etc.) must be taken
into account, as they proved to be very efficient even in
conditions of strong impact from harmful environmental
factors (Klopcic ez al., 2009; Schiitz ez al., 2006).

Conclusions

The Norway spruce populations adapted to the moun-
tainous environmental conditions, showed, in the field
trial located outside of their natural distribution range,
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an evident accentuation of the stem and crown traits that
generate vulnerability against the disruptive effects of
wind and snow. These results confirm the risks of planting
the Norway spruce outside its natural distribution range.

The fact that the populations react different to the
changing of the environmental conditions, revealed by
Anova, indicate an increased risk of forest reproductive
material transfer without a scientific base provided by the
multisite field trials.

The correlations between the traits involved in the
temporal and spatial stability of stands, as well as the cor-
relations determined by the geographic gradients, confirm
the utility and necessity of evaluations using multisite tri-
als in the management of risks for Norway spruce stands.

Having a high bioaccumulation potential in the lands
situated outside the natural range and also having smaller
slenderness indices, Western Romanian Carpathian seed
stands could be used as a source for supplying seeds to in-
stalled the biomass cultures in the areas protected from the
harmful action of the abiotic factors (wind and snow).
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