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Abstract The aim of our study was to analyze the stability traits between 33 
Norway spruce provenances tested in five field trials across different environmental 
conditions, in two major variants of the Romanian Carpathians: outside of the 
natural distribution range (ONR) and in the natural habitat (INR). To justify the 
early selection, we selected 40-year-old trees and measured tree height (Th), breast 
height diameter, pruning height, crown diameter, tree volume, tree slenderness 
(Ts), pruning height ratio, and crown slenderness, which were then compared on 
a time series with measurements from trees at 30 and 10 years old, respectively. 
All provenances reacted to the changes in the environmental conditions, presenting 
higher Th in the warmer ONR environments, compared with the results of the 
mountain INR trials, with negative consequences on the stand's stability. In all trials, 
highly significant differences resulted between, and especially within provenances, 
suggesting a high potential for adaptation in the future climate change scenario. 
An analysis of the stability traits suggests that we must avoid ONR afforestation 
with Norway spruce. All the elite provenances (Marginea, Gurghiu, Comandău, 
and Sudrigiu), together with Câmpeni and Turda, were highlighted, both for the 
stability and growth traits, whereas the local provenances and the standard IUFRO 
provenance were ranked below the average of the trials. The age-age significant 
correlations and the ranking of the provenances show that no major changes 
occurred in the last ten years, confirming the backward selection performed at the 
age of 30 years. The juvenile–mature correlations were also strong but the different 
evolutions in time of the elite provenances eliminate the possibility of a juvenile 
selection. The forward selection strategy, for the best trees belonging to the six 
mentioned provenances, according to Ts, can be applied in the INR trials.
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Introduction

In Europe, the Norway spruce (Picea abies 
(L.) Karst.) is economically important due 
to the high-growing capacity of the species 
and the wood quality; however, this species 
is vulnerable to windstorms (drown rooting) 
and the specificity of the regeneration, mostly 
artificial (plantations), which represents two 
major drawbacks for this species (Jansons 
et al. 2015, Zeltinš et al. 2019). The climatic 
perturbations of the last years had a negative 
influence on the Norway spruce stands stability 
(Keenan 2015, Steffenrem et al. 2016, Pretzsch 
et al. 2018, Semeniuc & Popa 2018). Even 
if Norway spruce is considered a flexible 
coniferous species, it can react differently to the 
changing environmental conditions (Kauppi et 
al. 2014, Rosner et al. 2014, Boshier et al. 2015). 
Consequently, testing the adaptation capacity of 
the different provenances, which will be a seed 
source in the future, is an important objective 
for geneticists. The selection of the most 
productive and well–adapted provenances and 
their use in similar environmental conditions 
represent a good practice response to climate 
change (Ruotsalainen 2014, Keskitalo et al. 
2016, Frank et al. 2017, Kapeller et al. 2017), 
especially for Norway spruce, which regenerates 
almost exclusively by planting. A gain of a 
minimum of 20% in volume production can be 
obtained by using genetically improved forest 
reproductive materials in afforestation (Marcu 
et al. 2020). In Europe, numerous comparative 
trials were conducted under the coordination 
of the IUFRO, providing useful information 
about the most valuable provenances for growth 
traits, wood quality, and adaptability (Żółciak 
et al. 2009). Some studies recommend the 
successive evaluations of the provenances in 
the same trial, as it can lead to some changes 
in time concerning the ranking of provenances 
(Zubizarreta–Gerendiain et al. 2012, Șofletea & 
Budeanu 2015). In this regard, identifying the 
optimal age for backward selection [promoting 
some provenances in the seed tested category 
(elite category) according to the results of their 

descendants] is particularly important in order to 
reduce the waiting time in the future. The age–
age and juvenile–mature correlations, as well as 
the evolution in time of some provenances help 
us to accurately establish the optimal moment 
for backward selection (Hylen 1995, Isik et al. 
2010, Hayatgheibi et al. 2018).
 In Romania, Norway spruce covers 23.2% of 
the countries forests and is the most dominant 
species in the mountain area (Șofletea & Curtu 
2007). To preserve forest genetic resources 
(FGR), a dynamic conservation strategy 
(Koskela et al. 2013) was implemented in 
33 European countries (Lefèvre et al. 2013), 
including Romania. In Romania, 89 FGR were 
selected for in situ conservation of the Norway 
spruce (Budeanu et al. 2019). The most valuable 
provenances are also preserved ex situ, in seed 
orchards (14) and field trials (34). In Romania, 
to test the genetic variability and adaptability 
of 33 Norway spruce provenances (initially 
selected as untested seed stands) in multisite 
comparative trials, six open-pollinated progeny 
trials were established in spring, 1980. In 2010, 
four of these provenances were designated as 
tested seed sources (the most important seed 
stand category) based on the results obtained by 
their descendants in these trials.
 In our study, we aimed to evaluate the genetic 
variability and age-age correlations of Norway 
spruce (Picea abies) provenances in five trials 
(one trial has been decommissioned), when the 
trees were 40 years old. The following issues 
were evaluated: i) evaluation and performance 
comparison of provenances in contrasted 
environments; ii) optimization of selection 
strategy (juvenile–mature and trait correlations).

Materials and Methods

Ten seed-trees were selected from 33 native 
seed stands of Norway spruce (Figure 1 and 
Table 1) based on the phenotypic traits [tree 
height (Th), breast height diameter (Dbh), 
pruning height (Ph)]. The distance between 
the selected mother trees was up to 50 meters, 
to minimize the possibility of inbreeding. Seeds 
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Figure 1 Location of the trials and the tested population's origin.

were collected from each tree and bulked at the 
provenance level. Five comparative trials were 
installed in the spring of 1980 to compare the 
provenances (for growth, quality, and stability 
traits) and to promote the best of them (backward 
selection) in the tested seed sources category 
(elite seed stands). In the early stages of the 
breeding programs, the progeny tests are used 
for backward selection (selection of valuable 
populations by testing their progenies). At the end 
of the testing program, the trials can be included 
in the forward selection (the most valuable trees 
from the best provenances will be included in the 
future breeding programs).
 Three comparative trials (Brețcu, Gurghiu, 
and Nehoiu) were established in the optimum 
ecological distribution range of Norway spruce 
(INR), in the mountain mixed-forests and 
the other two (Avrig and Târgu Lăpuș) were 
established outside of the natural distribution 
range (ONR), at low altitude.
 Two trials (Târgu Lăpuș and Gurghiu) were 
located in the Eastern Carpathians (in the inner 

part), two in the Curvature Carpathians (Brețcu 
inner and Nehoiu outside of the curvature), and 
the last one (Avrig) was situated in the Southern 
Carpathians, ONR (Figure 1).
 The Avrig and Târgu Lăpuș trials were 
established ONR, in forest lands with medium 
quality and productivity, while all INR trials were 
located in mountainous mixed-stands (Norway 
spruce, silver fir, and European beech) vegetation 
forests (Table 2).
 One replication of the Nehoiu trial was affected 
by windfalls in the past decade, and as a result, 
only two viable replications (blocks) remained. 
No thinning was performed in these trials.
 An incompletely balanced 6 x 6 square-grid 
design was implemented in all trials, with 3 
replications and 49 seedlings per subdivided plot, 
planted at 2 by 2 m spacing, containing all 33 
provenances, which consisted of the descendants 
of open-pollinated seeds. To realize the 6 x 6 
experimental design, in each replication, three 
provenances (codes: 1, 2, and 3) were repeated 
(Șofletea et al. 2012).
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Table 1 Provenance origin and the unique code assigned in all trials.

Code Provenance name County
Altitude 

(m)
Code

Provenance 
name

County
Altitude 

(m)
1 Coșna Suceava 1025 18 Brașov Brașov 1020
2 Dorna Candrenilor Suceava 990 19 Azuga Prahova 1210
3 Frasin Suceava 755 20 Domnești Argeș 650
4 Marginea Suceava 670 21 Orăștie Hunedoara 680
5 Moldovița Suceava 855 22 Bistra Alba 1350
6 Stulpicani Suceava 985 23 Voineasa Vâlcea 1410
7 Năsăud Bistrița-Năsăud 1210 24 Retezat Hunedoara 970
8 Prundul Bârgăului Bistrița-Năsăud 1290 25 Bozovici Caraș-Severin 600
9 Rodna Bistrița-Năsăud 890 26 Văliug Caraș-Severin 940
10 Sânmartin Harghita 900 27 Beliș Cluj 1210
11 Toplița Harghita 910 28 Turda Cluj 1200
12 Gurghiu Mureș 1225 29 Beiuș Bihor 520
13 Sovata Mureș 1190 30 Dobrești Bihor 510
14 Tarcău Neamț 930 31 Sudrigiu Bihor 1050
15 Comandău Covasna 1150 32 Câmpeni Alba 1237
16 Nehoiu Buzău 1120 33 Gârda Alba 1295
17 Nehoiașu Buzău 1080

Note:Codes 1–14: Eastern Carpathian provenances, 15–19: Curvature Carpathians, 20–24: Southern Carpathians, 
25–33: Western Romanian Carpathian provenances.

Table 2 Location and environmental conditions of the trials.

Trial County/ Forest district
N Latitude/ 

E Longitude/ 
Altitude (m)

Exposition/ 
Slope Soil

MAT(°C)/ 
TGS(°C) 

SAP(mm)/ 
PGS(mm)

Avrig Sibiu Avrig
45˚39'/ 24˚26' 

615
-/ 0° eutricambosoil 8.3/ 16.7 680/ 388

Târgu Lăpuș Maramureș Târgu Lăpuș
47˚27'/ 23˚52' 

390
East/ 15° 

eutricambosoil
8.7/ 16.0 712/ 434

Brețcu Covasna Brețcu
45˚58'/ 26˚24' 

1100
Northeast/ 15° 
eutricambosoil

4.8/ 13.4 830/ 473

Gurghiu Mureș Fâncel
46˚48'/ 25˚04' 

1000
North/ 25° 

eutricambosoil
5.7/ 14.0 810/ 462

Nehoiu Buzău Siriu
45˚33'/ 26˚17' 

1100
East/ 20° 

eutricambosoil
6.1/ 13.6 835/ 510

Note:MAT= mean annual temperature; TGS= average temperature of the growing season; SAP= sum of the annual 
precipitations; PGS= sum of the precipitations of the growing season.

Following the IUFRO methodology (Lines 
1967), ten trees were randomly selected in 
each subdivided plot. Measurements were 
taken when the trees were 40 years old to 

determine trees growth and the quality of stem 
and crown, such as:

-Diameter at breast height (Dbh) was 
measure using a forest caliper;
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-Trees height (Th) and pruning height (Ph) 
were taken using a Vertex IV instrument; 
pruning height is defined as the height from 
the ground to the first green branch.
-Crown diameter (Cd) projections were 
measured using an electronic telemeter;
Next, traits were calculated based on the 
field measurements:
-Tree slenderness index was calculated using 
the formula: Ts= Th/Dbh;

 Trees slenderness index (Ts) is important 
in the evaluation of the stability of Norway 
spruce stands; an ideal value of Ts is 80 and 
a value higher than 100 could jeopardize the 
stability of forests and their resistance to wind 
and snow damage (Popa 2005).

-Trees volume was calculated using the 
regression equation method elaborated by 
Giurgiu et al. (2004);
-Pruning height ratio was calculated using: 
Phr= Ph/Th ×100 (%);
-Crown slenderness was calculated using: 
Cs= Th/Cd.

 The most important traits for the stands 
stability (meaning resistance to damage caused 
by wind and snow) are Ts, Cd and Cs. Lower 
values for Ts and Cd and higher for Cs are 
required. Also, higher values for Ph and Phr 
(fewer knots in the wood), but also for growth 
traits (especially for Dbh) are required. Another 
important stability trait, survival rate, has not 
undergone significant changes in the last 10 
years, which is why it has not been introduced 
in the analysis. However, the survival rate 
influenced the general results at the age of 
30 years without significantly influencing the 
results of the four elite provenances.
 The data obtained for all traits were processed 
using STATISTICA 10.0 (2010) and breedR 
package (2016) of R software (2017). The 
Kolmogorov–Smirnov test was applied to test 
the normal distribution and the assumptions of 
ANOVA were verified using Levene's test. In 
each trial, the total variance was separated due 
to replications, provenances, their interaction, 
and the variance of error (residual) by applying 
the ANOVA test (Nanson 2004).

Xijk=m+αi+βj+ αβij+εijk

where: m is the overall average value, αi is a 
component of ith replications (i = 1...a), βj is 
a component of jth provenances (j = 1...b), 
αβij is the interaction of ith replications with jth 
provenances and εijk is a random error affecting 
ijk plots.
 The influence of locality and the provenance 
× locality interaction were determined with the 
bifactorial ANOVA model (Nanson 2004).

Xijk=m+αi+βj+ αβij+εijk

where: m, and βj are as described previously, 
αi is a component of ith locations (i = 1...a), 
αβij is the interaction of ith locations with jth 

provenances and εijk is random error.
 The ranking of the populations and their 
homogeneous groups were determined by 
applying Duncan’s test for a 5% transgression 
probability (α = 5%).
 To analyze the opportunity of using non–local 
seed sources in afforestation, we compared 
the average Dbh and Th results of the trials 
with the average values of the Norway spruce 
natural stands of the forest district where the 
5 trials were established, stand with the same 
age (40 years) and which have benefited from 
similar environmental conditions (Anonymous 
2011, 2016–2019).
 In addition, age–age simple and multiple 
correlations between traits were calculated.

Results

Site effects

For all of the analyzed traits, the average trial 
values differ significantly from one experiment 
to another (Table 3), which means that the 
environmental conditions play a particularly 
important role in the tree phenotypes. In general, 
no more than two trials were grouped (non-
significant differences between mean values), 
the ONR ones for Dbh, tree volume (Tv) and 
tree slenderness (Ts), and INR for Th (Brețcu, 
Nehoiu) and Ts (Gurghiu and Nehoiu). The 
replication factor had a significant influence 
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in four trials (except for the Nehoiu trial), 
which supports the necessity of conducting 
comparative trials with replications; this is true 
for all traits. At the same time, the provenance 
factor played a significant role in three trials 
(except for Brețcu and Gurghiu). Both in terms 
of bioaccumulation capacity (Dbh, Tv) and 
stability (Ts, Cd and Cs), remarkably good 
results were recorded in the Brețcu test, at the 
opposite pole being the Gurghiu experiment 
for growth and the ONR trials for stability.
 For the quantitative traits (Dbh, Th, Tv), 
significant differences (p < 0.05) between 
the average of the trials were registered, with 
the highest Dbh and Tv results obtained in 
the Brețcu test, while the highest Th value 
were registered in ONR trials. For Dbh, 
the INR average was superior (statistically 
significant), being 3% higher than the ONR 
average, while for Th, the average ONR was 
9% higher, statistically significant (Table 3). 
The factorial ANOVA analysis (Table 4) shows 
a highly significant influence of the testing 
site (p < 0.001), provenance and the locality 
x provenance interaction, suggesting different 
reactions of the provenances to the changing of 
the environmental conditions; this is true for all 
traits.
 The mean value of Ts calculated for all INR 
trials was 95, which is 11% lower (significantly, 
p < 0.05) than the average value registered for 
the ONR trials. The lowest values of Ts were 

observed in the Brețcu test (Ts = 90) where all 
provenances registered average values below 
the safety threshold (100). In the ONR trials, 
not a single population in the Târgu Lăpuș trial 
and only three populations in the Avrig test had 
Ts values below the safety threshold (Table 3). 
This result forces us to strongly warn against 
afforestation with Norway spruce outside of its 
natural area and at low altitudes.
 The average Cd value of the INR trials 
(3.76 m) was 3.4% lower (favorable for stands 
stability) than the average of the ONR trials, 
especially because of the results registered in 
the Brețcu test (Table 3). In the same trial, the 
Cs also obtained the best result (7.2), which 
was favorable, with 44% more than in the 
Nehoiu test; the last experiment had reduced 
differences between the two test variants for 
both crown traits.
 The mean value of Ph calculated for all 
INR trials was 11.5 m, which is 18% lower 
(significantly, p < 0.05) than the average value 
registered for the ONR trials. The highest 
values of Ph were observed especially in the 
Târgu Lăpuș test (14.7 m). The same situation 
was registered also for Phr, higher in ONR 
trials with 13%, compared to the average 
of INR trials, and with greatest Phr in Târgu 
Lăpuș experiment, 64% (Table 3). In all trials 
and for all traits the effect of the environment 
is decisive.

Table 3 Mean values (± standard deviation) of spruce provenances in multisite trials.

Trials Dbh (cm) Th (m) Tv (m3) Ts Ph (m) Phr (%) Cd (m) Cs

Avrig 22.0 ± 5.0c 22.5 ± 2.6b 0.447 ± 0.2b 106 ± 16c 13.6 ± 1.4b 61 ± 7b 3.6 ± 1.0b 6.7 ± 1.7b

Târgu 
Lăpuș

21.9 ± 3.2c 23.1 ± 2.0a 0.437 ± 0.1b 107 ± 12c 14.7 ± 1.5a 64 ± 5a 4.2 ± 0.5d 5.6 ± 0.7c

Brețcu 24.8 ± 5.1a 21.6 ± 2.3c 0.518 ± 0.2a 90 ± 14a 11.8 ± 1.4d 55 ± 7c 3.2 ± 0.9a 7.2 ± 2.2a

Gurghiu 20.4 ± 4.0d 19.6 ± 2.4d 0.333 ± 0.2c 98 ± 10b 9.8 ± 1.6e 50 ± 9d 3.7 ± 0.8c 5.5 ± 0.9c

Nehoiu 22.4 ± 4.3b 21.4 ± 2.4c 0.432 ± 0.2b 97 ± 11b 13.0 ± 1.7c 61 ± 6b 4.4 ± 0.7e 5.0 ± 0.5d

Note:Dbh = breast height diameter, Th = trees’ height, Tv = trees’ volume, Ts = trees’ slenderness index, Ph = pruning 
height, Phr = pruning height ratio, Cd = crown diameter, Cs = crown slenderness. Significant differences between 
trials (p < 0.05) were highlighted with different letters (a–e).
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Table 4 The influence of the testing site and provenances revealed by ANOVA.

Factors Traits MS* MSP (%) Traits MS* MSP (%)
Locality (L) Dbh 2670 10 Th 1957 22

Provenance (P) 66 2 25 3

L X P 37 5 14 5

Error (Trees) 18 83 5 70

Locality (L) Tv 4.69 10 Ts 52502 20

Provenance (P) 0.13 2 506 2

L X P 0.07 5 340 5

Error (Trees) 0.03 83 156 73

Locality (L) Ph 3884 57 Phr 31311 34

Provenance (P) 6.5 1 176 2

L X P 8.1 4 131 5

Error (Trees) 2.1 38 45 59

Locality (L) Cd 205 21 Cs 842 25

Provenance (P) 1.9 2 4.3 1

L X P 1.2 4 3.7 4

Error (Trees) 73 70
Note: Dbh = breast height diameter, Th = Trees’ height, Tv = Trees’ volume, Ts = Trees’ slenderness index, 

Ph = pruning height, Phr = pruning height ratio, Cd = crown diameter, Cs = crown slenderness. MS 
= mean square, MSP = mean square participations. * Highly significant influences, at p < 0.001, were 
registered for all factors and traits.

Growth traits (Dbh, Th, Tv)

To test whether growths at the age of 40 years 
can be accurately predicted from results at age 
30, we compared the rankings of provenances 
between these two age groups. At age 40, 
for the ensemble of all trials, the best Dbh, 
Th and Tv results was registered by the 32–
Câmpeni provenance, followed by the tested 
12–Gurghiu, whereas the other three elite 
provenances (4–Marginea, 15–Comandău and 
31–Sudrigiu) were ranked in the first half of 
the ranks. The best of the elite provenances, 
12–Gurghiu, was ranked between the first three 
in the Brețcu, Gurghiu and Avrig trials (Figure 
2). For Tv, the 4-Marginea, 15–Comandău and 
31–Sudrigiu provenances were ranked 6th, 
8th, 16th, respectively. The IUFRO standard 
provenance, 5–Moldovița, was ranked 12th, 
while the local provenances were remarked 

bellow the trials average, except of the 
Gurghiu experiment. These results are almost 
similar to those recorded at the age of 30 
years (Șofletea & Budeanu 2015). At the age 
of 30 years (2010), the results of the four elite 
provenances were not decisively influenced by 
the survival rate as they were generally ranked 
in the middle of the rankings for this important 
trait. Of the elite provenances, Comandău 
was especially remarked for its survival rate. In 
2010-2020 period, survival rate has not suffered 
significant changes.

Silvicultural Stability traits (Ts, Cd, Cs)

For Ts, the best provenances (8–Prundul 
Bârgăului, 12–Gurghiu and 17–Nehoiașu) were 
remarkably close to the ideal value, 80 (figure 
3). Two of the elite provenances (12–Gurghiu 
and 4–Marginea) presented low Ts values (high 
stability) in both the Brețcu and Gurghiu trials 
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Figure 2 Cumulative average Tv of the 33 provenances in the five trials.

(ranking among the top five), whereas the other 
two (15–Comandău and 31–Sudrigiu) recorded 
values close to the average of the trials (Figure 
3). Except for the Gurghiu elite provenance, no 
other local provenance, not even the standard 
IUFRO provenance (Moldovița), stood out in 
terms of stability. In the INR trials, 67% (in 
Nehoiu trial) to 100% (in Brețcu trial) of the 
provenances registered an average Ts value 
below the safety threshold (100), whereas 
in the ONR experiments, except of the three 
provenances in Avrig test, all the provenances 
were above the safety threshold (Figure 3). This 
highlights the necessity to formulate distinct 
recommendations for each trial.
 For the ensemble of all trials, two elite 
provenances (Marginea and Sudrigiu) registered 
Cd values equal to the average of the 33 
provenances (3.8 m), and the other two (Comandău 
and Gurghiu) were higher than the average by 
3%–5%. The best Cs results of the fourth elite 
provenances were recorded, once again, by the 
Marginea population, similar to those determined 

for Moldovița, the IUFRO standard provenance. 
At the trial level, in general, the elite provenances, 
highlighted for the growth traits, also registered 
high values for Cd (Figure 4), but they are still in 
the middle of the rankings. The local provenances 
obtained results below the average for Cs, and on 
the average for Cd.

Quality traits (Ph and Phr)

For the ensemble of all trials, the mean Ph of 
provenances varied between 12.1 and 13.0 m, 
representing 55.4% to 59.8% of Th. The high 
Phr values were registered by the Nehoiașu, 
Nehoiu and Brașov provenances. Among the 
elite provenances, the best at natural pruning 
were Sudrigiu and Marginea (59% and 58%, 
respectively), whereas the other two provenances, 
together with the IUFRO provenance (Moldovița), 
registered the lowest Phr, 55%–56% (Figure 4); 
however, a Phr value higher than 55%, which 
was recorded by all provenances, represents one 
of the highest natural pruning for Norway spruce 
in Europe (Budeanu et al. 2014).
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Provenance Ts H. g. (α= 5%)  Provenance Ts H. g. (α= 5%) 
 A     28 97 ***          B     5 100 ***        

23 98 *** ***       32 101 *** ***       
18 99 *** ***       14 102 *** *** ***      
32 100 *** *** ***      17 102 *** *** *** ***     
27 101 *** *** *** ***     10 103 *** *** *** *** ***    
15 101 *** *** *** ***     12 103 *** *** *** *** ***    
31 102 *** *** *** *** ***    6 104 *** *** *** *** *** ***   
3 103 *** *** *** *** *** ***   7 104 *** *** *** *** *** ***   

29 103 *** *** *** *** *** ***   26 105 *** *** *** *** *** *** ***  
17 104 *** *** *** *** *** *** ***  23 105 *** *** *** *** *** *** ***  
30 104 *** *** *** *** *** *** ***  25 105 *** *** *** *** *** *** ***  
12 104 *** *** *** *** *** *** ***  20 106 *** *** *** *** *** *** *** *** 
4 105 *** *** *** *** *** *** ***  33 106 *** *** *** *** *** *** *** *** 

19 105 *** *** *** *** *** *** ***  19 106 *** *** *** *** *** *** *** *** 
1 106 *** *** *** *** *** *** ***  21 106 *** *** *** *** *** *** *** *** 

26 106 *** *** *** *** *** *** ***  4 106 *** *** *** *** *** *** *** *** 
11 106 *** *** *** *** *** *** ***  2 107 *** *** *** *** *** *** *** *** 
21 106 *** *** *** *** *** *** ***  16 107 *** *** *** *** *** *** *** *** 
2 106 *** *** *** *** *** *** ***  18 107 *** *** *** *** *** *** *** *** 

13 106 *** *** *** *** *** *** ***  3 107 *** *** *** *** *** *** *** *** 
20 107 *** *** *** *** *** *** ***  15 108  *** *** *** *** *** *** *** 
10 107  *** *** *** *** *** ***  24 108  *** *** *** *** *** *** *** 
25 108  *** *** *** *** *** ***  30 109  *** *** *** *** *** *** *** 
33 109   *** *** *** *** ***  31 109   *** *** *** *** *** *** 
22 110    *** *** *** ***  11 109   *** *** *** *** *** *** 
5 110    *** *** *** ***  29 109   *** *** *** *** *** *** 
8 110    *** *** *** ***  28 110   *** *** *** *** *** *** 

24 110    *** *** *** ***  22 110   *** *** *** *** *** *** 
16 112     *** *** ***  27 110    *** *** *** *** *** 
7 112      *** ***  13 110     *** *** *** *** 
9 112      *** ***  8 111      *** *** *** 

14 113      *** ***  9 112       *** *** 
6 113       ***  1 113        *** 

 

Provenance Ts H. g. (α= 5%)  Provenance Ts H. g. (α= 5%) 
 

Provenance Ts H. g. (α= 5%) 
 C      8 84 ***     D      4 92 ***     E     23 72 ***       

12 85 *** ***   28 94 *** ***   28 93  ***      
17 85 *** ***   12 94 *** ***   29 94  *** ***     
2 87 *** ***   30 95 *** *** ***  30 94  *** ***     

18 87 *** ***   17 95 *** *** ***  32 94  *** ***     
30 88 *** *** ***  15 96 *** *** ***  2 94  *** ***     
29 88 *** *** ***  6 96 *** *** ***  18 95  *** *** ***    
4 88 *** *** ***  29 96 *** *** ***  17 96  *** *** ***    

19 88 *** *** ***  32 97 *** *** ***  24 96  *** *** ***    
6 88 *** *** ***  7 97 *** *** ***  1 96  *** *** *** ***   
7 89 *** *** ***  9 97 *** *** ***  3 96  *** *** *** ***   

24 89 *** *** ***  5 97 *** *** ***  6 96  *** *** *** ***   
21 89 *** *** ***  22 97 *** *** ***  31 96  *** *** *** ***   
33 89 *** *** ***  16 97 *** *** ***  16 97  *** *** *** *** ***  
26 89 *** *** ***  11 97 *** *** ***  25 98  *** *** *** *** *** *** 
11 89 *** *** ***  23 97 *** *** ***  27 98  *** *** *** *** *** *** 
10 89 *** *** ***  1 97 *** *** ***  26 98  *** *** *** *** *** *** 
22 90 *** *** ***  25 97 *** *** ***  5 99  *** *** *** *** *** *** 
28 90 *** *** ***  24 98 *** *** ***  15 99  *** *** *** *** *** *** 
1 90 *** *** ***  13 98 *** *** ***  7 99  *** *** *** *** *** *** 
9 90 *** *** ***  3 98 *** *** ***  8 99  *** *** *** *** *** *** 

32 90 *** *** ***  2 98  *** ***  33 99  *** *** *** *** *** *** 
3 91 *** *** ***  10 99  *** ***  21 100  *** *** *** *** *** *** 

13 91 *** *** ***  18 99  *** ***  11 100  *** *** *** *** *** *** 
31 91 *** *** ***  31 99  *** ***  12 100  *** *** *** *** *** *** 
5 91 *** *** ***  27 99  *** ***  22 100  *** *** *** *** *** *** 

16 92 *** *** ***  21 100  *** ***  19 101   *** *** *** *** *** 
20 92 *** *** ***  8 100  *** ***  13 101   *** *** *** *** *** 
23 93 *** *** ***  20 100  *** ***  4 102    *** *** *** *** 
15 94  *** ***  33 101   ***  10 103     *** *** *** 
14 95   ***  19 101   ***  14 104      *** *** 
25 95   ***  14 102   ***  9 104      *** *** 
27 95   ***  26 102   ***  20 105       *** 

Figure 3 Duncan test for trees’ slenderness (Ts) in ONR (A- Avrig, B- Târgu Lăpuș) and INR (C- Brețcu, D- 
Gurghiu, E- Nehoiu) trials. Homogeneous groups (H. g.) for 5% transgression probability (α). Provenance codes as 
in table 1. Tested provenances, in red. 

Figure 3 Duncan test for trees’ slenderness (Ts) in ONR (A- Avrig, B- Târgu Lăpuș) and INR (C- Brețcu, 
D- Gurghiu, E- Nehoiu) trials. Homogeneous groups (H. g.) for 5% transgression probability (α). 
Provenance codes as in table 1. Tested provenances, in red.

Comparison with the nearest populations

Tested provenances registered superior 
results compared to the trial’s average, and 
when compared to the natural populations 
from the same forest districts, with the same 

age (40 years) and benefiting from similar 
environmental conditions (Anonymous 2011, 
2016–2019), the elite provenances obtained 
higher Dbh and Th values, by 14% and 16.5%, 
respectively (Figure 5), with significant 
differences (p < 0.05).
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 Provenance Cd(m) Provenance Cd(m) Provenance Cd(m) Provenance Cd(m) Provenance Cd(m) 
A    9 3.1 B    11 3.9 C    27 2.7 D    20 3.4 E    14 3.8 

14 3.2 4 4.0 23 2.9 19 3.4 13 3.9 
7 3.2 33 4.0 33 2.9 14 3.5 5 3.9 

24 3.2 21 4.0 7 3.0 26 3.5 10 4.0 
10 3.2 18 4.1 13 3.1 8 3.5 19 4.1 
6 3.3 19 4.1 31 3.1 13 3.5 11 4.1 

20 3.3 32 4.1 16 3.1 23 3.5 7 4.2 
16 3.3 12 4.1 28 3.1 18 3.6 4 4.2 
19 3.3 13 4.1 25 3.1 24 3.6 20 4.2 
21 3.4 23 4.1 20 3.1 21 3.6 22 4.3 
8 3.4 9 4.2 14 3.1 27 3.6 8 4.3 

33 3.4 1 4.2 10 3.1 10 3.6 21 4.3 
17 3.4 2 4.2 21 3.1 33 3.6 27 4.3 
26 3.5 27 4.2 32 3.2 22 3.6 1 4.3 
13 3.5 16 4.2 1 3.2 1 3.6 17 4.4 
22 3.5 14 4.2 15 3.2 32 3.6 9 4.4 
2 3.6 3 4.2 4 3.2 2 3.6 3 4.4 

31 3.6 29 4.2 11 3.2 17 3.7 24 4.4 
25 3.6 5 4.2 22 3.2 29 3.7 15 4.4 
1 3.6 8 4.3 9 3.3 31 3.7 29 4.4 
5 3.6 15 4.3 26 3.3 11 3.7 30 4.4 

23 3.6 6 4.3 19 3.3 16 3.7 16 4.4 
18 3.6 30 4.3 3 3.3 25 3.7 2 4.5 
30 3.7 26 4.3 29 3.4 15 3.7 6 4.5 
4 3.7 24 4.3 6 3.4 30 3.8 33 4.5 

11 3.7 22 4.3 8 3.4 3 3.8 26 4.5 
12 3.8 20 4.3 17 3.4 6 3.8 28 4.6 
27 3.9 17 4.3 18 3.4 28 3.8 12 4.6 
3 3.9 28 4.3 5 3.4 7 3.8 18 4.6 

29 3.9 10 4.4 2 3.6 5 3.8 31 4.6 
32 3.9 31 4.4 12 3.7 9 3.9 25 4.7 
15 4.0 7 4.6 24 3.7 4 4.0 23 4.9 
28 4.3 25 4.3 30 3.7 12 4.0 32 5.0 

 

Provenance Phr(%) Provenance Phr(%) Provenance Phr(%) Provenance Phr(%) Provenance Phr(%) 
A   14 66.2 B    31 67.4 C   23 58.6 D   19 54.8 E    17 65.4 

20 64.8 16 67.2 25 58.4 31 53.8 16 63.9 
8 63.9 32 67.0 31 57.9 27 53.8 27 63.5 
7 63.4 18 66.8 14 57.6 20 53.5 7 63.4 

23 63.2 33 66.5 19 57.4 17 52.9 12 63.2 
18 62.9 17 66.0 18 57.2 16 52.9 29 62.9 
19 62.8 25 65.5 27 56.8 10 52.8 30 62.8 
6 62.8 24 65.4 20 56.5 7 52.7 11 62.7 

10 62.8 1 64.9 11 56.5 13 52.4 15 62.5 
21 62.3 4 64.8 3 56.1 33 52.2 6 62.5 
22 61.5 8 64.8 4 56.0 26 51.9 2 62.1 
17 61.5 23 64.8 22 55.7 29 51.3 24 61.9 
9 61.3 21 64.4 28 55.5 2 51.1 9 61.9 
4 61.2 27 64.4 7 55.5 28 51.0 22 61.7 

26 61.1 11 64.3 16 55.5 18 51.0 33 61.7 
16 61.1 14 64.1 32 55.1 25 50.6 13 61.3 
29 61.0 29 64.0 17 55.0 32 50.4 14 61.2 
24 61.0 15 63.9 13 55.0 23 50.3 5 61.1 
1 60.9 28 63.6 21 54.9 24 50.0 21 61.1 
5 60.5 3 63.6 6 54.9 1 50.0 23 60.9 
2 60.4 30 63.5 33 54.8 8 49.8 18 60.9 

30 60.2 10 63.3 2 54.5 5 49.3 4 60.8 
31 60.0 7 63.3 10 54.3 6 49.2 28 60.7 
3 59.8 9 63.2 1 54.2 11 48.8 19 60.5 

11 59.6 22 63.1 8 54.1 22 48.7 10 60.3 
12 59.4 26 63.1 9 53.3 30 48.7 3 60.2 
13 59.4 13 63.0 15 53.2 21 48.4 26 60.2 
32 58.6 2 61.9 5 52.6 9 48.3 8 59.6 
33 58.4 20 61.8 30 52.5 14 47.9 25 58.8 
27 58.1 19 61.7 24 52.2 12 46.9 1 58.3 
15 57.7 6 60.2 26 52.0 3 46.9 20 57.0 
25 57.5 12 60.1 29 51.9 15 46.8 32 55.0 
28 56.1 5 59.1 12 50.0 4 46.6 31 51.6 

 
 
 
 
 

 

 

 

 

 

Figure 4 Ranking of the provenances for crown diameter (Cd, up) and pruning height ratio (Phr, down) in 
ONR (A- Avrig, B- Târgu Lăpuș) and INR (C- Brețcu, D- Gurghiu, E- Nehoiu) trials. Provenance 
codes as in table 1. Tested provenances, in red.

Age-age correlations and the behavior of 
provenances in time

The last decade's correlations (Table 5) suggest 
the possibility for earlier selection, at the age 
of 30 years. The highest correlation was found 
between Dbh 2020 and Dbh 2010, Ts 2020 and

Ts 2010 and between Cd 2020 and Cd 2010, these 
traits could be chosen in the selection process.
 The juvenile–adult correlations (1990–2020), 
which are only available for three trials, Avrig, 
Gurghiu and Nehoiu (Enescu & Ioniță 2002), 
and only for growth traits (Figure 6), indicates
the possibility of a very early selection, especially
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Figure 5 The comparison between ONR and INR trials, tested provenances (T-ONR, T-INR) and nearest 
populations (N-ONR, N-INR) for breast height diameter (Dbh, left) and trees’ height (Th, right).

for Dbh, but this choice could be very risky 
because there are many provenances with low 
growth in the juvenile period, growth that activates 
after 30 years. For instance, in the Gurghiu trial 
in 1990, the Brașov provenance was ranked third 
for Dbh, while in 2020 was ranked 23rd. The elite 
Marginea and Comandău provenances obtained 
the opposite results, which went up from 16th and 
14th to the third and fifth positions. At the same 
time, the Gurghiu elite provenance remained in 
first place, whereas Sudrigiu remained in ranked 
9th. For Th, the local and elite provenance, 
Gurghiu, remained at the top of the rankings, even 
with a slight rise, from seventh to third place. The 
other elite provenance, Sudrigiu, remained on to 
the top (from first to the second position), whereas 
the Marginea elite provenance dropped from 4th 
to 14th. The Comandău provenance improved 
from rank 26 to rank 10. The standard IUFRO 
provenance, Moldovița, remained in the middle 
of the ranking for Dbh, and dropped from rank 10 
to 25, in terms of Th value.
 Prudence is further strengthened if we follow 
the evolution on the Nehoiu test, where, in 1990, 
the standard IUFRO provenance, Moldovița, 
occupied the first position for Dbh, but dropped 
in time, reaching rank 31 today (out of the 33 
provenances). With equally bad results, for Th, 
Moldovița dropped from rank 2 to 33, from 1990 

to 2020. For Dbh, the Marginea and Comandău 
elite provenances dropped in ranking (from 3 and 
5 to 22 and 21, respectively), whereas Sudrigiu 
and Gurghiu went up (from 23 and 24 to 10 and 
13, respectively). The same trend was registered 
for Th, with a steeper evolution for Marginea 
(from 1 to 14) and Gurghiu (from 22 to 6). The 
local provenances, Nehoiașu and Nehoiu, did not 
register spectacular evolutions in time, remaining 
in the last third of the rankings, both for Dbh and 
Th. 
 In the Avrig ONR trial, for Dbh, the four elite 
provenances exhibited a different behavior over 
time. Gurghiu remained at the top and went 
up (from 10 to 2), Marginea and Comandău 
climbed spectacularly (from 16 and 22 to 4 and 
6, respectively), whereas Sudrigiu provenance 
remained in the middle of the ranking. For Th, 
three of the elite provenances (except Comandău, 
which was maintained above, but with a slight 
descent, from 3 to 9) went up in the rankings, 
with accelerated evolution for Marginea 
(from the 33 to 3) and Gurghiu (from 26 to 1).
 The standard IUFRO provenance, Moldovița, 
climbed slightly in time, from 9 to 6 for Th, and 
from 14 to 10, for Dbh. The local provenance, 
Bistra, did not register spectacular evolutions 
in time, remaining in the middle of the 
rankings, for Dbh, and in the first third, for Th. 
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Table 5 Age–to–age mean correlations (2010 vs. 2020) between analyzed traits in ONR and INR.
Average ONR trials

Variables Dbh_10 Th_10 Tv_10 Ts_10 Ph_10 Phr_10 Cd_10 Cs_10
Dbh_20 0.71 0.41 0.66 -0.49 0.10 -0.16 0.64 -0.34
Th_20 0.51 0.69 0.60 0.02 0.49 0.15 0.45 -0.03
Tv_20 0.73 0.55 0.73 -0.34 0.24 -0.07 0.60 -0.26
Ts_20 -0.45 0.10 -0.30 0.72 0.31 0.33 -0.55 0.57
Ph_20 0.19 0.42 0.24 0.21 0.42 0.23 -0.15 0.50
Phr_20 -0.35 -0.26 -0.36 0.31 -0.06 0.08 -0.72 0.60
Cd_20 0.82 0.47 0.77 -0.80 -0.09 -0.43 0.81 -0.67
Cs_20 -0.40 0.11 -0.32 0.71 0.56 0.62 -0.64 0.78

Average INR trials
Variables Dbh_10 Th_10 Tv_10 Ts_10 Ph_10 Phr_10 Cd_10 Cs_10

Dbh_20 0.75 0.37 0.70 -0.62 -0.19 -0.40 0.59 -0.47
Th_20 0.70 0.58 0.71 -0.43 0.09 -0.17 0.60 -0.42
Tv_20 0.76 0.43 0.74 -0.57 -0.12 -0.35 0.56 -0.44
Ts_20 -0.47 -0.04 -0.38 0.57 0.40 0.49 -0.35 0.35
Ph_20 0.17 0.26 0.16 -0.06 0.31 0.23 0.20 -0.10
Phr_20 -0.35 -0.17 -0.36 0.28 0.23 0.35 -0.20 0.19
Cd_20 0.42 0.17 0.40 -0.42 -0.38 -0.52 0.48 -0.47
Cs_20 -0.10 0.14 -0.06 0.26 0.53 0.56 -0.22 0.31
Note: Dbh = breast height diameter, Th = Trees’ height, Tv = Trees’ volume, Ts = Trees’ slenderness index, Ph = Pruning 

height, Phr = Pruning height ratio, Cd = crown diameter, Cs = crown slenderness. Significant correlations are 
marked in bold.

Discussion

To increase the resistance of Norway spruce to 
windfalls and snow breaks, it is recommended 
to avoid monocultures and plant this species 
at lower–density planting and in a mixture 
with silver fir and European beech (Gardiner 
& Quine 2000, Badea et al. 2015, Suvanto et 
al. 2019, Samariks et al. 2020, Šilinskas et al. 
2020, Bosela et al. 2021). For south–western 
Germany, recommendations have even been 
made to replace Norway spruce with silver fir 
(especially at higher altitudes), the latter being 
more resistant to previous drought extremes 
(Van der Maaten-Theunissen et al. 2013, Vitali 
et al. 2017).
 In this study, we analyzed the behavior of 
the progenies from 33 seed sources of Norway 
spruce, in five multisite comparative trials (at 
the age of 40 years), with an emphasis on the 
four provenances highlighted in the previous 

evaluation (at 30 years old). Along with the 
data at 10 years old, we tried to analyze the
evolution in time of these provenances compared 
to the local provenances and with an IUFRO
provenance, in order to identify the optimal age 
for backward selection. A particularly important 
trait in the breeding program is the survival rate 
which has not undergone significant changes 
in the last 10 years. At the age of 30 years 
(2010), the results of the four elite provenances 
were not decisively influenced by the survival 
rate as they were generally ranked in the 
middle of the rankings for this important trait.
  The wide diversity of performances (with 
slow or fast-growing, specialized and generalist, 
stable and less stable) of the 33 populations (and 
especially within them) is favorable for adaptation 
to the changing climatic conditions. In a warmer 
climate and benefit from a longer growing season, 
the competition of the 33 provenances for light has 
intensified [the trees grow too tall and too quickly; 
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Figure 6 Juvenile–mature multiple correlations for Dbh (up) and Th (down).

similar results registered in Latvia (Zeltinš et al. 
2019)], given that no thinning has been made in 
these trials so far. If two thinning had been made 
(at 20 and 30 years), the competition would have 
reduced (lower Ts values). Unfortunately, 
previous concerns about the Câmpina ONR 
trial came true, as it was destroyed by the wind, 
in 2016. Following general findings (Chen 
2016), we found that Genotype x Environment 
interaction was stronger for growth traits (Dbh 
and Th) than for quality traits.
 For growth traits (Dbh, Th, Tv), the 
Romanian provenances of Norway spruce 
were previously remarked in several European 
countries, including France (Héois & Van De 
Sype 1991), Bulgaria (Alexandrov & Stancova 
1997) and Hungary (Ujvari E. & Ujvari F. 
2006); the latest data comes from Latvia, 
where the Dorna Candrenilor provenance was 
ranked first, beyond the 45 provenances, for 
Tv, at an age of 32 years (Zeltinš et al. 2019). 
In our research, Dorna Candrenilor was ranked 

10th (for the ensemble of all trials), with a 
remarkable behavior in Brețcu and Nehoiu 
INR trials. In Lithuania, at an age of 35 years, 
a negative correlation between Dbh and knot 
diameter was obtained (Šilinskas et al. 2020), 
with a favorable impact on wood quality, 
which recommends the use of Dbh in selection. 
In Norway, because of the high correlation 
between Th and the number of damaged trees, 
it was also recommended to avoid selection 
by Th (Skrøppa & Steffenrem 2019). Also, 
our research leads to the recommendation of 
the Dbh trait for selection, after the stability 
traits (Ts, Cd, Cs). At the age of 40 years, a 
negative correlation was observed between 
Dbh and Ts (data not shown), the latter being 
in a direct correlation with Cs. In this situation, 
the forward breeding strategy could consider 
selection after Ts (choosing trees with the 
lowest Ts values). As the value of Ts decreases, 
the trees have larger volumes and slender 
crowns.



118

Ann. For. Res. 64(2): 105-122, 2021 Research article 

 For the stability traits, the best values were 
registered in the Brețcu INR trial, whereas 
in ONR tests, the danger of windthrow is 
extremely high, especially due to the Ts values, 
which exceeded the threshold of 100. It is 
recommended to avoid planting Norway spruce 
outside the natural area, at low altitudes. In 
Latvia (Snepsts et al. 2020), trees with a similar 
Dbh but a higher Th (resulting in a higher Ts) 
were more vulnerable to wind damage. Values 
close to the Ts result (90) of the Brețcu test were 
registered in trials with medium environmental 
conditions and close to the Brețcu trees’ age: 
89 in Norway (Steffenrem et al. 2020), and 86 
in France (Loubère et al. 2004). We expected 
the lowest values for Cd (favorable for stands 
stability) to be recorded at the provenances 
from the Apuseni Mountains (a division of the 
Western Romanian Carpathians), area known 
for the existence of narrow–crowned Norway 
spruce ideotypes (Pârnuță 2008); however, 
the populations originating from the Apuseni 
mountains stood out only in the Brețcu test 
(first position), otherwise, they were ranked 
last three times.
 Regarding the quality traits, all provenances 
obtained a Phr higher than 55%. Among 
the elite provenances, Sudrigiu stood out, 
followed by Marginea. A Phr of 50% has 
been reported previously in Romania, both 
in provenance trials, at the same age (Mihai 
2009) and also in natural populations (Florescu 
et al. 2002). A lower Phr mean value was 
registered in Sweden, 22%, and at an age of 
66 years (Petersson 1997). In Romania, recent 
studies concerning the resonance wood for the 
manufacture of musical instruments (Dinulică 
et al. 2015, Albu et al. 2020) highlighted the 
possibility to use less-pruned stems and with 
higher knottiness, if the knots are grouped into 
the whorls and the distance between the whorls 
is long enough.
 The age–age correlations indicate that 
no major changes occurred in the last ten 
years, confirming the backward selection 
performed at the age of 30 years. The four 

elite provenances have remained at the top 
of the rankings, allowing us to maintain the 
populations they come from in the category 
of tested seed sources. The juvenile–mature 
correlations were also high, especially for 
Dbh, for which, the Dbh correlations (from 
10, 30, and 40 years) were highly significant 
(0.71–0.92), compared to the 0.56 and 0.64 
values registered for Th in the Nehoiu and 
Gurghiu experiments, respectively. High 
juvenile–mature correlations were registered 
in Germany, at the same age and planting 
density (2 m x 2 m) of a clonal test (Isik et 
al. 2010). In all our trials, different evolutions 
in time were obtained for the 33 provenances, 
which eliminates the possibility of juvenile 
selection. According to Dbh, except for the 
Gurghiu (only in Gurghiu trial), and Comandău 
(in Nehoiu test), all elite provenances would 
have been excluded from a possible selection 
made in the juvenile stage. Except for Gurghiu 
provenance, all other local provenances 
recorded Dbh and Th results below to the trials 
average also in the juvenile stage, as were 
recorded at 30 and 40 years. In Germany (Isik 
et al. 2010), at a rotation period of 60 years, the 
selection efficiency for Th was maximized at 
age 17, in the juvenile period. Extrapolating to 
our rotation period (110 years), we could reach 
the selection age indicated by us, 30 years. 
In Norway, for wood density, the selection 
age was 28 years (Hylen 1995). In Sweden, 
for a wood trait (microfibril angle), the high 
heritability allows the selection in juvenile 
stage, at 21 years old (Hayatgheibi et al. 2018).
 The future research direction could follow 
to investigate the genetic differences between 
provenances and the comparison of the QST 
and FST coefficients of genetic diversity. In 
Romania, the magnitude of the annual height 
growths of Norway spruce in the warmer 
environmental conditions of the last 30 years 
could be investigated, because in Sweden the 
height growths of the mentioned period was 
9.5% higher than expected (Mensah et al. 
2021).
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Conclusions

All the elite provenances (Marginea, Gurghiu, 
Comandău, and Sudrigiu), together with 
Câmpeni and Turda, were highlighted, both 
for stability and growth traits, while the 
local provenances and the standard IUFRO 
provenance obtained results below the average 
of the trials. Due to the very high environmental 
variability between trials, the provenance 
participation do not exceed 3% of the overall 
variation.
 The age–age correlations and the ranking of 
the provenances show that no major changes 
occurred in the last ten years, confirming the 
backward selection performed at the age of 30 
years. Even though the juvenile traits generally 
predict the adult traits well (r > 0.70), the few 
very best provenances differed at the juvenile 
relative to the adult stages, suggesting that it is 
preferred to wait until 30 years of age to make 
the backward selection.
 All 33 provenances reacted to the changing 
of the environmental conditions, presenting 
higher Th in the warmer ONR environments, 
compared with the results of the mountain 
INR trials, with negative consequences on 
the stand’s stability, which requires maximum 
caution in the movement of forest reproductive 
materials. Inside of the trials, highly significant 
differences were found between provenances 
and especially within them, suggesting a high 
potential for adaptation in the future climatic 
change. The trees' stability traits suggest the 
necessity to avoid the ONR afforestation with 
Norway spruce, at low altitude. All these 
recommendations should be considered in 
future forest strategy and disseminated to the 
stakeholders.
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