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To ensure optimal conditions for artificial 
reforestation, logging residues and abandoned 
wood - primarily from broken trees - were 
collected and deposited in uprooting cavities 
and small clearings (Figure 9a). Stages of 

carrying out regeneration and maintenance 
works on areas where accidental products have 
been harvested are suggestively illustrated in 
the images in Figure 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Stages of establishing and managing (maintaining) natural and mixed regenerations  
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a) Wood material to be removed from natural 

regeneration biogroups of spruce species,  
in plot 85B (G.C. Crainic, 03.04.2014,  

Production Unit I Vadul �0�R� �L�O�R�U�� 

 b) Successful definitive mixed regeneration of 
spruce, in plot 63A (G.C. Crainic, April 11, 2025, 

�3�U�R�G�X�F�W�L�R�Q���8�Q�L�W���,���9�D�G�X�O���0�R� �L�O�R�U�� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

c) Bare-rooted seedlings of spruce, fir and larch species,  
kept in the trench, on the day they were planted,  

in plot 64A  (G.C. Crainic, 05.04.2014,  
�3�U�R�G�X�F�W�L�R�Q���8�Q�L�W���,���9�D�G�X�O���0�R� �L�O�R�U) 

 d) Removal of overwhelming shrub and 
herbaceous vegetation, mechanized, from 
coniferous sapling biogroups, in plot 85B 

(G.C. Crainic, 05.11.2014, Production Unit I 
�9�D�G�X�O���0�R� �L�O�R�U) 
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Table 3. The market value of wood assessed in the 

affected plots, in 2011 
Forest 

plot 
Average selling price Total amount 
RON/m3 EURO/m3 RON EURO 

63A 180 42.00 1296360 302484,00 
64A 180 42.00 483660 112854,00 
80A 180 42.00 1636560 381864,00 
81A 105 24.50 51660 12054,00 
83B 180 42.00 887940 207186,00 
84B 180 42.00 102780 23982,00 

85A% 105 24.50 35175 8207,50 
85B 105 24.50 253785 59216,50 
86B 105 24.50 77385 18056,50 

Total Average price 4825305 1125904,50 169.51 39.55 

 
Much of the wood, particularly from visibly 
damaged or weakened trees, was left in various 
parts of the impacted plots. As a result, this 
aspect affected the health of the neighboring 
stands and, respectively, of the future mixed 
regenerations that were established between 
2012 and 2024. 
Consequently, in the spring of 2015, an attack 
of the spruce sapling borer - Hylobius abietis L. 
on spruce saplings, artificially regenerated 
(Figure 10).  
 

 
Figure 10. Attack of the species Hylobius abietis L.  
on spruce seedlings, in artificial regenerations in the 
affected plots (G.C. Crainic, 03.04.2014, plot 84B, 

Production Unit I Vadul Moţilor) 
 
To prevent these pests, poisoned baits were 
used, made from fresh spruce bark that had 
been treated with insecticide (Figure 11). As a 
result, the effects of the attack were limited to 
an area of 2.00 hectares, on which the 
regeneration of the spruce species was 
completely compromised. 
Another consequence of maintaining 
considerable quantities of wood in the affected 
plots was the reduction of the area on which it 

was necessary to establish forest vegetation in 
the following decade. 
Bare-rooted seedlings of spruce, fir and larch 
species were planted on an area of 90.20 
hectares (Table 4). The number of seedlings 
planted per hectare was 5000, which were 
arranged in a rectangular arrangement (in the 
corners of a rectangle), at 1 m per row and 2 m 
between rows. 
The saplings used for the afforestation works 
were purchased by the owner of the forest fund, 
respecting their area of origin. 
 

 
Figure 11. Combating the attack of the Hylobius abietis 

L. species with poisoned baits, made from fresh  
spruce bark, which has been treated with insecticides 

(G.C. Crainic, 03.04 .2014, plot 84B,  
Production Unit I Vadul Moţilor)  

 
Table 4. Evidence of areas that have been naturally and 

artificially regenerated in the affected plots 
Forest plot 

Number Regenerated surface (ha) Species used Natural Artificial 
63A 11.40 16.50 

spruce, fir and 
larch 

64A 5.90 13.80 
80A 27.00 11.50 
81A 0.00 17.00 
83B 0.00 17.30 spruce and larch 84B 0.00 1.90 

85A% 2.50 0.90 spruce 
85B 5.40 6.10 spruce and larch 86B 4.90 5.20 

Total 57.10 90.20 - 

 
Until they were transported to the plantation 
site, the saplings were kept on the ice, in 
optimal conditions, in accordance with the 
technical regulations in force. On the day they 
were planted, they were transported and stored 
in the ditch, in the afforestation site, with the 
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roots covered with soil to protect them from 
degradation (Figure 9c). 
Biogroups of larch seedlings were placed on 
the areas exposed to the wind (Figure 12), fir 
seedlings were planted in the wetter, relatively 
shaded portions, and spruce seedlings were 
planted on the surface difference (Figure 13). 
The works necessary for the management of 
natural and artificial regenerations until the 
achievement of the under-canopy stage were 
represented by:  
- completion of regeneration through 
plantations of bare-root seedlings of spruce, fir 
and larch species; 
- C58Ib-clearing of forest species of grassy, 
shrub and woody species over the entire 
surface; 
- C58IIb3-clearing of forest species of grassy, 
shrub and woody species around the seedlings; 
- C46c-review of natural regenerations and 
plantations. 
 

 
Figure 12. Larch seedlings planted in an area exposed to 

the wind, in plot 86B (G.C. Crainic, 03.04 .2014, 
Production Unit I Vadul Moţilor) 

 
The work to complete the natural and artificial 
regeneration was carried out by planting bare-
root saplings on the areas where it is missing 
on an area greater than 9 m2 (Figure 14). The 
working technique is similar to that of integral 
plantations. Consequently, completions were 

carried out with saplings of the three previously 
mentioned coniferous species. 
The excessive grassy, shrubby, and woody 
vegetation around the spruce sapling groups, 
which were established naturally and 
artificially, was removed was carried out 
manually and mechanized with power tools 
with cutting discs (Figure 9d), as appropriate. 
These works were carried out towards the end 
of the vegetation season, starting on September 
15, for reasons that depend on the evolution of 
the climate in the mountainous areas, but 
equally on local experience. 
 

 
Figure 13. Spruce seedlings planted in an area without 

natural regeneration, in plot 85B (G.C. Crainic, 
03.04.2014, Production Unit I Vadul Moţilor) 

 
The works to review the natural and artificial 
regeneration aimed to remove the remains of 
grassy, shrubby and woody vegetation from the 
saplings, after the snow melted, and bring them 
to a vertical position. During these works, all 
the surfaces undergoing regeneration were 
covered, and these were effectively carried out 
only in the areas where the saplings were 
affected.  
The achievement of the under-canopy state for 
natural and artificial regeneration on the 
surface of the affected plots was carried out in 
successive stages, during the period 2014-2024, 
due to the climatic conditions in this interval. 
In accordance with Order no. 2537 of 
September 28, 2022, the under-canopy state for 
natural regeneration of coniferous trees is 
considered achieved when the height of the 
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seedlings is 1.00-1.20 m, and in artificial 
regenerations the height of the seedlings varies 
between 1.20-1.40 m (Figure 9b). 
Consequently, work was necessary to complete 
the regeneration in considerable areas, due to 
high temperatures and lack of precipitation 
during the vegetation season. These climatic 
elements were the main limiting factors that 
conditioned the final success of the established 
silvicultural crops. 
 

 
Figure 14. Spruce saplings, planted during the 

regeneration completion works, to protect a stump (G.C. 
Crainic, 03.04 .2014, Production Unit I Vadul Moţilor) 

 
All works carried out between 2012 and 2024 
were considered investment works and were 
financed from the conservation fund, which 
was set up in the amount of 25% of the total 
value of the incidental wood products I, 
considered as main products, from the affected 
plots. Therefore, the conservation fund 
corresponding to the volume of wood 
recovered is 1,206,326.25 ron, the equivalent of 
281,476.13 euro. 
The recovery of spruce wood from the affected 
plots at an average price of 169.51 lei/m3, or 
the equivalent of 39.55 euros/m3, was carried 
out under extreme conditions, given its quality 
(Figure 8). If the price of the softwood wood is 
considered, obtained from main products, it is 
found that it has at least double the value 
compared to that of accidental products I. It is 
also found that the wood from the affected 
plots was recovered at a lower price, thus 
registering a consistent economic loss.  

Recent studies conducted in Italy have also 
highlighted that following the storm in 2018, in 
the Upper Valtellina area, during the period 
2019-2020, losses due to wood destruction 
were recorded, amounting to 5.10 million euros 
for the Valdisotto location, 0.32 million euros 
for Valfurva and 0.43 million euros for 
Sondalo, respectively. These losses were also 
added to those caused by the lack of carbon 
sequestration on the affected areas (Barbagallo 
et al., 2024).  
Although the high diversity of tree species 
cannot necessarily cushion the economic 
consequences due to extreme weather 
phenomena (Fuchs et al., 2024), it nevertheless 
constitutes a factor of stability in spruce stands 
in the mountain area. 
To promote an adaptive forest management, it 
is necessary to consider the concept of 
expected loss. This is an appropriate measure 
for integrating risk when establishing tree 
species and determining the optimal period of 
the production cycle (Möllmann & Möhring, 
2017). 
An alternative (differentiated) forest 
management can provide a specific value of 
resilience to storm adaptations. As a result, the 
specific goals of the cultivation and 
management of the stands and their structure, 
respectively, aim to maximize tree growth and 
resistance to various stresses and disturbances, 
rather than optimizing their productivity (Hahn 
et al., 2021).   
To reduce the risk of future windthrows in the 
spruce stands, it is recommended to improve 
young plantation composition by introducing 
30-40% beech species (Govedar et al., 2018). 
The efficiency of the establishment works of 
forest vegetation on the surface of the affected 
plots could be achieved if there were conditions 
for direct sowing, with certified seeds of 
spruce, fir, larch and beech species. 
It is also necessary to analyze the post-
disturbance time period and the intensity of the 
disturbance (Camarero et al., 2021), in order to 
evaluate the growth and development dynamics 
and respectively the resistance of future stands, 
in a spatio-temporal approach. 
Currently, it is necessary to promote forestry 
policies and strategies that ensure the reduction 
of investment risks for forest owners, in order 
to promote stable forests, with a diversified 
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structure, that provide multiple ecosystem 
services (Fuchs et al., 2024), under optimal 
conditions of administration and management. 
The efficient implementation management of 
ecological restoration projects in the case of the 
forests affected by the devastating effect of 
climate change must be oriented towards both 
nature and the market. Consequently, 
ecological and economic objectives will be 
harmonized at a regional scale, in order to 
promote sustainable development in the region 
with high functional efficiency (Zhao et al., 
2025). 
 
CONCLUSIONS 
 
The direction of the wind that caused the 
damage in the studied stands was from the NE 
exposure, which, according to the compartment 
descriptions in the forest management plan, 
accounts for 11% of their surface area. 
In the context of global climate change, 
accurately determining the predisposing and 
triggering factors of windthrow and windbreak 
in spruce stands in the mountain zone is 
relatively difficult for various geographical 
areas. 
The implementation of ecological rehabilitation 
works in spruce stands affected by extreme 
weather events presents a series of specific 
challenges related to the vegetation conditions 
and the morphological and ecological 
characteristics of these species. 
Natural regeneration has been highly effective 
in 38.80% of the affected area, particularly in 
the upper part of the slopes, at distances of 300-
400 meters from the unaffected spruce stands, 
which produced abundant seed during the 
period 2011-2014. 
Although the Forest Code stipulates that the 
conservation and regeneration fund for forests 
should represent between 10-25% of the value 
of harvested wood, including main and 
accidental products I, for the ecological 
rehabilitation of the affected stands studied, 
this percentage is insufficient. 
For optimal ecological rehabilitation of spruce 
stands that have been completely affected by 
various calamities, the conservation and 
regeneration fund must cover the cost of all 
necessary works, as established by the projects 

and execution estimates prepared for this 
purpose. 
Given the current climate instability, the 
specific strategies for forest management of 
coniferous stands vulnerable to destabilizing 
factors must be integrated into adaptive forest 
management. 
In extreme and exceptional situations, the 
conservation and regeneration fund for forests 
can be represented by the total value obtained 
from the sale of accidental products I, 
regardless of the owner or the administrator of 
the forest fund. This aspect must be urgently 
implemented in the Forest Code. 
The consolidation of the ecosystem stability of 
spruce stands in the mountain zone, affected by 
various calamities, must be carried out as 
quickly as possible by introducing beech 
species through direct sowing under the 
canopy, and by expanding existing mixtures of 
spruce, fir, and beech species. 
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