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Abstract

The ecological restoration of degraded lands has
significance in countries where their deterioration
process covers large periods of time. The present paper
starts by establishing three types of classes. As such,
age, phytoclimatic area and degradation level significantly
influence the resulting characteristics expressed by the
average diameter (average height) in scots pine (Pinus

sylvestris) stands from degraded lands (R2
a
 = 0.784; R2

a

= 0.639). Evaluating some climatic, site and stand
characteristics over the dynamic of certain structural
parameters in stands situated on degraded lands is a
basic action where the current objectives are dedicated
to the ecological restoration of forests from certain lands.
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Introduction

Besides their role in protecting areas that have a role in
conserving biodiversity, newly created forests are not
sufficient for a long-term conservation of the environment.
Therefore, the ecological restoration of areas more or
less modified by the action of various disruptive factors
is also necessary (Hobbs and Norton, 1996; Young, 2000;
Honnay et al., 2002). Ecological restoration represents
the rehabilitation of a degraded land and its
transformation into a system that becomes protective,
productive, aesthetic, pleasant or valuable on a long-
term (Hobbs and Norton, 1996). The silvicultural
operations made for the recovery of ecosystems
increases biodiversity as well as ecosystem services at
a landscape scale (Aronson et al., 2006).

The ecological restoration of degraded ecosystems has
a peculiar importance in countries where their
deterioration process occurred over a long period of time
(Perez-Trejo, 1994). Recent investigations emphasize
the importance of reforestation processes on degraded

lands in order to accelerate natural succession and also
to highlight pioneers followed by successive vegetation
(Chand et al., 2017; Kumar et al., 2017). The ecological
restoration of degraded lands by reintroducing wood
species has gained importance worldwide (Carnevale
and Montagnini, 2002; Maestre and Cortina, 2004; Dincã
et al., 2012; Bernard et al., 2014; Pilon et al., 2018). The
benefits of reforestation include biodiversity improvement,
ecosystem stability, protection against soil erosion and
the increase of carbon accumulation (Semwal et al.,
2013; Dincã et al., 2015; Moscatelli et al., 2017).
Furthermore, other aspects are also noted, such as the
amelioration of unfavorable microclimate or soil
conditions as well as ensuring a habitat for the dispersion
of wild flora seeds which highly accelerate the natural
regeneration of forests and fosters the reinstallation of
fauna (Tucker, 2000; Sanchez-De Leon et al., 2003;
Carnus et al., 2006; Shono et al., 2006; Tang and Li,
2014; Singh et al., 2015).

Approximately 300,000 hectares of degraded lands were
afforested in Romania until 2008, most of them with black
pine, scots pine and locust (Untaru et al., 2012). Technical
solutions were adopted based on the obtained results
in the long-term experimental amelioration parameters
(Constandache et al., 2010, 2016). As a result, the forest
crop planting scheme was established by the land’s
productive potential, as well as by the nature and intensity
of the degradation processes (Constandache et al.,

2015). As such, between 4000 and 10000 seedlings per
hectare were used for the afforestation of degraded lands
with Mediterranean pine, based on the erosion degree
and with considerably higher densities than the ones
used in other geographical areas (Ganatsas et al., 2011).

The action of harmful abiotic factors (wind, snow, drought
etc.) significantly influences the behavior of pine stands
installed on degraded lands (Martín-Benito et al., 2013;
Mérian and Lebourgeois, 2011; Zang et al., 2012), espec-
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-ially when they have a low consistency which affects
their stability (Vlad and Constandache, 2014). During
the last period of time, a health decline of pine cultures,
as well as the decrease of annual growth, is the
consequences of damages caused by drought, snow-
breaks and wind-breaks (Dinulicã et al., 2015; Merlin et

al., 2015; Silvestru-Grigore et al., 2018).

The analysis of stands at different ages has emphasized
a different behavior regarding the phytoclimatic area, site
conditions, harmful factors and the forestry operations.
These analyses have asserted aspects with a negative
effect on the development of stands, especially for those
with pine (reducing consistency and structure
disturbances, the regeneration of some species with
low ecological value, altering the health state based on
their aging) (Vlad and Constandache, 2014; Jagodziñski
et al., 2018). This aspect leads to diminishing the
ecosystem’s stability and has negative ecological and
economic consequences (Constandache et al., 2015).

The present paper intends to establish the influence of
some climatic, site and stand factors over the dynamic
of certain structural parameters (average diameter,
average height) in pine stands installed on degraded
lands.

Materials and Methods

Study site: The study was carried out in nine
experimental areas (sixty permanent research plots)
located in different scots pine stands from lands with
different degradation processes, different site conditions
and from different phytoclimatic levels from Romania
(Fig 1).

Fig 1. The study site

Experimental plots characteristics:  The nine
experimental areas were installed between 1949-1977.
Their area ranges from 5.0 ha to 94.6 ha. The researched
stands were installed in four phytoclimatic areas, with
different pine species, pure or mixed with hardwood
species, situated on different eroded lands, on different
soil substrates and using different tree planting
techniques.

Scots pine stands have ages between 35 and 65 years
old, so that they are capable of offering valuable scientific
information concerning the type of cultures and
silvicultural operations necessary for an effic ient
management of stands from degraded lands, particularly
where the action of ecological stand restoration presents
an improper state and are affected by harmful agents.
The stand’s health and the collection of land data were
permanently monitored through periodic measurements
(at five years) concerning the main biometric (diameters,
heights etc.) and quality (breaks, drying) parameters in
60 long-term research areas.

Design of modelling process: The statistical data has
focused on quantifying the influence of some climatic
characteristics of scots pine stands installed on
degraded lands, expressed by the phytoclimatic area
(silvosteppe– Ss; hill oak stand area– FD1; hill oak,
common beech and oak-common beech area – FD3;
mountainous, pre-mountainous beech area - FD4, based
on the Romanian site typology), the degradation form
(E1–4 = surface erosion: moderate– E1; strong– E2; very
strong– E3; very strong erosion associated with other
degradation forms– E4; landslides– A1; depth erosion–
R; rock-land– S) and some qualitative elements (stand
age), over some structural parameters (average diameter
and height at the current stand age).

Generalized mixed linear models were used in order to
compare the performance of the used variables as
predictors and in order to identify the independent
variables that have mostly influenced a series of
structural characteristics of stands installed on degraded
lands. The tested variables were both continuous (stand
age) as well as factorial (type of phytoclimatic area, form
of degradation). Three model classes were first of all
established and differentiated based on the number of
predictable factors. The first class of models has three
different variables (stand age, type of phytoclimatic area
and degradation form). The second class was
composed of combinations between the three variables,
while the third class contained all the variables consider
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as predictors. The selection of the optimal model was
realized by using the Akaike (AIC) information criteria
(Burnham and Anderson, 2004). Furthermore, the
multiple determination coefficient was also calculated
(R2

a
) (Quinn and Keough, 2002). Simulations were

realized with the help of Statistica 12 software and with
IBM SPSS 20.

Results and Discussion

Generalities: Recent investigations identified five main
reasons for the ecological restoration of degraded
ecosystems (lands): idealist, technocratic, heuristic,
biotic and pragmatic. The ecological restoration
pragmatic model was described as being composed of
two components - restoration of natural capital (forest)
and climate improvement (Clewell and Aronson, 2006).

Statistical parameters of the diameter in scots pine

stands: Regarding the phytoclimatic area, the highest
value of the average diameters encountered in the FD4
category (28.1±1.5 cm), while the lowest one in the FD1
and Ss categories (21.1±1.5 cm), with a variation of 46%
in the specified extremes. An increase of the average
diameter could be observed from the forest steppe
phytoclimatic area to the common phytoclimatic area
corresponding to the common beech mountain pre-
mountain area (FD4). Considering the degradation form,
the largest average diameter was encountered in the E1
category (26.2±2.6 cm), while the lowest one was in the
S category (13.7±4.9 cm), with significant variations
between the specified extremes (between 12% and 39%).
From the point of view of phytoclimatic area – degradation
form combinations, the largest average diameter was
the FD4-E3 category (28.3±1.6 cm), while the lowest one
belonged to the Ss-S category (13.8±4.9 cm). The
standard deviation registered the highest values in the
FD3-R category (18.8±8.3 cm), while the lowest ones
were recorded in the FD1-Al category (21.1±1.5 cm).

A positive and linear correlation for Ss-E1, Ss-E2, Ss-S,
FD3-E1, FD3-E3 and a negative and linear correlation
for Ss-E3, FD1-Al, FD3-Al were identified in the
relationship between the stand’s independent age and
the stand’s average diameter, by taking into consideration
the phytoclimatic areas and degradation forms. The
considered hypothesis regarding the influence of the
analyzed factorial characteristics was satisfied in all
cases presented (data not shown).

Influence of some climatic and site characteristics on

the dynamic of average diameter in scots pine stands:

Treated alone, the factorial characteristics (age, erosion
type and phytoclimatic area) explained between 14% and
44% of the average diameter’s variation in stands from
degraded lands (Table 1, models 4, 6 and 7), while the
combination of two predictive elements explained
between 17% and 72% of the average diameter’s
variation (Table 1, models 2, 3 and 5). Together, these
three factorial characteristics explained approximately
80% of the analyzed resulted characteristics (Table 1,
model 1).

A significant influence over the resulted characteristics
expressed by the average diameter in pine stands
installed on degraded lands (R2

a
 = 0.784) was confirmed

when age was used as covariate, phytoclimatic area and
degradation form as factorial characteristics (Table 2).
In this case also, the model based on the three predictors
proved to comply with a specific statistical-mathematical
modelling law (Bias = 0.009), having also a reduced value
of the square root average error (RMSD = 2.04 cm) (Fig
2).

(a)

(b)

Fig 2. Quantifying frequency (a) and standard values (b)
for residues in the case of the optimal model with average
diameter
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Table 1. The performance of models used for estimating the average diameter

Free term
Age
Phytoclimatic area
Phytoclimatic area
Phytoclimatic area
Degradation form
Degradation form
Degradation form
Degradation form

1.4840
0.0317

-0.2234
0.1099

-0.0777
0.0862

-0.3142
0.0801
0.1082

0.1200
0.0023
0.0309
0.0527
0.0253
0.0317
0.0898
0.0304
0.0528

-2.187
9.596

-5.958
3.072

-4.581
3.221
-3.114
2.352

-1.357

0.0000
0.0000
0.0000
0.0372
0.0021
0.0065
0.0004
0.0085
0.0407

Ss
FD3
FD4

E1
S

E3
Al

Predictors                             Predictors level    Value Standard deviation       t                p

R2
a - adjusted multiple determination coefficient; * - the best model

Table 2. Estimating model 1 parameters using the normal distribution as calculation elements and the logarithmic
equation as binding function

Statistical parameters of the height in scots pine

stands: Regarding the phytoclimatic area, the highest
value of the average height was encountered in the FD4
category (19.0±0.8 m), while the lowest one was in the
Ss category (14.2±5.2 m), with a variation of 34% in the
specified extremes. A specific dynamic of the average
height was thus ascertained. This increase from the
forest steppe area to the FD1 phytoclimatic area,
decreased for the FD3 area, followed by an increase in
the common beech mountain-pre-mountain area (FD4).

In regard with the degradation form, the highest average
height was found in the E1 category (18.9±1.9 m), while
the smallest one was in the S category (6.8±3.2 m), with
significant variations between the specified extremes
(between 15% and 29%). From the point of view of
phytoclimatic area – degradation form combinations, the
largest average height was found in the FD4-E2 (E3)
category (18.9±1.5 m), while the smallest one was in
the Ss-S category (6.8±3.2 m). Standard deviation
recorded the highest values in the FD1-Al category, while
the smallest ones were in the FD4-E3 category.

A positive and linear correlation for Ss-S, Ss-E1, Ss-E2,
FD3-E1, FD3-E3, FD3-R and a negative and linear
correlation for Ss-E3, FD1-Al, FD3-Al were determined
in the relationship between the independent stand age
variable and  the  stand’s  average  height,  by  taking into

consideration phytoclimatic areas and degradations
forms. The hypothesis considered for the influence of
the analyzed factorial characteristics was satisfied in all
the presented cases (data not shown).

Influence of some climatic and site characteristics to

the average height dynamic in Scots pine stands:

Considered on their own, factorial characteristics (age,
degradation form and phytoclimatic area) explain
between 10% and 29% of the average height variation in
stands from degraded lands (Table 3, models 5-7), while
the combination between each two predictive elements
explained between 39% and 49% of this variation (Table
3, models 2-4).

All three factorial characteristics explained together
approximately 64% of the analyzed resulted characteristic
(Table 3, model 1). The relation between age and average
height for stands installed on degraded lands was
significantly influenced by the phytoclimatic area where
they vegetated and by the degradation form of the soils
on which they were installed.

When age was used as covariant, while the phytoclimatic
area and degradation form as factorial characteristics, a
significant influence was observed over the resulting
characteristic expressed by the average height in forest
scots pine cultures installed on degraded lands (R2

a
 =
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3
2
2
1
2
1
1

Age, phytoclimatic area, degradation form
Age, phytoclimatic area
Age, degradation form
Age
Phytoclimatic area, degradation form
Degradation form
Phytoclimatic area

56
57
57
58
57
58
58

273.7*
282.3
327.0
340.9
356.6
372.2
372.9

0.784
0.718
0.522
0.445
0.167
0.167
0.141

Code No.   Model class                       Predictors                                    Freedom degrees       AIC   R2
a

1
2
3
4
5
6
7
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Free term
Age
Phytoclimatic area
Phytoclimatic area
Phytoclimatic area
Degradation form
Degradation form

Predictors                             Predictors level    Value Standard deviation       t                p
1.8863
0.0167

-0.2512
0.2072

-0.1003
0.2579

-0.6012

0.168
0.003
0.046
0.077
0.035
0.054
0.193

1.376
4.628

-5.243
2.333

-2.196
4.614

-3.864

0.0000
0.0000
0.0000
0.0076
0.0047
0.0000
0.0018

Ss
FD1
FD3

E1
S

Table 3. The performance of models used for estimating the average height

R2
a - adjusted multiple determination coefficient; * - the best model

Table 4. Estimating model 1 parameters using the normal distribution as calculation elements and the logarithmic
equation as binding function

0.639) (Table 4). In this case also, the model based on
the three predictors proved to obey a specific statistical-
mathematical law (Bias = 0.0057), having also a reduced
value of the square root average error (RMSD = 2.19 m)
(Fig 3).

(a)

(b)

Fig 3. Quantifying frequency (a) and standard values (b)
for residues in the case of the optimal model with average
height

As a consequence, commonly statistical-mathematical
methods used for analyzing the influence of some
climatic, site and stand characteristic over the dynamic
of certain structural parameters from scots pine stands
installed on degraded lands were applied in the present
study. These coordinates were fitting in the previously
described concept regarding the ecological restoration
of degraded lands and the factors influence analyze in
this process.

Biometric parameters dynamic: From the performed
analyses, the most active scots pine diameter growths
were realized on lands affected by a complex degradation
(very strong erosion associated with gullying) from the
FD3 oak-common beech area. In this area, even though
the erosion was accentuated, stands were realized
through special preparation/ consolidation land works.
In association with white sea buckthorn, these lands
were less affected by harmful abiotic factors. More active
growths were correlated with the weak depletion of trees,
emphasizing the adaptability of these types of cultures
to site conditions. In comparison with the broad-leaved
species present in experimental blocks, Scots pine
species registered higher growths.

The abroad specialty literature mentions that the scots
pine forests had shown significant differences in regard
with the biometric parameters, in comparison with broad-
leaved species. Even though the number of trees was
5.4  times  lower,  this  species  reached a base surface

Structural parameters of scots pine stands from degraded lands

3
2
2
2
1
1
1

Age, phytoclimatic area, degradation form
Age, phytoclimatic area
Age, degradation form
Phytoclimatic area, degradation form
Degradation form
Age
Phytoclimatic area

56
57
57
57
58
58
58

272.7*
289.7
298.9
299.3
313.8
320.3
328.0

0.639
0.464
0.392
0.494
0.294
0.155
0.100

Code No.   Model class                               Predictors                               Freedom degrees          AIC                 R2
a

1
2
3
4
5
6
7



45

larger than 189.6%, a higher volume with 30.8% and a
growth of 30.9% of the current volume in comparison
with broad-leaved species (black locust). Furthermore,
the dimensions of average trees were also larger in scots
pine stands, with an average diameter larger with 128.2%
and an average height higher with 40.7% than the locust
stands (Lukić et al., 2015). In addition, comparing the
biological characteristics of species, this fact could be
caused by the present high density used in plantation
(over 5000 trees per hectare), with a very slow
differentiation in diameter. Reducing the number of trees
could encourage the extension of crowns and roots,
having a positive impact in stabilizing degraded soils
(Lukić et al., 2015). The analyzed biometric parameters
from the scots pine stands were significantly influenced
by the age of stands, phytoclimatic area and degradation
form. In other words, the limitative factors for stands
installed on degraded lands, beside age, refer to climate
and site conditions.

Factors influencing the stand’s development on

degraded lands: The development of stands installed
on degraded lands was influenced by the phytoclimatic
area where they were installed. As such, the survival rate
of installed trees proved to be higher in sub-humid, dry
conditions (Vilagrosa et al., 2003), unlike the results
obtained for other wood species from semiarid areas
(Cortina et al., 2004). Data concerning the growth and
development of experimental plantations proved the
results variability, depending on the type of soil, land
preparation and climatic conditions (Baró et al., 2014).
Similar results concerning the low productivity of
experimental stands were obtained in the Alicante
province (Maestre and Cortina, 2004).

The influence of climate and site conditions manifested
through the mortality of scots pine. This was linked with
the increase of aridity in some southern populations
(Navarro-Cerrillo et al., 2007). In comparison, the black
pine was not so much affected by these changes
(Barbéro et al., 1998; Martinez-Vilalta and Pinõl, 2002).
This could be explained by the fact that black pine is a
Pan-Mediterranean species with a large distribution areal
(Barbéro et al., 1998), while Scots pine is a boreal pine
considered the most widespread conifer that spreads
from the Iberic Peninsula up to Siberia (Nikolov and
Helmisaari, 1992).

With regard to the climate, the effects of temperatures
over the annual radial growths were reversely proportional
with the effect given by the precipitations. This interaction

between temperature and precipitations had specific
influences over tree growths (Vaganov et al., 2006, Hoch
et al., 2003). The increased winter temperatures also
increased the growth, reflecting the limitation of
photosynthesis during the cold season and the
importance of stocking carbon before the vegetation
season (Hoch et al., 2003). The availability of water during
summer allowed forests to extend their late wood
productions rather than producing early wood in high
percentages (W immer and Grabner, 2000). Drought
periods of high temperatures had a multiple effect on the
tree’s physiology and growth. In drought conditions, the
cambium’s activity ceases earlier (Pichler and
Oberhuber, 2007), causing shorter periods for wood
formation (Gruber et al., 2010). Higher evapotranspiration
or lower water availability determines the stomata to
reduce plant exchanges and carbon absorption (Jones
and Thompson, 1998). In addition, trees could allocate
more carbon to their reserves during drought conditions
(Wiley and Helliker, 2012), favoring root development and
presenting a general inferior activity for reducing
cambium and thickening cells (Cinnirella et al., 2002).

Recent investigations showed a significant positive
relationship between the basis diameter and diameter
growth for all analyzed species both in 2002 (humid year),
as well as in 2003 (dry year), but with asymmetric
competitions given by humidity. In drying conditions, the
competition between trees proved to be more symmetric.
The trees with higher diameters reacted differently, in
comparison with the trees that presented lower
dimensions. The pines from both diameter groups
recorded a significant growth decrease associated with
drought year, while the larger trees recorded a significant
growth decline during these events, reducing their growth
up to 50% of the average growth (Zang et al., 2012).

The obtained results emphasized the fact that scots pine
is a species that can adapt to extreme site conditions
and can be successfully used in afforestation projects
for degraded lands. Nevertheless, managing stands
towards a future stable desired ecosystem should be
validated by long-term studies that should examine the
ecosystem’s changes through more successive stages
(Ganatsas et al., 2011).

Conclusion

The evolution of the scots pine stand ’s biometric
parameters demonstrated that the largest diameter
growth was registered in the FD3-E3 category (17.5±0.7
cm), while the lowest in the Ss-S category (7.8±5.3 cm).

Vlad et al.
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In regard with height growths, the highest was found in
the FD3-E3 category (12.5±0.7 m), while the lowest was
in the Ss-S category (3.0±2.1 m).

Quantifying the influence of some climatic characteristics
expressed by the phytoclimatic area (Ss, FD1,FD3 and
FD4), of some site elements expressed by the
degradation form (E1, E2, E3, E4, Al, R, S) and of some
qualitative elements of stands installed on degraded
lands (stand age), in a multiple stages regression,
denoted the significant influence of predictive
characteristics considered over the resulted
characteristics expressed by some structural parameters
(average diameter, average height). As such, the average
diameter and the average height for the scots pine
species were significantly influenced by the stand age,
the phytoclimatic area and the degradation form (R2

a
 =

0.784; R2
a
 = 0.639).

Acknowledgment
The analyses were realized in the period 2016-2017
within the PN 16330305 Project “Analyzing the structural-
functional dynamics of forest ecosystems installed on
degraded lands in order to substantiate their ecological
regeneration/restoration methods”, financed by the
Research and Innovation Ministry, through the NUCLEU
Program.

References
Aronson, J., A. F. Clewell, J. N. Blignaut and S. J. Milton.

2006. Ecological restoration: a new frontier for
nature conservation and economics. Journal for
Nature Conservation 14:135–139.

Barbéro, M., R. Loisel, P. Quézel, D. M. Richardson and F.
Romane. 1998. Pines of the Mediterranean Basin.
In: D.M. Richardson (ed), Ecology and

Biogeography of Pinus. Cambridge University
Press. Cambridge, pp. 153–170.

Baró, F., L. Chaparro, E.  Gómez-Baggethun, J.
Langemeyer, D. J. Nowak and J. Terradas. 2014.
Contribution of ecosystem services to air quality
and climate change mitigation policies: the case of
urban forests in Barcelona, Spain. AMBIO 43: 466-
479.

Bernard, F., M. van Noordwijk, E. Luedeling, G. B. Villamor,
G. W. Sileshi, and S. Namirembe. 2014. Social
actors and unsustainability of agriculture. Current
Opinion in Environmental Sustainability 6: 155–161.

Burnham, K. P. and D. R. Anderson. 2004. Multimodel
inference: understanding AIC and BIC in Model
Selection. Sociological Methods and Research 33:
261-304.

Carnevale, N. and F. Montagnini. 2002. Facilitating
regeneration of secondary forests with the use of
mixed and pure plantations of indigenous tree
species. Forest Ecology and Management 163:
217–227.

Carnus, J. M., J. Parrotta, E. G. Brockerhoff, M. Arbez, H.
Jactel, A. Kremer, D. Lamb, K. O’Hara and B. Walters.
2006. Planted forests and biodiversity. Journal of

Forestry 104: 65–77.
Chand Dinesh, N. Dikshit, S. S. Gomashe, M. Elangovan

and M. Y. Samdur. 2017. Assessment of
morphological diversity among the dual-purpose
sorghum landraces collected from tribal districts of
northern Maharashtra. Range Management and

Agroforestry 38: 199-207.
Cinnirella, S., F. Magnani, A. Saracino and M. Borghetti.

2002. Response of mature Pinus laricio plantation
to a three-year restriction of water supply: structural
and functional acclimation to drought. Tree

Physiology 22: 21–30.
Clewell, A. F. and J. Aronson. 2006. Motivations for the

restoration of ecosystems. Conservation Biology

20: 420–428.
Constandache, C., S. Nistor, V. Ivan, F. Munteanu and V.

D. Păcurar. 2010. Eficienţa funcţională a culturilor
forestiere de protecţie şi a lucrărilor de ameliorare
a terenurilor degradate, Revista Pădurilor 1: 26-31.

Constandache, C., R. Vlad and L. Popovici. 2015.
Dinamica unor parametrii structurali în arborete de
pin instalate pe terenuri degradate, Revista

Pădurilor 1/2: 21-26.
Constandache, C., A. Peticilă, L. Dincă and D. Vasile.

2016. The usage of Sea Buckthorn (Hippophae

rhamnoides L.) for improving Romania’s degraded
lands, AgroLife Scientific Journal 5: 50-58.

Cortina, J., J. Bellot, A. Vilagrosa, R. N. Caturla, F. Maestre,
E. Rubio, J. M. Ortíz de Urbina, and A. Bonet. 2004.
Restauración en semiárido. In: R. Vallejo (ed),
Estudios Avanzadosen la Gestióndel Monte
Mediterráneo. Fundación CEAM, València pp. 345-
406.

Dincă, L., I. C. Cântar, M. Dincă and I. Adam. 2012.
Cultivating the waste heaps from Moldova Noua with
forest species that have an energetic potential,
Buletinul ‘tiinific al Universităii Politehnice din

Bucure’ti, seria C Inginerie electrică ’ i ’t i ina

calculatoarelor 74: 39-48.
Dincă, L., M. Dincă, D. Vasile, G. Spârchez and L. Holonec.

2015: Calculating organic carbon stock from forest
soils, Notulae Botanicae Horti Agrobotanici Cluj-

Napoca 43: 568-575.

Structural parameters of scots pine stands from degraded lands



47

Dinulică, F., C. V. S. Grigore and G. Spârchez. 2015. 80
years of ecological restoration of degraded lands
from Subcarpatii Buzaului region. Time series of
radial growth structure. Revista Pădurilor 3/4: 19-
36.

Ganatsas, P., T. Tsitsoni, M. Tsakaldimi and T. Zagas.
2011. Reforestation of degraded Kermes oak
shrublands with planted pines: effects on vegetation
cover, speciesdiversity and community structure.
New Forests 43:1–11.

Gruber, A., S. Strobl, B. Veit and W. Oberhuber. 2010.
Impact of drought on the temporal dynamics of wood
formation in Pinus sylvestris. Tree Physiology 30:
490-501.

Hobbs, R.J. and D. A. Norton. 1996. Towards a
conceptual framework for restoration ecology.
Restoration Ecology 7: 93–110.

Hoch, G., A. Richter and C. Körner. 2003. Non-structural
carbon compounds in temperate forest trees.
Plant, Cell and Environment 26: 1067–1081.

Honnay, O., K. Verheyen, J. Butaye, H. Jacquemyn, B.
Bossuyt and M. Hermy. 2002. Ecological
perspectives for the restoration of plant
communities in European temperate forests.
Biodiversity and Conservation 11: 213–242.

Jagodziński, A. M., M. K. Dyderski, K. Gęsikiewicz, P.
Horodecki, A. Cysewska, S. Wierczyńska and K.
Maciejczyk. 2018. How do tree stand parameters
affect young Scots pine biomass? – Allometric
equations and biomass conversion and expansion
factors, Forest Ecology and Management 409: 74-
83.

Jones, T. H. and L. J. Thompson. 1998. Impacts of rising
atmospheric carbon dioxide on model terrestrial
ecosystems. Science 280: 441–442.

Kumar, R. V., H. V. Singh, S. Kumar, A. K. Roy and K. A.
Singh. 2017. Growth and biomass production of
fodder trees and grasses in a silvipasture system
on non-arable land of semi-arid India. Range

Management and Agroforestry 38: 43-47.
Lukić, S., D. Pantić, S. B. Simić, D. Borota, B. Tubić, M.

Djukićand, D. Djunisijević-Bojović. 2015 Effects of
black locust and black pine on extremely degraded
sites 60 years after afforestation - a case study of
the Grdelica Gorge (southeastern Serbia). Forest

9: 235–243.
Maestre, F.T. and J. Cortina. 2004. Are Pinus

halepensis plantations useful as a restoration
tool in semiarid Mediterranean areas? Forest

Ecology and Management 198: 303–317.

Martín-Benito, D. H. Beeckman and I. Cañellas. 2013.
Influence of drought on tree rings and tracheid
features of Pinus nigra and Pinus sylvestris in a
mesic Mediterranean forest. European Journal of

Forest Research 132: 33–45.
Martinez-Vilalta, J. and J. Pinõl. 2002. Drought-induced

mortality and hydraulic architecture in pine
populations of the NE Iberian Peninsula. Forest

Ecology and Management 161: 247–256.
Mérian, P. and F. Lebourgeois. 2011. Size-mediated

climate-growth relationships in temperate forests:
a multi-species analysis. Forest Ecology and

Management 261: 1382–1391.
Merlin, M., T. Perot, S. Perret, N. Korboulewsky and P.

Vallet. 2015. Effects of stand composition and tree
size on resistance and resilience to drought in
sessile oak and Scots pine. Forest Ecology and

Management 339: 22–33.
Moscatelli, M.C., E. Bonifacio, T. Chiti, P. Cudlín, L. Dincă,

E. Gömöryova, S. Grego, N. La Porta, L. Karlinski,
G. Pellis, M. Rudawska, A. Squartini, M. Zhiyanskiand
G. Broll. 2017. Soil properties as indicators of
treeline dynamics in relation to anthropogenic
pressure and climate change. Climate Research,
73: 73-84.

Navarro-Cerrillo, R. M., M. A. Varo, S. Lanjeri and R.
Hernández. 2007. Clemente Cartografía de
defoliación en los pinares de pino silvestre (Pinus

sylvestris L.) y pinos algareño (Pinus nigra Arnold.)
en la Sierra de los Filabres. Ecosistemas 16: 163-
171.

Nikolov, N. and H. Helmisaari. 1992. Silvics of the
circumpolar boreal forest tree species. In H.H.
Shugart, R. Leemans and G.B. Bonan (eds). A

System Analysis of the Global Boreal Forest.
Cambridge University Press, Cambridge, pp. 13-
84.

Perez-Trejo, F. 1994. Desertiûcation and Land

Degradation in the European Mediterranean .
European Commission DG XII, Luxembourg.

Pichler, P. and W. Oberhuber. 2007. Radial growth
response of coniferous forest trees in an inner
Alpine environment to heat-wave in 2003. Forest

Ecology and Management 242: 688–699.
Pilon, V., S. Payette, P. L. Couillard and J. Laflamme. 2018.

Surface analysis as a method to reconstruct past
and recent dynamics of forest ecosystems. Forest

Ecology and Management 407: 84-94.
Quinn, G. and M. Keough. 2002. Experimental Design

and Data Analysis for Biologists . Cambridge
University, UK.

Vlad et al.



48

Sanchez-De Leon, Y., X. Zou, S. Borges and H. Ruan.
2003. Recovery of native earthworms in abandoned
tropical pastures. Biological Conservation 17: 999–
1006.

Semwal, R. L., S.Nautiyal, R. K. Maikhuri, K. S. Rao and
K. G. Saxenaa. 2013. Growth and carbon stocks of
multipurpose tree species plantations in degraded
lands in Central Himalaya, India. Forest Ecology

and Management 310: 450-459.
Shono, K., S. J. Davies and C. Y. Kheng. 2006.

Regeneration of native plant species in restored
forests on degraded lands in Singapore. Forest

Ecology and Management 237: 574–582.
Silvestru-Grigore, C. V., F. Dinulică, G. Spârchez, A. F.

Hălăli’an, L. Dincă, R. Enescu and V. Cri’an. 2018.
The radial growth behaviour of pines (Pinus

sylvestris L. and Pinu snigra Arn.) on Romanian
degraded lands. Forests 9: 213.

Singh, Archana, R. Deb, S. K. Mahanta and R. V. Kumar.
2015.  Characterization of underutilized shrubs for
forage potential in rainfed and dry areas. Range

Management and Agroforestry 36:194-197.
Tang, G. and K. Li. 2014. Soil amelioration through

afforestation and self-repair in a degraded valley-
type savanna. Forest Ecology and Management

320: 13-20.
Tucker, N. I. J. 2000. Wildlife colonization on restored

tropical lands: what can it do, how can we hasten it
and what can we expect? In: S. Elliot, J. Kerby, D.
Blakesley, K. Hardwick, K. Woods, and V.
Anusarnsunthorn (eds.), Forest Restoration for

Wildlife Conservation. International Tropical Timber

Organization, The Forest Restoration Research
Unit. Chiang Mai University, Thailand, pp. 279–295.

Untaru, E., C. Constandache and S. Nistor. 2012. Starea
actuală şi proiecţii pentru viitor în privinţa
reconstrucţiei ecologice prin împăduriri a terenurilor
degradate din România (I), Revista Pădurilor 6: 28-
34.

Vaganov, E. A., M. K. Hughes and A. V. Shashkin. 2006.
Growth Dynamics of Conifer Tree Rings. Images of

Past and Future Environments,.Springer, Berlin,
Heidelberg, New York.

Vilagrosa, A., J. Cortina, E. Gil and J. Bellot. 2003.
Suitability of drought-preconditioning techniques in
Mediterranean climate. Restoration Ecology 11:
208–216.

Vlad, R. and C. Constandache. 2014. Dinamica unor
parametrii de stabilitate în arborete de pin silvestru
instalate pe terenuri degradate. Revista pădurilor
5/6: 44-49.

Wiley, E. and B. A. Helliker. 2012. Reevaluation of carbon
storage in trees lends to greater support for carbon
limitation to growth. New Phytologist 195: 285–289.

Wimmer, R. and M. Grabner. 2000. A comparison of tree-
ring features in Picea abies as correlated with
climate. IAWA Journal 21: 403-416.

Young, T.P. 2000. Restoration ecology and conservation
biology. Biological Conservation 92: 73-83.

Zang, C., H. Pretzsch and A. Rothe. 2012. Size-dependent
responses to summer drought in Scots pine,
Norway spruce and common oak. Trees, Structure

and Function 26: 557–569.

Structural parameters of scots pine stands from degraded lands


