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ABSTRACT

This paper examines the results of plantations of the Mediterranean pine species, Pinus halepensis
Miller and Pinus pinea L., in the hilly area of Livadi-Vasilika, North Greece, which were
accomplished in order to mitigate the degradation process of the area. Plantations were carried out
in randomized blocks using two-year old paper-pot seedlings. Data were taken from three
permanent plots established for each species during the five years after plantations. Field data
analysis showed that P. halepensis exhibited quite high survival and growth rate while P. pinea
follows with medium ones. The changes in plant cover, vegetation composition, community
structure and species diversity showed that the plantations improved the ecological characteristics
of the ecosystems.
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HHEPIAHYH

H epyacio avt e€etdlet To AMOTEAEGULATO TOV QVTEVGEMY TV LECOYEWKADV TEVKMV, YOUAETIOV Kot
KOVKOLVOPLAG oL mpaypotomombnkay ot Aoemon meployny Apadiov-Bacihkmv, ot Bopewa
EMada. Ov gutedoelg mpoypotomodnkay o€ TuXalomotUEVEG OUAOEG Kol (P oLoToOnkay
oet Pordguta eutdplo. Metproelg AMednkay amd Tpelg PovVIpEg emedveleg yio T0 Kabe €idog
Katd TN Slapkeld TEVTE €TV UETA TIG PuTEVoELS. H avdAivon twv dedopévav £0e1&e OTL 1) YOAETLOG
neVKN Tapovsioce VYNAN emiPioon kol avENcT eV 1 KOLKOLVAPLY £000E PETPLOL OMOTEAEGLLOTAL.
H pedém tov adlayov oty edagokdivyn, otn ovvheon kot doun e PAdotnong kot g
TOKIAOTNTOG TOV €MV £0€1EE OTL 01 PUTEVCELS, 1) KATEPYAGTIO TOV €JAPOVS KOl 1 TEPIPpALN Yo
npooctacio ard fockovia {da PEATIOCOV TOL OIKOAOYIKE YOPAKTIPIGTIKA TMV OIKOGUGTNUAT®V.
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1. INTRODUCTION

Restoration of degraded ecosystems is of high importance in Mediterranean countries where the
degradation has a long history [1]. Degradation usually appears in areas of low elevation which
human has colonized for centuries [2]. The ecosystems of Ostryo-carpinion occupy extensive area
in Greece and they so far are characterized by heavy degradation due to the above-mentioned long-
time human activities. This degradation is a result of a secondary vegetation succession and the
existing ecosystems assumed that are coming from oak woods [3]. The restoration of these
ecosystems can be carried out either by natural methods or by artificial interventions [4]. Data
concerning the success of restoration methods in that conditions are still missing, especially in
Greece, where the problem of rehabilitation of these ecosystems is of high importance [5]. In the
case of reforestation, main attention should be paid to species selection, since in these areas it is
difficult for many forest species to give good results. Seed origination also, and site preparation
methods play an important role to restoration success [6,7].

Traditionally, evaluation of reforestation was focused on yield data, but recently it has been
recognized its contribution to the ecosystems secondary succession towards a native vegetation [8].
Thus, as reforestation benefits could be considered values such as the enhancement of biodiversity,
the improvement of the stability of ecosystems, the protection from soil erosion etc.; values on
which many research studies have been focused on last years [9, 10]. This consideration is more
obvious in Mediterranean basin where many reforestation efforts aimed at no wood products [6].

The aim of this paper was to evaluate the results of the restoration performed with plantations of
Mediterranean pine species Pinus halepensis and P. pinea, in the hilly area of Livadi-Vasilika,
North Greece. We made the hypothesis that thermophyllus coniferous species can be selected in
restoration projects of Ostryo-carpinion, since they are quite tolerant to the low temperatures
appearing during the winter in this zone, and also, they are favored by the better soil conditions
existing during the summer (due to the higher amount of precipitation). The limitation of
overgrazing also would help the ecosystems to recover. Plant establishment was measured in order
to evaluate the success of restoration as well the vegetation differences between the degraded
ecosystem’s previous state and the new state following restoration [11,12,13]. The last was
accomplished by measuring vegetation at the same time in the adjacent degraded area that was used
as control.

2. MATERIAL AND METHODS

The plantations were carried out in December 1996, on the hilly area of Livadi-Vassilika, North
Greece, 28 Km far from Thessaloniki. The experimental area was degraded public land used for
grazing and covered by low shrubs subjected to overgrazing. The altitude is of 200-300 m asl. The
soils are shallow with many erosion problems. The natural vegetation of the general area belongs to
zone Quercetalia pubescentis and the alliance of Ostryo-carpinion [3]. The bedrock belongs to
magmatic series of Chortiatis and consists of green schists and epigneisses. The climate is
Mediterranean with five months dry period and mean annual rainfall 416 mm (period 1978-1995),
according to the nearest meteorological station of Loutra Thermi, 8 Km far.

Winter plantations were carried out in randomized blocks using two-year old paper-pot seedlings
following mechanical site preparation (before planting, a sub-soiling was applied by a heavy
Machine, Caterpillar D8). Two native pine species Pinus halepensis and Pinus pinea that are
characterized as early successional species, were planted on 2m X 3m spacing. The planting
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material was produced at the public forest nursery of Thessaloniki. All the reforestated area was
fenced.

Data were taken from three permanent plots established for each species located in three different
positions. A number of 90 seedlings per species (30 seedlings in each plot) were selected for field
data sampling. The seedlings were numbered and their total height and root collar diameter were
measured just after the planting. Monitoring of the seedlings’ characteristics as well as species
survival was carried out once a year (in autumn) during the next five years. Furthermore, in the fifth
year (2001) we measured the dimensions of the seedlings crown and we computed their
contribution to total vegetation cover. Furthermore, due to the extreme low temperatures observed
during the winter of the year 2001-02, an additional survival recording was carried out in February
of the year 2002, in order to estimate the influence of the winter cold on species survival.

An overall evaluation of the restored area was carried out in the fifth year when, except for the
plantations performance, we measured the following plant communities parameters: Composition,
total plant cover, planted species cover, native woody and grass species cover, plant species
richness, Shannon-Weiner index, community structure and dominant height; these were recorded
within the 6 selected plantations monitoring plots in a sample area of 50 m” (5X10 m) [14] for the
evaluation of restoration process, and 5 plots in the adjacent control area (which has been suffering
from overgrazing until now). In each plot all the plant species were recorded during the summer
months of the year 2001 in the level of species. Species were distinguished into native in Greece
and exotics. Nomenclature is according to Flora Europea [15]. An optical estimation of each species
cover was carried out and consequently we estimated the total and woody species cover in each plot
[16]. For the estimation of the grass species cover, five subplots (2m X 2m) were randomly selected
within each plot [17]. The average of the five values was then used for the grass cover percentage.
Species richness and Shannon-Weiner index were estimated for each plot [18]. Mean dominant
height was estimated by measuring the five tallest individuals per plot of the native woody and
grass species, while all the planted trees within the plots were measured. The community structure
was evaluated by analyzing the above information appeared in each case.

Statistical analysis was performed using the SPSS package, version 11.5 for windows, and the t-test
procedure was used for comparison of the growth rate between the planted species and for the
detection of significant differences in vegetation features between the restored and control area
[19,20,17].

3. RESULTS

3.1. Planted species survival

Analyzing the survival rate of the planted species five years after the plantations establishment
(Figure 1), it seems that Pinus halepensis is the more successful species in the area than P. pinea,
exhibited a survival rate of 81.8%. The seedling mortality was observed mainly during the first two
years after planting and especially during the first summer due to the high drought. After the second
year only a very low mortality was observed at both species. This mortality happened during the
extreme cold winter of the year 2001-02; however, the cold influence was not too strong to cause
stem necrosis. Parts of some Pinus halepensis trees were defoliated, but when the next growing
season started new needles appeared and, in fact, only very few individuals died. The recorded high
survival shows that this species is of high plasticity and it can successfully cope with the low
temperatures (-11.1° C) that were recorded during the winter of the year 2001-02. Pinus pinea
exhibited lower survival rates reaching 70.3% five years after planting. This species was more
affected by the low temperatures of the winter of the year 2001-02. As in Pinus halepensis, the P.
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pinea trees presented the same symptoms of partial or entire defoliation, but new needles appeared
in the spring; however, the stem necrosis appeared locally and it did not exceed a total percentage
of 5%. The mechanical preparation seems to favor the seedlings survival of both species, mainly by
loosing the soil and thus, allowing the easy expansion of seedlings root system to natural soil [21].
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Figure 1. Performance of the planted pine species five years after the plantations.

3.2. Planted species growth

Average growth rate in terms of height and diameter was statistically greater at Pinus halepensis
trees which exhibited 1.94 m total height and 4.93 cm diameter at ground level, 5 years after
planting (Table 1). Pinus pinea presented lower values reaching 0.99 m height and 4.00 cm
diameter. A great difference between the species was in their cover; Pinus halepensis contributes to
ground cover in a percentage 26.6%, and Pinus pinea has significantly lower contribution
(10.32%). However, the best all-round performance, including survival, was secured by Pinus
halepensis seedlings.

TABLE 1. Morphological characteristics (height, diameter at ground level, dimensions of crown
and canopy cover) of the studied species, five years after planting; values in parenthesis are
standard error of mean.

Species Total shoot Diameter at Dimensions of crown Canopy cover
height ground level (cm) (%)
(m) (cm) Length Width
Pinus halepensis ~ 1.94(0.06)a* 4.93 (0.12)a 135.51(3.64)a  144.92(13.20)a 26.60a
Pinus pinea 0.99(0.02)b 4.00(0.11)b 82.79(2.22)b 81.25(2.37)b 10.32b

* Values in the same column followed by a different letter are significantly different at the 95% level of
confidence (t- test).

3.3. Changes in vegetation composition, species diversity and community structure

The floristic elements in both ecosystems (restored area and control) are similar except for the two
species planted and a few species such as Globularia alypum L. that were recorded only in the
reforestated area. However, the number of species recorded in each plot was significantly higher in
the reforestated area due to the above reason (Table 2); the average species richness per plot
reached 47.4 species in the restored area and 41.8 in the control area. The number of woody species
was also higher in the restored area compared to the control (9 and 7 species per plot respectively).
The Shannon-Wiener index was also significantly greater in the restored area (2.98) than in the
control area (2.60). There were also some differences in species abundance between the reforestated
and control area. For instance, Chrysopogon gryllus (L.) Trin. was the dominant grass species in the
first case comprised 18% of total plant cover, but it was less abundant in the last case (6%)( Figure
2). In contrast, Cynodon dactylon (L.) Pers. was the common dominant species in the control arca
comprised 20% while in the reforestated area its present was low (5%). The total number of species
recorded in both ecosystems was 96 species. Only one species, Solanum elaeagnifolium Cav. was
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exotic (alien species), while the rest ones belong to the native flora. This species was mainly
recorded in the reforestated area but it was also found in some cases in the control area. However,
this species was more abundant in the reforestated area due to its trait to colonize disturb soils [22].

TABLE 2. Differences in plant species diversity and dominant height between the restored and
control plots, five years after plantations; values in parenthesis are standard error of mean.

Vegetation characteristics Restored area Control
Species richness 47.4(0.81)a* 41.8(1.20)b
Number of woody species 9.0 (0.6) 7.0 (0.4)
Shannon-Wiener index 2.98(0.04)a 2.60 (0.09)b
Mean dominant height of planted species (m) 1.69 (0.091) -
Mean height of the dominant native woody

species Quercus coccifera (m) 1.26(0.024)a  1.12(0.019)b

Mean height of the dominant grass

Chrysopogon gryllus and Cynodon dactylon (m)  1.15(0.018)a  0.84(0.016)b
*values in the same row followed by different letter are significantly different at the 95% level of confidence
(t - test).

Concerning the vegetation height, this was greater at the restored area not only due to the presence
of the planted pine species, but also due to the greater height of the native species; the plants were
taller and in better conditions in the restored area than in the control (Table 2). However, the plants
still suffer from overgrazing by goats in the control area, and thus they are in bad conditions,
heavily damaged. The mean dominant height of Quercus coccifera was 1.26 m and 1.12 m in the
restored and control area respectively. Similar results were observed for the main grass species
Chrysopogon gryllus and Cynodon dactylon; their mean dominant height reached 1.15 m in the
restored area and 0.84 m in the control.

The restored area exhibited in all cases higher vegetation cover than the control areas (Figure 2);
the average cover across all the reforestated area was 81.5%, while in control was 76.3%. Much of
this increase in total cover was the participation of the planted species (Table 1). By far the most
common (and dominant) species found in all cases was Quercus coccifera L. which cover averaged
17% in the reforestated area and 24.6% in control (Figure 2), followed by Phillyrea latifolia L. and
Anthyllis hermanniae L., while the rest common woody species Erica manipuliflora Salisb.,
Juniperus oxycedrus L., Cistus incanus L. had a low percentage in all cases (below of five percent
of total cover). Cover of the grasses was consistently the same in the restored and control area,
averaged 40.3% and 37.3% respectively (Figure 2).

3.4. Restoration evaluation

Even though, the flora seems to be almost the same in both ecosystems, species diversity and cover
were significantly higher in the reforestated area than in the control. The vegetation cover in first
case ranged from 75% to 90%, while in the last from 70% to 80% and in some cases 60%. The
mean plant height of the native vegetation was below one meter in the control areas and over in the
reforestated areas. All woody species in the control area were heavily damaged by goats and only
few in the reforestated area (because in some cases goats passed to the fence). Generally, the
species (both woody and grasses) were significantly higher in the reforestated area than in the
control area. Vertical structure was also improved in the restored area, since the planted trees in
combination with the tallest native woody species (Quercus coccifera and in some cases Phillyrea
latifolia) started to create a two-storey community with an overstorey of the above species and an
understory of the rest species. This more complex vertical structure usually favors biodiversity
[23,24,25]. Native vegetation species exhibit also more dense foliage and better stem and crown
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increment. Another important difference was the seed production recorded in many species in
reforestated area; many species both native and planted (especially Quercus coccifera and Pinus
halepensis) produced many seeds which contributes to the higher diversity of the ecosystems [26]
and to a high ability to be self-renewing or autogenic; that considered a common goal for many
restoration projects [27]. Furthermore, acorn production by Quercus coccifera comprises the basis
of many food-webs. On the contrary, the abundance of the species Solanum elaeagnifolium, the
only exotic (alien) species found, in the reforestated area may show that the plantations may
increase habitat invasibility by exotics. However, this species is more abundant in the reforestated
area mainly due to the soil preparation as it prefers bare soils and open habitats [22]; as soon as
canopy closure takes place it will probably disappear.

Total
Woody species
O Quercus coccifera

O Grass species
O Chrysopogon gryllus

Cover %

Cynodon dactylon

Restored Control

Figure 2. Vegetation cover in the restored and control area five years after the plantations.
4. DISCUSSION-CONCLUSSIONS

The quite high survival rates of the used pine species reflect low difficulties experienced by young
outplants on the Ostryo-carpinion alliance in the hilly area of Livadi-Vasilika, North Greece, in the
presence of sufficient site preparation. Both species presented quite high survival rates and medium
growth rate. However, Pinus halepensis exhibited the higher survival and growth rate comparing to
Pinus pinea. It must be particularly mentioned that the planted pine species were affected by the
extreme low temperatures of the winter of the year 2001-2002, but this influence was not so great.
Some individuals were damaged while only very few died. The greater damages appeared in Pinus
pinea but, even in this case, the damages appeared only locally and they did not exceed a total
percentage of 5%. Thus, it can be concluded, that the studied pine species are relative tolerant to the
extreme cold, at least at the age of 7 years.

Similar results reported Zagas and Ganatsas [28], who studied the same and other species in an
experiment carried out in an Arboretum of Vasilika, North Greece at a lower elevation. Both results
support that between the studied pines species, Pinus halepensis presents the best all-round
performance in the conditions of Ostryo-carpinion. Vidacovic et al. [29] also reported the same
results for the same species in Croatia (South Europe) in similar climatic conditions where they
recorded that Pinus halepensis and Pinus brutia were the most successful species.

Changes in vegetation characteristics showed that the restored area exhibited higher plant diversity,
higher vegetation cover, taller plants and more complex community structures. However, it must be
stressed that these results reflect current conditions (five years after plantations) and that the
ecosystem status is quite temporal, since it is subjected to the long gradual process of secondary
succession [11,27]; after the first years of plant establishment, the understorey vegetation will be
suppressed due to the shading effect of young dense coniferous stands [30], and later more shade-
tolerant native species will colonize the reforestated area. Vegetation changes after plantations
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were recorded also by others in different conditions using other woody species [13,12]; however,
the changes depend upon the native vegetation and the planted species as well.

Habitat invasibility by exotics is another point for the estimation of the ecosystem status. Solanum
elaeagnifolium, the only exotic species found, was more abundant in the reforestated area, may due
to its strategy to colonize disturb soils; however, more research is needed to explain this
observation. Increase of habitat invasibility after plantation may be is true when site preparation
results in a high soil disturbance. Greater number of alien plant species was recorded in disturbed
plots than in undisturbed ones in North American forests [31].

In conclusion, from the findings of this study, it seems that the studied Mediterranean pine species,
and especially Pinus halepensis, can be used successfully in restoration projects of degraded areas
in the alliance of Ostryo-carpinion in Greece. However, this should be validated by long-term
studies which should examine the ecosystems changes through several successional stages. These
studies should be on priority in Mediterranean countries where reforestation in many cases
comprises a tool to mitigate degradation even the desertification process [7] and furthermore it
could contribute to the nature conservation as well [8]. Finally, several limitations should be set out:
1) site preparation should be done either by soft machines or better by hands, avoiding in such a way
the great disturbance of the soil in the whole planted area (this means that the best planting
technique is in pits by hands), ii) when the process of natural rehabilitation is quite fast, there is no
need for artificial interventions, as in this case the natural method is preferred for ecosystem
restoration.
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