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Abstract. Natural forests are decreasing dramatically all over the world due to anthropogenic activ-
ity and global environmental changes. The Oriental beech (Fagus orientalis Lipsky) is naturally 
distributed in Strandzha Mountain (SE Bulgaria) and is the best-preserved European broadleaf forest 
complex of the Tertiary forests with evergreen shrubs cover. The aim of the present study was to 
assess the capacity for natural regeneration of the Oriental beech forests in Strandzha Mt. Four forest 
types were studied which differed in the understory (i.e. Rhododendron ponticum L. cover; Daphne 
pontica L. weed cover; herbs cover; only litter cover). The number of Oriental beech seedlings in 
the forest types depended on the age of the trees, the diameter of the stems and the slope where the 
stands grow. The total number of seedlings was significantly lower in the stands with undergrowth of 
R. ponticum compared to the other types of stands. Forest type was the factor found to have significant 
effect on regeneration capacity scores while the year of assessment in this study had no significant 
effect. In conclusion, the regeneration capacity of the natural Oriental beech forest in Strandzha Mt. 
was in general satisfactory. However, the successful regeneration and sustainable persistence of these 
forests will also depend on applying adaptive ecosystem management methods to assist the natural 
regeneration, especially under conditions of a changing climate. 
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AIMS AND BACKGROUND

Natural forests are decreasing dramatically all over the world due to anthropogenic 
activity and global environmental changes1 and understanding and modelling2 
forest dynamics is becoming increasingly important for sustainable management. 
Regeneration rate is believed to be one of the main indicators for estimating the 
adaptive potential of forests to different stress factors3,4.

The Oriental beech (Fagus orientalis Lipsky) is distributed in Bulgaria in 
Strandzha Mountain (SE Bulgaria) and is the best-preserved European broadleaf 
forest complex of the typical for the end of the Tertiary forests with evergreen 
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shrubs cover. These forests are also a source of specific and valuable ecosystem 
services such as non-wood products (medicinal plants, mushrooms, fruits and 
fodder), tourism, recreation, etc. For this reasons a significant part of the terri-
tory occupied by Oriental beech ecosystems is included in the Nature Park (NP) 
‘Strandzha’ which is also part of the National Ecological Network NATURA 2000, 
hosting over 70% of the forested area in Strandzha Mt. 

The natural regeneration of the Oriental beech forests is one of the most im-
portant processes for their sustainable persistence. Regeneration rate is believed 
to be one of the main indicators for estimating the adaptive potential of forests to 
different stress factors and is directly related to management3,4. One of the most 
important criteria for the success of the natural regeneration process is the number 
of developing seedlings and samplings5–7. 

The aim of the present study was to assess the capacity for natural regeneration 
of the Oriental beech forests in Strandzha Mt. in view of the sustainable persistence 
and management of these ecosystems.

EXPERIMENTAL

Study area. The study was carried out in the natural Oriental beech forests (Fagus 
orientalis Lipsky) included in the NP ‘Strandzha’ with an area of 116 100 ha of 
which 80% are the broad leave forests. They are situated at altitude from 0 to 
710 m in a transitional Mediterranean type climate (winter maximum and summer 
minimum rainfall and relatively high average annual temperatures). The other tree 
species also present in the studied Oriental beech forests were Quercus petraea 
Liebl. and Quercus frainetto Ten. occupying about 18% of the total forested area. 
The lower layer of the studied forests consisted of evergreen and deciduous shrubs 
belonging to the relict Colchis flora with high participation of south-euxine floral 
elements forming communities that are attached to different habitats.

Four forest types (FO) with domination of Oriental beech8 were identified 
(coded), as follows: (1) FO/RP – Oriental beech forest with understory of Rhodo-
dendron ponticum L. (Strandzha periwinkle); (2) FO/DP – Oriental beech – Ses-
sile oak grove with weed cover of Daphne pontica L.; (3) FO/h – Oriental beech 
forest with herbs cover as lower layer; (4) FO/n – Oriental beech forest with dead 
litter lower cover. 

Plot sampling. A network of 27 research plots (RPL) was set-up in the studied 
forest types. They were sampled during three successive years – from 2012 to 
2014. A model tree was selected, which served also as a starting point for setting 
the counting transects in four directions in the RPL – two in the direction of the 
slope and two perpendicular to the slope. The transects consisted of 40 census 
plots (1 × 1 m). The size of one transect was 20 m2 (1 × 20 m) and the total area 
of censusеd plots was 1080 m2.
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On each RPL the number of seedlings and samplings of each tree species was 
counted by the transects method and the height of the samplings was measures. 
For the model trees in the plots, age, number, diameter and height of the stems 
were measured. Further, the number of seedlings and the regeneration capacity9 
on each RPL were assessed (Table 1).

Data processing. The number of seedlings and samplings (as items/ha) was de-
termined on every RPL. The height of Oriental beech seedlings and samplings 
was assigned to five height classes: ≤10, 10–20, 20–50, 50–100 and 100–200 cm. 
Regeneration capacity was estimated according to the number of seedlings and 
samplings9 (Table 1). 

Table 1. Regeneration capacity scores according to the number of seedlings and samplings
Regenera-

tion capacity
Score Number of predominating age of seedlings and samplings (years)

1–5 6–10 11–15 >15 (% of tree 
number)

Good 1 10000 5000 3000   78–100
Satisfactory 2 10000–5000 5000–3000 3000–1000 55–77
Weak 3 5000–3000 3000–1000 1000–500 35–54
Bad 4 3000 1000 500   0–34

The number of seedlings in the different forest types was analysed by t-test 
technique for independent samples. The dependence of the number of seedlings 
on the measured stand characteristics was studied by multiple regression analysis. 
The effects of forest type and year of study on the regeneration capacity scores 
were estimated by factorial ANOVA. Statistical analyses were carried out using 
the STATISTICA package.

RESULTS AND DISCUSSION

Data on the age, number, diameter and height of the stems for the model trees, 
the number of seedlings and the regeneration capacity for each RPL are presented 
in Table 2. 

The species composition of seedlings in the studied forest stands was extremely 
poor, i.e. all belonged to the species F. orientalis. The presence of seedlings of the 
other tree species was very rare. The success of natural regeneration was determined 
by the regrowth per unit area. 

The numbers of seedlings per unit area are considered to be the most important 
criterions for determining the success of natural regeneration5,6. The number of 
F. orientalis seedlings differed significantly among the different types of Oriental 
beech forests studied (Table 2).
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Table 2. Measured stand characteristics (RPL means) of the studied forest types (FO/RP – Oriental 
beech forest with understory of Rhododendron ponticum L.; FO/DP – Oriental beech – Sessile oak 
grove with weed cover of Daphne pontica L.; FO/h – Oriental beech forest with herbs cover as lower 
layer; FO/n – Oriental beech forest with dead litter lower cover) 
Forest 
type

Stand characteristics
partici-
pation

fullness altitude
(m)

slope
degrees

height 
of stand 

(m)

age
(years)

D-stem 
(at 

1.3 m)

сeedling 
(s/ha)

score
(reg. 

capac-
ity)

FO/DP 8.57 0.74 558 23.3 20.5   94.3 36.7 13339 1.5
FO/RP 7.14 0.76 221 22.6 20.2 120 35.7   5071 2.9
FO/N 9.2 0.76 496 20.1 18.0   82 40.2 14275 1.2
FO/H 6.0 0.61 264.6 22.7 18.6   93.7 40.6 15703 1.1

The lowest number (0–1.70/m2) was found in stands with undergrowth of R. 
ponticum (FO/RP). The highest density of seedlings (0.76–3.40/m2) was present 
in stands with herbs as undergrowth (FO/h). Relatively high density of Oriental 
beech seedlings was established in the stands without undergrowth of other spe-
cies (FO/n) (0.75–2.20/m2) and in stands with undergrowth of D. pontica (FO/
DP) (0.45–2.90/m2) (Table 3). 

The effect and significance of the studied stand characteristics (see Table 2) on 
the number of Oriental beech seedlings was analysed using multiple regression with 
the mean number of seedlings/ha in the RPL as the dependent variable (Table 3). 
The results clearly indicated that the total number of Oriental beech seedlings in 
the RPL depended on the age of the trees, the diameter of the stems and the slope 
where the stands grow. Similarly, the production of seeds was shown to depend 
on the age, height, diameter and top form of beech trees in earlier studies10 and 
hence trees in the stand should be in the age of maturity if regeneration practices 
should be performed5,11. The age of the forest stands in our study was between 50 
and 140 years and it seemed that the trees had not yet reached full regeneration 
phase, which in beech forests continues to the age of 160–180 years9.

By comparing the total number of seedlings among the forest types studied 
(t-test for independent samples) we proved that the stands with undergrowth of 
R. ponticum (FO/RP) had statistically significant lower numbers of seedlings than 
the other RPL with different undergrowth. Similar findings were reported for Ori-
ental beech stands in the Turkish part of the mountain12. The regeneration capacity 
of the Oriental beech stands in the different forest types was estimated9 and scored 
(1 – Good capacity, 2 – Satisfactory capacity, 3 – Weak capacity, 4 – Bad capacity).
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Table 3. Summary of multiple regression analysis for effects of stand characteristics on the number 
of seedlings (significant effects are underlined) 

Effect b (std.err.) t (45) p-value
Intercept –0.000 (0.13) –0.000 1.000
Part   0.066 (0.23)   0.293 0.770
Full –0.337 (0.21) –1.609 0.114
Alt –0.104 (0.19) –0.546 0.587
Slope –0.313 (0.17) –1.777 0.051
Height   0.403 (0.24)   1.617 0.112
Age –0.618 (0.25) –2.392 0.021
D-stem –0.263 (0.15) –1.739 0.048

In order to evaluate the effects of the forest type and the dynamics (year of 
study) on the regeneration capacity of Oriental beech we applied factorial ANOVA 
analysis to the regeneration capacity scores. The results of the analysis are pre-
sented in Table 4. It was proved that statistically significant effect on regeneration 
capacity was present only for the forest type (FT). The year of assessment had not 
significant effect on the regeneration capacity scores. Further, the joined effect of 
year and FT was also not significant (Table 4).

Table 4. ANOVA results on the effects of forest type (FT) and year (year) on the regeneration 
capacity scores for the RPL (MS – mean sum of squares; F – the Fisher statistic; p – significance)

Effect MS F p
Intercept 152.14 233.48 0.000000
Year 1.3161 2.0196 0.162021
FT 9.4558 14.51 0.000001
Year ×FT 0.3304 0.507 0.679415
Error 0.6516 - –

CONCLUSIONS

Our results indicated that the regeneration capacity of the Oriental beech forests 
in Strandzha Mt. depended strongly on the undergrowth cover. The natural re-
generation capacity of Oriental beech in Strandzha Mt. can be defined as bad (or 
unsuccessful) on some of the RPL and as satisfactory on the others. The natural 
regeneration capacity of Oriental beech stands with R. ponticum as undergrowth 
was predominantly weak. 

In conclusion, the capacity for natural regeneration of Oriental beech forest in 
Strandzha Mt. was determined in general as satisfactory. However, the regenera-
tion capacity of the Oriental beech stands with R. ponticum as undergrowth was 
strongly inhibited. Hence, the successful regeneration and sustainable persistence 
of the natural Oriental beech forests in Strandzha Mt. will also need application 


