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Abstract
Forest cutting and natural reforestation essentially affect the species diversity, structure 

and live biomass of trees and green forest floor (GFF). Spruce forests, different-aged mixed 
deciduous-coniferous stands, and birch young forest in the taiga zone of northeastern Russia 
(Komi Republic) have been studied. Tree species are represented by Betula pendula, B. pu-
bescens, Populus tremula, Pinus sylvestris, Picea obovata, Abies sibirica. Soil types at study 
objects are weakly peaty-weakly podzolic gley soil and illuvial-humus-iron podzol. Before 
cutting instead of today’s deciduous forests there grew a 150–190-year-old spruce forest. 
GFF live biomass vary from 0.4 upto 3.9 t.ha-1 and reaches its highest values in spruce for-
est and the lowest values in 37-year-old birch-aspen forest. High resistant of phytomass in 
spruce forest and 90 years old birch-aspen forest, low resistant phytomass characterizes 
middle-aged deciduous-coniferous forests. Weight proportion grasses/mosses makes 1:1 in 
middle-aged deciduous-coniferous forests, 3:5 in birch young forest and 90-years-old birch-
aspen forest, and 1:8 in spruce forest.

Key words: deciduous-coniferous stands, phytomass, species diversity, taiga.

Introduction

Formation of secondary mixed decid-
uous-coniferous stands at large areas 
after clear cutting during the 20th cen-
tury became a characteristic feature of 
northern forests. These stands are rep-
resented by aspen and birch in over sto-
ry and by coniferous tree species, main-
ly spruce, in understory. A specificity of 
reforestation in northwestern Russia is a 
combination of natural regeneration and 
artificial reforestation (Leinonen et al. 

2009). The cut areas of 1950–1990 on 
the territory of Komi Republic are now 
secondary spruce-birch and pine-birch 
forests. Most of them are result of natu-
ral regeneration.

The studies of succession processes 
in mixed deciduous-coniferous forests 
are important for understanding the 
dynamics of taiga forests. Phytomass 
structure is one of the most important 
characteristics of vegetation cover. For 
the Republic of Komi, species composi-
tion and structure of deciduous and de-



T. Pristova116

ciduous-coniferous stands were studied 
by Degteva (2002), reforestation proc-
esses by Ilchukov (2003) and Pautov 
and Ilchukov (2001).

Anthropogenic impact and follow-
ing natural reforestation substantially 
change composition, structure, and 
phytomass of trees and vegetation 
cover. Species composition of GFF af-
ter cutting initial forest is formed under 
influence of a series of factors. Grasses 
at cut areas actively respond to changes 
of ecological conditions. Estimating of 
plant phytomass is of a high practical 
and theoretical significance. The type of 
secondary forest depends on the mode 
of cutting, initial forest characteristics, 
on climatic, soil, and biotic factors (Me-
lekhov 1954). The aim of the study was 
to reveal the principle characteristics of 
GFF in forests at different succession 
stages. 

Materials and Methods

Mixed deciduous-coniferous and spruce 
forests have been studied for 10 years 
at the Lyali Forest-Ecological Station 
on the North-West of Russia (Komi 
Republic). 

The studied objects are ranked by 
age from youngest to oldest (Table 1).

Birch-spruce young forest and mid-
dle-aged birch-aspen forest replaced 
once felled haircap-moss bilberry 
spruce forest and bilberry spruce for-
est, relatively, with tree stand com-
position 80% spruce and 20% birch, 
undergrowth composition 10% spruce, 
age 150–190 years. Studying of GFF 
in sphagnum bilberry spruce forest and 
bilberry spruce forest provides us the 
information on live biomass, species 

composition and structure before cut-
ting. 

Estimation of GFF live biomass was 
made by hay-harvest method at the area 
of 400 cm2 in a 40-fold replication and 
at area 878.9 cm2 in a 20-fold replica-
tion. Species composition and live bio-
mass were measured at each test plot 
for 3 years. 

Results and Discussion

GFF of the studied forests is mosaic, es-
pecially in deciduous young forest and 
middle-aged birch-aspen forest. The 
studied forests differed by species com-
position and species number in GFF. 
Total number of plants in the studied 
phytocenoses was 65 species, among 
them 52 vegetation cover species. 
North and south taiga subzones of Komi 
Republic may count up to 361 plant spe-
cies in birch forests. Mixed deciduous-
coniferous forests had as many as 1.4 
times more plant species than spruce 
forests. Species number in deciduous 
stands of Komi Republic was some-
times higher than one in spruce forests 
by 1.5–2 times, and it increased due to 
perennial grasses (Degteva 2002).

The most amounts of species were 
found in deciduous-coniferous forest 
(No 3) and the least amounts in pine-
deciduous forest (No 4) (Fig.1). Species 
composition of GFF during reforestation 
depends on type of cutting. GFF at clear 
cuttings is most dynamic (Melekhov 
1954). Species composition formation 
in secondary deciduous forests is a very 
special process and is influenced by 
number of factors. Several reforestation 
principles, well-known in forestry that 
are appropriate for the species compo-
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sition of study forests could be men-
tioned:

1. Grass plants at cuttings with dif-
ferent types of technogenic disturbance 
actively respond to changing of ecologi-
cal conditions. Ten 
years after cutting 
the number of grass 
species increased 
by 1.6 times on 
logger-roads and by 
2.3 times on tim-
ber-loading areas. 
Thirty-five years 
after tree cutting, 
species number in-
creased by 6 and 
20%, respectively, 
compared to the 
10-year-old cutting 
(Ilchukov 2003). 
According to our 
results, species 
number in GFF of 
birch young for-
est and spruce for-
ests was about the 
same, while in de-
ciduous-coniferous 
stand it was about 
1.5 times more than 
that in the spruce 
forest.

2. During the 
reforestation the 
green mosses de-
creased in amount 
because of chang-
ing of illumination 
(Melekhov 1954, 
Ilchukov 2003). Six 
green moss species 
were found in the 
studied spruce for-

ests and 2–4 species in the deciduous 
forests.

3. The typical indicator-species of 
cut areas was Chamerion angustifolium. 
There is some this species in deciduous 

Table 1. Characteristic of plots.

No Tree stand 
composition 

Forest 
age, 
years 

Forest type Type of soil 

1 Birch 80% 
Spruce 20% 12 Grassy peaty-weakly- 

podzolic gley soil 

2 

Aspen 50% 
Birch 40% 
Spruce 10% 
Fir (Abies) – 
singly 

37 Grassy 
peaty-podzolic-
weakly gley soil 

3 

Aspen53% 
Birch 40% 
Pine 4% 
Spruce 3% 

45 grassy-bilberry illuvial-humus-
iron podzol 

4 

Pine 51% 
Birch 24% 
Aspen 23% 
Spruce 2% 

45 bilberry illuvial-humus-
iron podzol 

5 

Aspen 70% 
Birch 20% 
Spruce 10% 
Fir (Abies) – 
singly 

90 
Grassy-green 

moss 
typical podzolic 

soil 

6 

Spruce 90% 
Birch 10% 
Pine <1% 
Fir (Abies) – 
singly 

106-200 
bilberry-

sphagnous 
peaty-podzolic-
weakly-gley soil 

7* 

Spruce 80% 
Fir (Abies) 
10% 
Birch 10% 
Pine <1%* 

80-150 
bilberry 
moisture 

illuvial-humus-
iron podzol 

* Bobkova (2006)
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stand but does not bloom (Melekhov 
1954). We did not found Chamerion 
angustifolium only in the spruce and 
mixed pine-deciduous forests.

We have applied the Stugren-Rad-
ulesku coefficient for comparing the 
species composition. The highest val-
ues of this coefficient were obtained 
when comparing between birch-aspen 
and pine-deciduous forests (0.27). 
There was almost no similarity between 
spruce forest and young forest and mid-
dle-aged deciduous forests.

Specific similarity between plots 
was estimated by the Jaccard’s coeffi-
cient (KJ). The maximum similarity value 
(KJ>70%) was observed for birch-spruce 
young forest and aspen-birch stands (37- 
and 90-year-old stands). The high degree 
of similarity is attributed to the fact that 
they grow on the same soil type.

High similarity values (KJ>50%) 
were found among all middle-aged 
stands and young forest. In this case, 

it is related to simi-
lar composition, 
age and origin of 
tree stands. A high 
similarity degree 
between spruce 
forests and young 
forest (KJ=58%) is 
due to the fact that 
cut area (now young 
forest) remained 
with some spruce 
u n d e r g r o w t h , 
spruce trees and 
typical spruce forest 
plants. This is one 
of important refor-
estation and vegeta-
tion cover formation 
factors (Melekhov 
1954).

The differences between sample plots 
in terms of species composition were es-
timated also by the differentiation coef-
ficient (KD). The highest differentiation 
degree (KD>60%) was found between 
middle-aged deciduous and spruce for-
ests due to essentially different species 
composition, and forest site quality. High 
degrees of differentiation (KD>50%) 
were found between 90 years old birch-
aspen and spruce forests, 90 years old 
birch-aspen and middle-aged forests. 
This indicates that 90-year-old stand has 
a special species composition different 
from both spruce forest and middle-aged 
deciduous forests. 

The maximum phytomass was ac-
cumulated in bilberry-sphagnum spruce 
forest (No 6) – 3858±369 kg.ha-1, 
and the minimum in birch-aspen for-
est (No 2) – 406±62 kg.ha-1 (Table 2). 
Among deciduous forests, phytomass 
accumulation reached its maximum in 

Fig. 1. Amount of plant species on the sample plots.
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birch-spruce young forest – 1950±220 
kg.ha-1 and its minimum in birch-aspen 
forest – 406±62 kg.ha-1 (Table 2). GFF 
live biomass was dominated by Vaccin-
ium myrtillus L., V. vitis-idaea L., Agros-
tis tenuis Sibth., Geranium sylvaticum 
L., Chamerion angustifolium (L.) Scop., 
Melampyrum sylvaticum L., Solidago 
virgaurea L., Cirsium heterofillum (L.) 
Hill., Polytrichum commune (Hedw.) 
Br., Sch. Et Gmb., Plerozium schreberi 
(Brid.). Mitt., Hylocomium splendens 
(Hedw.) Br., Sch. et Gmb., Sphagnum 
magellanicum Brid.

Phytomass of ferns, horsetails, and 
club-mosses was never above 5% of 
total GFF live biomass in study forests 
and never above 10% for gramineous 
plants. Dominating groups of plants are 

undershrubs, grasses, and mosses. In 
middle-aged deciduous-coniferous and 
birch-aspen forests we found about 
40% of grasses, undershrubs – 20% 
and mosses – 40% of the total (Ta-
ble 2). In birch-spruce young forest 
and birch-aspen (90 years old) forest, 
grasses had about 30% and mosses 
more than a half of the total mass. High 
live biomass of undershrubs (70%) was 
observed in pine-deciduous stand. The 
proportion between mosses and grasses 
depends on tree stand composition, age 
and soil type. For example, in middle-
aged deciduous forests on illuvial-hu-
mus-iron podzols the ratio was 1:1, in 
birch young forest and birch-aspen (37 
years old) forests on peaty weakly-pod-
zolic weakly-gley soil – 1:2. In spruce 

* Bobkova (2006)

Table 2. GFF live biomass, kg dry matter ha-1/%.

No Forest type Total 
phytomass Moss Subshrubs Grass 

1 
Birch-spruce young 

forest 

1951±221 
100 

1119±130 
57 

292±33 
15 

540±28 
28 

2 Birch-aspen (37 years) 407±63 
100 

151±16 
37 

79±22 
19 

177±14 
44 

3 Deciduous-coniferous 1033±241 
100 

429±165 
42 

221±13 
21 

383±88 
37 

4 Pine-deciduous 702±131 
100 

120±58 
17 

471±207 
67 

110±12 
16 

5 Birch-aspen (90 years) 
681±39 

100 
351±35 

52 
64±17 

9 
266±26 

39 

6 Spruce forest 
3858±360 

100 
3190±272 

83 
86±8 

2 
583±59 

15 

7 Spruce forest* 1837±56 
100 

1498±43 
82 

270±12 
15 

69±7 
3 
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forest mosses were dominant and so 
the proportion became 1:7.

We applied the coefficient of varia-
tion (V) for statistical analysis of phy-
tomass. The data presented indicate 
relative stability of the studied phyto-
cenoses in GFF live biomass (Table 3).

Spruce forests and birch-aspen for-
est (90 years old) were the most stable 
according to the total phytomass index 
of vegetation cover plants. Less stable 
were the middle-aged deciduous for-
ests. On the whole the variation coeffi-
cient for GFF live biomass varied within 
a small range, except for some groups 
of plants. Mosses live biomass was 
stable in spruce forest, birch-aspen for-
ests, and birch young forest. This stabil-
ity is related to peaty weakly-podzolic 
weakly-gley soil and wide participation 
of sphagnum in the phytomass. Poly-
trichum commune and Sphagnum spp. 
mosses can develop instead of green 
mosses at cut areas (former spruce 
forests) under certain conditions. This 
is because green mosses are less tol-
erant to changing illumination (Mele-
khov 1954). The birch young forest 

was found on  small wet plots (former 
logger-roads) dominated by sphagnum 
mosses.

Live biomass of moss cover in the 
middle-aged deciduous forests varied 
widely. Subshrub layer in deciduous-
conifer and spruce forests was the 

most stable one. A 
high variation coef-
ficient for subshrub 
phytomass in the 
pine-deciduous for-
est (43.9%) indi-
cates a possible 
decrease of their 
share in the total 
phytomass. This 
stand was domi-
nated by bilberry 
and cowberries, but 
they may decrease 
in phytomass be-
cause of the sec-

ond spruce canopy formation and the 
consequent illumination change. The 
highest species diversity and mosaic-
ity of grasses in GFF are typical for the 
deciduous and mixed deciduous-conif-
erous forests. Phytomass of grasses in 
the deciduous and mixed deciduous-
conifer forests was 1.6–7.8 times 
higher as compared to the bilberry 
spruce forests. Mosses phytomass 
in the spruce forests was 2.9–12.5 
times higher as compared to decidu-
ous and deciduous-coniferous forests 
(Table 2).

Conclusion

The obtained results show that species 
composition and phytomass of GFF in 
the secondary deciduous forests de-

  Forest type 
Total 

phytomass Moss Subshrubs Grass 

Birch-spruce young 
forest 

11.3 11.6 11.3 9.6 

Birch-aspen (37 years) 15.5 10.5 27.7 10.6 
Deciduous-coniferous 23.4 38.5 6.0 31.0 
Pine-deciduous 18.7 48.2 43.9 18.7 
Birch-aspen (90  years) 5.6 10.1 27.1 24.2 
Spruce forest 9.3 8.5 9.8 16.8 
Spruce forest * 3.1 2.9 4.6 10.3 

 

Table 3. The variation coefficient of GFF live biomass, %.

* Bobkova (2006)
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pends on tree composition and age, soil 
type, and succession stage.
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Abstract
We studied the growth in height, diameter, volume and the most important wood proper-

ties of 11-year old Ailanthus altissima (Mill.) Swingle trees grown at the Research station 
for fast-growing species near Svishtov, Bulgaria. We found that the height growth was 
most intensive during the first years with maximum rate in the 5th year. The diameter and 
volume growth were continuous and by the 11th year still had not reached a decrease in 
the rate. The wood density at air-dry condition (w=7.5%) was 620 kg.m-3, at absolutely 
dry condition (w=0%) was 580 kg.m-3, while at maximally saturated with water (density 
in row condition) it was 1045 kg.m-3. The volume shrinkage was 14.85%. Head hardness, 
studied following Brinel method (in direction parallel to the grains), was 83.41 N.mm-2, the 
hardness in radial direction was 61.48 N.mm-2 and in tangential direction – 52.03 N.mm-2. 
The bending strength (MOR) of air-dry wood was 71.11 N.mm-2. The modulus of elasticity 
(MOE) was 11.906 GPa. The compression strength parallel to the fibres was 55.83 N.mm-2. 
The shear strength parallel to the fibеrs in tangential plain was 14.41 N.mm-2, while in radial 
plain was 13.65 N.mm-2. Our results show that Ailanthus altissima is underestimated fast-
growing species, whose wood can be successfully used for production of paper and furni-
ture. Therefore we consider appropriate a recommendation to start trials with establishment 
of experimental plantation.

Key words: timber properties, density, hardness, bending strength, gluing strength.

Introduction

The native land of Ailanthus altissima 
is China. The word “ailanthus“ derives 
from the Moluccan name “aylanto” and 
means “tree-of-heaven”. The word “al-
tissima” means very tall (Kowarik and 

Saumel 2007). Besides the characteris-
tics of the tree, this also reflects the very 
long leaves, which can reach more than 
1 m in length. It was introduced in 
Europe in 1751 (in England) and in 
America in 1874 (Alden 1995). In these 
years this tree was planted in parks and 
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gardens. Ailanthus altissima is fast-
growing tree species. In its first year it 
can reach 3 m in height. For the dura-
tion of their life individuals can reach 
20–30 m in height and 0.6–0.8 m in 
diameter (Hu 1979). The trees produce 
wide crown with thick and sparsely sit-
uated branches. At early age the bark is 
smooth, yellowish-gray or brown-gray 
in color. At higher age the bark is shal-
low and with longitudinal cracks. The 
leaves are decompound, i.e. the pro-
longed oval leaf blades are bilaterally 
and horizontally situated over thin sticks 
with 1 m length. The leaves are rich in 
tannins and when ground with fingers 
the Ailanthus leaves foul odor. The 
flowers have similar odor. The Ailanthus 
tree blossoms in June. The flowers are 
small greenish-yellow, unisexual or sy-
noecious, gathered in heavy, straight 
broom racemes. The fruit is a nut with 
one winglet. The seeds become ripe in 
October and spend the winter on the 
tree (Hu 1979, Swearingen 2009). They 
are easily transported by wind. The spe-
cies reproduces easily vegetatively from 
root and stem sprouts and generatively 
with abundant seeds. Characteristic 
biological feature of Ailanthus altissima 
is that the trees form huge quantities 
of root suckers. Its root system is de-
veloped in both horizontal and vertical 
direction (Kowarik and Saumel 2007). 
It settles down in fertile soils, but can 
be found also on poor soils. The trees 
are also tolerant to calcium content in 
the soil. Ailanthus prefers sunny loca-
tions. It tolerates sudden temperature 
changes. Due to the ability of the spe-
cies to colonize rapidly open territories 
and its wide tolerance to soil conditions, 
many trials for evaluation of its poten-
tial as erosion control species were es-

tablished in Bulgaria. Often the species 
displays pioneer character and in some 
regions of the world (including parts of 
Bulgaria) is considered as “invasive” 
(Swearingen 2009). Especially in aban-
doned city environment it can quickly 
colonize wide territories. An important 
feature that gives Ailanthus advantage 
in this respect is that the tree is al-
lelopathic and can limit the growth of 
other species by releasing plant toxins 
(Lawrence et al. 1991). Yet, the spe-
cies is still widely used as a garden tree 
and as economically important one. 
Among the features that make it valu-
able are medical uses of the plant, use 
of the wood for furniture production and 
energy source, and for breeding of the 
moth Samia cynthia from which valua-
ble “eri silk” is produced (Hu 1979). The 
species is spread in countries all over 
the world in both warm and temperate 
zones. In Bulgaria  Ailanthus was intro-
duced probably at the end of 19th or at 
the beginning of 20th century for the 
purpose to lay out city lawns, parks and 
gardens. A great amount of Ailanthus 
trees at the age of 80 years are pre-
served. They are in good condition with 
diameters from 40 to 94 cm. The old-
est tree can be seen in Sofia behind the 
King`s palace. Probably this venerable 
tree is from the period of the initial gar-
den plantings. Its diameter is 116.9 cm 
and the height is 18 m. This changes 
the former perception that the maxi-
mum age that the species may reach in 
Bulgaria is 40–50 years (Enchev 1975). 
During the second half of the 20th cen-
tury experimental Ailanthus plantations 
were established in the Research sta-
tion for fast-growing species near the 
village of Vardim close to Danube river. 
The purpose was to test the growth of 
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this fast-growing species under control-
led conditions. Yet, despite initial data 
showing fast growth and high potential 
for production of wood and biomass, up 
to this moment Ailanthus was neglect-
ed especially from the point of view of 
wood production. The main reason is 
the common perception in Bulgaria that 
the wood is of low quality and not us-
able for practical purposes. Yet, wood 
properties were studied in other coun-
tries. A study in the Madison laboratory 
(Alden 1995) reported that Ailanthus 
stems have wide core, narrow light 
grey-reddish heartwood and wide yel-
lowish-white sapwood (Moslemi and 
Bhagwat 1970). The wood has ring po-
rous structure. Tracheas have big diam-
eter and are arranged in narrow stripe 
spring zone, which can be seen at the 
beginning of the annual ring with a na-
ked eye. The annual rings are wide, the 
latewood takes 90% of the ring. In the 
longitudinal tangential section of the 
stem core rays can be seen with a na-
ked eye. Their appearance resembles 
glittering brief stripes. Anatomic sec-
tions revealed that core rays are mon-
ostichous and polystichous with brief 
spindle shape (Enchev 1975). A study of 
wood properties made by Alden (1995) 
demonstrated that the specific grav-
ity at 12% humidity was 0.531 g.cm-

3 and density in air-dry condition was 
537-617 kg.m-3. The modulus of elas-
ticity (MOE) during bending unseasoned 
wood was 6.343 GPa and of dry wood 
it was 10.48 GPa. Modulus of rupture 
(MOR) or border bending strength of un-
seasoned wood was 41.37 MPa and of 
dry wood it was 81.361 MPa. Pressure 
strength parallel to the fibers of unsea-
soned wood was 16.548 MPa and of 
dry wood it was 36.268 MPa. Pressure 

strength cross to the fibers of unsea-
soned wood was 2.62 MPa and of dry 
wood it was 7.791 MPa. Shear strength 
parallel to the fibers of unseasoned 
wood was 7.239 MPa and of dry wood 
it was 15.444 MPa (Hoshovsky 1988). 
Here we aim at studying the wood prop-
erties of Ailanthus trees grown under 
controlled conditions in Bulgaria. Our 
purpose was to obtain data for the most 
important technical characteristics and 
thus to provide initial data about the 
potential of the species for fast wood 
production.

Material and Methods

We used the timber of 11-years old 
Ailanthus tree from the seed-garden in 
the village of Vardim. We did annual 
measurements of the height and di-
ameter of the tree. At the time it was 
felled the sample tree had diameter 
16 cm and height 12.6 m. The stem 
was cut to planks with 60 mm thick-
ness at each meter and they were left 
outdoors covered by shelter. Thus they 
were subjected to natural drying under 
the influence of the weathering factors 
for a period of three years. Then we 
did standard stem analysis measuring 
the tree ring increment for each plank. 
From the central planks we made sam-
ples which were used to determine the 
most important physical and mechani-
cal properties. In the study we fol-
lowed standard procedures according 
to the Bulgarian standards and corre-
spondent with DIN 1052. Gluing prop-
erties of Ailanthus wood were studied 
following regulations of BDS EN 204, 
BDS EN 205, BDS EN 301 and BDS 
EN 302. Gluing was done in labora-
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tory conditions in cold press with glue 
Jowacol 107 and in hot press (125°C) 
with glue Prefere 4114. The used spe-
cific pressure was 0.5 MPa. The adhe-
sion strength of protective decorative 
films to wood surface was examined 
according to a method that is regulated 
in BDS 13088:86 and BDS EN 4624.

Results

Tree growth

The height growth was most intensive 
during the first 4 years. It reached its 
maximum rate in the 5th (Fig. 1). The 
rate of diameter increment was steady 
until the 8th year and then decreased 
slightly (Fig. 2).

The diameter growth at 1.3 m height 
was as follows: at the 1-st year – 0.8 
cm; at the 2-nd year – 2.5 cm; at the 
3rd – 4.1 cm; at the 4th – 5.8 cm; at the 
5th – 7.65 cm; at the 6th – 9.55 cm; 

at the 7th – 11.6 cm; at the 8th – 13.3 
cm; at the 9th – 14.6 cm; at the 10th 
– 16.3 cm and at the 11th – 17.7 cm 
without bark (fig. 2). The curve of vol-
ume increment until the age of 11 years 
showed ascending tendency and culmi-
nation has not yet been reached (fig. 3). 
Our results demonstrate that Ailanthus 
is indeed a fast growing species with 
high accumulation of wood in the first 
one to two decades of growth. The only 
faster growing valuable trees in Bulgaria 
are poplar cultivars, which can reach up 
to 20 m height at age of 11 years (data 
for cultivar “I-214” grown in the same 
location).

Wood properties

During the initial visual analysis of wood 
samples we determined that the annual 
rings were very wide in the first five 
years. In that period they were 15–17 
mm. In the next few years they were 
slightly narrower (11–13 mm). In longi-

Fig. 1. Height growth of 11-years old Ailanthus tree.
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tudinal sections the extract substances 
in tracheas could be seen with a naked 
eye. They resembled glittering yellow-
ish-orange crystals. The average values 
of the studied physical and mechani-
cal properties of Ailanthus timber are 
shown in Table 1. In respect to density 

and static hardness it was estimated 
that Ailanthus timber refers to the group 
with average density and hardness. 
The wood density at air-dry condition 
(w=7.5%) was 620 kg.m-3. When the 
wood was in condition with the high-
est degree of water content, the density 

Fig. 2. Diameter growth of 11-years old Ailanthus tree.
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was 1045 kg.m-3. The density at abso-
lutely dry condition (w=0%) was 580 
kg.m-3. The conventional density was 
485 kg.m-3. Head hardness, defined by 
the Yanka method, was 59.68 N.mm-

2. Head hardness, defined by the Brinel 
method, was 83.41 N.mm-2. The cross 
radial hardness, defined by the Yanka 

method, was 44.07 N.mm-2. The cross 
radial hardness, defined by the Brinel 
method, was 61.48 N.mm-2. The cross 
tangential hardness, defined by the 
Yanka method, was 54.07 N.mm-2. The 
cross tangential hardness, defined by 
the Brinel method, was 69.23 N.mm-2. 
The hardness in tangential direction, i.e. 

Table 1. Physical and mechanical properties of the timber of 11-years old Ailanthus tree.

Symbol: n – quantity of sаmples.

Variation indexes 
No Property n 

Aver. St.D. Error V, % P, % 

1 Density in row condition, kg.m-3 81 1,045 23.9 2.66 2.3 0.25 

2 Density in dry condition, kg.m-3 81 620 23.5 2.61 3.8 0.42 

3 Density in abs.dry condition, kg.m-3 81 580 21.0 2.33 3.6 0.41 

4 Conventional density, kg.m-3 81 485 24.8 2.75 5.1 0.57 

5 Water absorption, % 81 115 3.85 0.43 3.3 0.37 

6 Tangential swelling, % 81 12.34 1.89 0.21 15.3 1.70 

7 Radial swelling, % 81 6.41 1.45 0.16 22.6 2.51 

8 Swelling in size, % 81 19.51 2.83 0.31 14.5 1.61 

9 Tangential shrinkage, % 81 10.82 1.43 0.16 13.2 1.46 

10 Radial shrinkage, % 81 6.12 1.06 0.12 17.3 1.92 

11 Shrinkage in size, % 81 17.09 1.45 0.16 8.48 0.94 

12 Head hardness-Yanka, N.mm-2 64 59.68 4.25 0.53 7.12 0.89 

13 Radial hardness-Yanka, N.mm-2 64 44.07 4.52 0.56 10.2 1.28 

14 Tangential hardness-Yanka, N.mm-2 64 54.07 4.73 0.59 8.75 1.09 

15 Head hardness-Brinel, N.mm-2 64 83.41 16.9 2.11 20.3 2.53 

16 Radial hardness-Brinel, N.mm-2 64 61.48 21.7 2.71 35.3 4.41 

17 Tangential hardness-Brinel, N.mm-2 64 69.23 14.2 1.78 20.5 2.56 

18 Compression strength parallel the direction of 
fibers, N.mm-2 

64 55.83 3.63 0.45 6.5 0.81 

19 Tangential shear strength parallel the direction of 
fibers, N.mm-2 

64 14.41 1.68 0.21 11.6 1.45 

20 Radial shear strength parallel the direction of 
fibers, N.mm-2 

64 13.65 2.64 0.33 19.3 2.42 

21 Radial split strength parallel the direction of 
fibers, kN.m-1 

64 85.18 17.7 2.21 20.7 2.59 

22 Tangential split strength parallel the direction of 
fibers, kN.m-1 

64 106.4 20.4 2.55 19.2 2.39 

23 Static bending strength, N.mm-2 64 71.11 8.56 1.07 12.1 1.51 

24 Modulus of elasticity during static bending, 
N.mm-2 

64 11,906 1,873 234 15.7 1.97 
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in radial section (radial cross hardness) 
had lower values in comparison with 
that in radial direction. According to this 
index the Ailanthus wood is of equal 
worth to walnut wood, which has head 
hardness 72 N.mm-2 and cross hardness 
54 N.mm-2 (Enchev 1975). The com-
pressive strength parallel to the direction 
of the Ailanthus fibers (55.83 N.mm-2) 
was lower than that of oak (Quercus), 
76.2 N.mm-2 (Enchev 1975). The shear 
strength parallel to the Ailanthus fibers 
(13.65 N.mm-2 in radial plane and 14.41 
N.mm-2 in tangential plane) was almost 
equal of this of oak-tree: 13.8 N.mm-2. 

The Ailanthus wood can split parallel to 
the direction of the fibers more difficult 
in tangential direction: 106.42 kN.m-1, 
than in radial direction: 85.18 kN.m-1. 
The modulus of linear deformation dur-
ing static bending of Ailanthus timber 
(11,906 N.mm-2) was almost equal to 
that of walnut (12,500 N.mm-2), but 
it was considerably lower than that of 
the oak-tree (16,000 N.mm-2) (Enchev 
1975). We would like to stress the fact 
that both walnut and oak trees need 
much more years to reach the same di-
ameter as the one studied in Ailanthus 
tree.

Table 2. Gluing strength of the timber of 11-years old Ailanthus tree.

Variation indexes in N.mm-2 Destruction, 
% No Variant Glue n 

Aver. St.Dev. Error V, % р, % W AF 

1 Р+Р 
Prefere 
4114 36 5.01 1.01 0.17 20 3.3 100 - 

2 Р+Р 
Jowacol 

107 
36 4.85 1.15 0.19 24 3.9 90 10 

3 А+ А 
Prefere 
4114 36 15.24 2.43 0.41 16 2.6 25 75 

4 А+ А 
Jowacol 

107 
36 13.13 2.83 0.47 22 3.6 10 90 

5 А+ А 
Jowacol 

107 36 13.13 2.83 0.47 22 3.6 10 90 

7 R+ R 
Prefere 
4114 36 16.93 3.08 0.51 18 3.0 20 80 

8 R+ R 
Jowacol 

107 36 13.27 3.12 0.52 23 3.9 15 85 

Symbols: P – Paulovnia timber; A – Ailanthus timber; Q – Quercus timber; A – Robinia 
preudoacacia timber; n – quantity of sаmples; W – destruction in wood; AF – adhesion de-
struction between wood and protective film.
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The results displayed in Table 2 demon-
strate that Ailanthus wood sticks very well 
with dispersion polyvinilacetate glues and 
with reactive urea-formaldehyde glues. 
The gluing strength of Ailanthus wood 
with the reactive glue Prefere 4114 was 
15.24 N.mm-2 and with the dispersion glue 
Jowacol 107 was 13.13 N.mm-2.

The Ailanthus wood can be var-
nished very well. Table 3 shows the 
average values of adhesion coatings 
formed with two-component poly-
urethane system (Pu-683/50+B-640) 
and the average values of coatings, 
formed with water-diluted acrylic var-

nishes (Aquis). The average values of 
adhesion of polyurethane (Pu) coat-
ings ranged from 3.84 N.mm-2 to 6.37 
N.mm-2. The average values of adhe-
sion of acrylic (AqA) coatings varied 
from 4.37 N.mm-2 to 9.75 N.mm-2.

The comparative analyses proved 
that adhesion values depend on the 
roughness of wood surfaces over 
which the coatings are formed. When 
roughness of surface decreased, the 
cohesion of coatings also decreased, 
respectively. For example, series with 
index Pu 40 with roughness values 
5.63 μm had adhesion 6.37±0.21 

Table 3. Adhesion of coats on the timber of 11-years old Ailanthus tree.

Symbols: Pu – two-component polyurethane varnishes (Pu-683/50+B-640); AqA – 
Acrylic water dilute varnishes “Aquis”; R – planed down surface; 40 – surface, polished with 
sandpaper No 40; 80 – surface, polished with sandpaper No 80; 150 – surface, polished 
with sandpaper No 150; Mdc – weight of dry coat; δ –thickness of the dry coat; Ra – rough-
ness of wood; WC – destruction between wood and coating; CM – destruction between the 
coating ant the metal punch.

Variation indexes in N.mm-2 Destruction,% 

Index 
Ra 

µm 

Mdc 

g.m-2
 

 

µm 
n 

Aver St.D. Error V, 
% 

p, 
% WC CM 

Pu R 4.56 171 125 30 4.64 1.11 0.20 24 4.3 100 – 

Pu 40 5.63 154 120 30 6.37 1.15 0.21 18 3.3 90 10 

Pu 80 4.15 178 130 30 4.35 1.05 0.19 24 4.4 95 5 

Pu 150 3.43 196 140 30 3.84 0.83 0.15 22 3.9 100 - 

AqA R 4.35 268 210 30 8.76 2.20 0.40 22 4.1 75 25 

AqA 40 5.75 266 210 30 9.75 2.06 0.38 19 3.5 95 5 

AqA 80 4.05 283 215 30 8.32 2.18 0.39 18 4.7 100 – 

AqA 
150 

3.25 267 215 30 4.37 1.12 0.20 25 4.6 90 10 
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N.mm-2 and series with index Pu 150 
with roughness values 3.43 μm had ad-
hesion 3.84 N.mm-2. Similar tendency 
was observed with coatings formed 
with acrylic varnish, but these coatings 
had higher adhesion towards Ailanthus 
wood. For example, series with index 
AqA 40 with roughness values 5.75 
μm had adhesion 9.75±0.38 N.mm-2 

and series with index AqA 150 with 
roughness values 3.25 μm had adhe-
sion 4.37 N.mm-2.

Conclusions

As a conclusion we can state that 
Ailanthus altissima is a fast growing 
species with high quality wood. The 
wood of trees grown under control-
led conditions had very good physi-
cal and mechanical properties, some 
of which were comparable to the very 
expensive walnut wood. Therefore it 
can be used for manufacturing arti-
cles with different functions, includ-
ing furniture. Based on our results we 
can recommend further studies direc-
trd to establishment of experimental 
plantations in different growing condi-
tions (climate and soils) and the pos-
sible uses of wood. They will confirm 
whether Ailanthus altissima can be 
successfully used as a fast growing 
species for quick production of valua-
ble or energy source wood in Bulgaria. 
Yet, strict control in the plantation lo-
cations should be applied in order not 
to contaminate environmentally impor-
tant protection areas, in which the in-
vasive character of Ailanthus altissima 
may be a major threat.

Acknowledgements

This study was carried out within the 
framework of contract No 44/13.04.2009 
with Scientific Research Department of 
University of Forestry – Sofia, Bulgaria.

References

Alden H.A. 1995. Hardwood of North 
America (pdf document), 12 p. Ailanthus 
altissima – General Technical Report FPL-
GTR-83 United States Department of 
Agriculture, Forest Service, Forest Products 
Laboratory, Madison, Wisconsin, USA, 136 
p. Available: www.cnr.vt.edu/DENDRO/
dendrology/woodgrain.cfm

Enchev Е. 1975. Wood science. Zemizdat-
Sofia 1975, 360 p. (in Bulgarian).

Hoshovsky M.C. 1988. Global Invasive 
Species Team. The Nature Conservancy 
– Ailanthus altissima (Mill.) aswingle (A. 
glandulosa Desf – Family Simaroubaceae) – 
Common Names-Tree of heaven, Ailanthus. 
Available: http://wiki.bugwood.org.

Hu Shiu-ying 1979. Ailanthus altissima. 
Arnoldia 39 (2): 29–50.

Kowarik I., Saumel I. 2007. Biological 
flora of Central Europe: Ailanthus altissima 
(Mill.) Swingle. Perspectives in Plant Ecology, 
Evolution and Systematics 8: 207–237.

Lawrence J.G., Colwell A., Sexton O. 
1991. The Ecological Impact of Allelopathy 
in Ailanthus altissima (Simaroubaceae). 
American Journal of Botany 78 (7): 948–
958.

Moslemi A.A., Bhagwat S.G. 1970. 
Physical and mechanical properties of the 
wood of tree-of-heaven. Wood and Fiber. 1 
(4): 319–323.

Swearingen J.M., Pannill P.D. 2009. Fact 
Sheet: Tree-of-heaven. Plant Conservation 
Alliance’s Alien Plant Working Group. 
Retrieved 2010-02-07.



FORESTRY  IDEAS, 2011, vol. 17, No 2 (42)

INVESTIGATION OF DOUGLAS-FIR PROVENANCE TEST 
IN NORTH-WESTERN BULGARIA AT AGE 20

Krassimira Petkova

Department of Sylviculture, Faculty of Forestry. University of Forestry. 
10 Kliment Ohridski Blvd. 1756 Sofia. Bulgaria. E-mail: kpet@abv.bg

UDC 630.232						      Received: 05 October 2010 
Accepted: 21 November 2011

Abstract
The aim of the study wais to make a comparative analysis of the growth rate of 54 

Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) provenances. The provenance test was 
established in the spring of 1990 with 3-year-old (3+0) seedlings planted in a 2x2 m plot 
design and two replications. The provenances originated from the North America and were 
separated into Coastal, Continental and Western Cascade groups. Аt age 20 growth rate 
was studied in terms of height and diameter, and stem volume. Coastal provenances dem-
onstrated the best growth parameters, followed by Western Cascade Mountains and conti-
nental provenances. The provenances showing fastest growth provenances were Bremerton, 
of the coastal group, and Darrington, Newhalem and Idanha of the Western Cascade group. 
These provenances possessed also high resistance to fungal pathogens. Ten continental 
provenances had the lowest growth rate and productivity and were highly susceptible to 
the fungal pathogens Rhabdocline pseudotsugae and Phaeocryptopus gaumannii. Darrington 
from the Western Cascades in Washington is the recommended provenance for future af-
forestations with Douglas-fir in Bulgaria.

Key words: adaptation, disease susceptibility, seed sources, tree growth, provenances, Pseudotsuga 
menziesii.

Introduction

Douglas-fir was introduced in Europe in 
1827 when the Scottish botanist David 
Douglas imported seeds of this tree spe-
cies into England and Scotland. A cen-
tury later Douglas-fir had already been 
introduced in almost all European coun-
tries. The rapid growth and wood qual-
ity of Douglas-fir attracted the attention 
of many researchers. The majority of 
studies focused on its growth and pro-
ductivity and the role of soil and climatic 

conditions (Tyler et al. 1995, Dundari et 
al. 2002, Feliksik and Wilczynski 2004). 
The choice of appropriate provenances 
quickly became the main research goal 
of many European studies (Veen 1951, 
Ruetz 1981, Ruetz and Foerst 1984, 
Ruetz 1989, Ballian et al. 2002, Zas 
et al. 2003, Govedar et al. 2003, Perić 
et al. 2009). Superior growth of the 
coastal provenances and these from the 
western side of the Cascade Mountains 
in the states of Washington and Oregon 
have been reported in most studies 
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(Lally and Thompson 1998, Schultze 
and Raschka 2002, Rau 2005).

Douglas-fir was introduced in Bul-
garia a century ago, but it became 
widespread only in the late 1950s and 
during the 1960s. Nowadays, plan-
tations of this species occupy about 
6714 hа. In many plantations, the spe-
cies has demonstrated good adaptabili-
ty (Petkova 1989, Popov 1991, Grozev 
et al. 1995). However, in some planta-
tions diseases have been found caused 
by the fungi Rhabdocline pseudotsugae 
Syd (Rosnev 1978, Rosnev 1983a), 
Phomopsis pseudotsugae Wils (Rosnev 
1983b) or Phaeocryptopus gaumannii 
(T. Rohde) Petr. (Rosnev and Petkov 
1986, Rosnev 1987). Most plantations 
are of unknown seed origin, which 
could be one of the main causes of 
the emerging problems. Twenty years 
ago provenance tests of 55 Douglas-
fir provenances were established in 
Bulgaria (Popov 1995, Petkova 1999, 
Popov and Petkova 2003), and these 
are a rich source of information on the 
various provenances‘ growth rate and 
ability to adapt to the natural condi-
tions in the country. Earlier measure-
ments of these plantations (at age 8 
and 16) have indicated that the coastal 
provenances and the provenances from 
the Western Cascade Mountains of the 
states of Washington and Oregon have 
the best growth rate (Popov 1995, 
Popov 2001, Petkova 2004). The dis-
eases found on part of these planta-
tions caused by the fungi Rhabdocline 
pseudotsugae Syd. and Phaeocrypto-
pus gaumannii (T. Rohde) Petr. (Geor-
gieva and Rosnev 2008, Georgieva 
2009) will contribute to the selection 
of the most tolerant and adaptive prov-
enances for future afforestations with 

this valuable tree species in Bulgaria. 
Additional information on the use of 
Douglas-fir will be obtained from the 
new provenance tests established in 
2006 with seeds from highly produc-
tive stands in Germany, Bulgaria and 
the USA (Petkova et al. 2008).

The aim of this study was to ana-
lyze the growth rate of 54 Douglas-fir 
(Pseudotsuga menziesii (Mirb.) Franco) 
provenances at age 20.

Material and Methods

The Douglas-fir provenance test is lo-
cated on the lower northern slopes of 
the Western Balkan Mountain and is 
one of 4 field trials established with 
the aim of studying the adaptability 
of this species to different climates 
of Bulgaria. The trial was established 
on flat terrain facing East, at an alti-
tude of 600  m, latitude of 43°14‘ N 
and longitude of 23°09‘E. The soil is 
Orthic luvisol (FAO), mixed sandy and 
clay, slightly stony, and very deep. The 
habitat is medium rich to rich. The cli-
mate in the region is temperate with an 
average annual temperature of 10.2°C 
and annual precipitation of 1004 mm. 
The duration of the vegetation period 
is about 6 to 6.5 months.

The provenance test was established 
in the spring of 1990 with 3-year-old 
seedlings (3+0), which were planted in 
a 2x2 m plot design in two replications. 
Forty to forty-eight seedlings were 
planted on each plot. The experimental 
area was prepared by ploughing and the 
Douglas-fir seedlings were planted with 
an earth auger. Due to unfavourable en-
vironmental conditions in the northern 
part of the provenance test (waterlog-
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ging and swamping) some of the indi-
viduals in the second replication died, 
leaving just 23 provenances in the ex-
periment.

The 54 provenances studied originate 
from natural stands of Douglas-fir in North 
America (Fig. 1), and were classified into 
three groups: continental (26), Western 
Cascade Mountain (22) and coastal (6) 
provenances. The continental group in-
cludes 21 Oregon provenances, 3 Wash-
ington provenances, 1 Montana prov-
enance and 1 New Mexico provenance.

The following indices were deter-
mined when the trees reached the age 
of 20: average diameter at breast height 
(DBH), average height and stem volume. 
The average diameter (DBH) for each 
provenance and replication was deter-
mined after measuring the diameters of 
all trees on the plot. It was calculated 
according to the Formula 1:

 
πN

4G
D = [cm], 		  (1)

where: G = Σni.gi [m2] is the total 
basal area of the trees in the prove-
nance, ni is the number of trees in the 
respective diameter class, gi [m

2] is the 
basal area in the respective diameter 
class, N is the number of trees in the 
provenance.

The average height (H) of each prov-
enance was calculated as the arithmetic 
mean of the heights of 15–25 individual 
trees, distributed into diameter classes.

The stem volume was calculated ac-
cording to the Formula 2:

V = G.HF [m3],  		   (2)
where: G [m2] is the total basal area 

of trees in the provenance; HF is the 
height form factor for Abies alba Mill., 
as presented in table 3 (Poryazov et al. 
2004).

Statistical parameters (arithmetic 
mean, standard deviation and standard 
error) were assessed for the analyzed 
height and diameter at breast height 
per provenance. The differences among 
provenances were tested by analysis 
of variance (ANOVA). Since a lot of in-
dividuals in the second replication had 
been lost due to unfavorable environ-
mental conditions, the design of the 
experiment did not allow testing a full 
factorial model. Instead, two analyses 
of variance were done on the height. In 
the case where the provenances were 
represented by two replications (23 
provenances), the analysis considered 
the effects of groups, replications and 
provenances, and in the other case, the 
analysis considered only the effects of 
groups and provenances (54 provenanc-
es). This inconvenience did not affect 
testing the effect of the main factors, 
but rather the interactions among them.

The model for ANOVA (Formula 3) 
was:

Yijkl=μ+Gi+Pj+Rk+eijkl ,	           (3)
where: Yijkl is the value of the l-th in-

dividual of the j-th provenance of the i-th 
group measured in the k-th replication; μ 
is the overall mean; Gi is the effect of 
the i-th group (i = 1, 2, 3); Pj is the ef-
fect of j-th provenance (j = 1, 2, …, 54); 
Rk is the fixed effect of the k-th replica-
tion (k = 1.2); eijkl is residual error.

To assess the health status of trees 
of the individual provenances (Geor-
gieva 2009) the degree of crown defo-
liation was determined according to the 
European methods for environmental 
monitoring of forest ecosystems (Eich-
horn et al. 2007). Phytopathological 
surveys were carried out to identify the 
fungal diseases Rhabdocline pseudot-
sugae and Phaeocryptopus gaumannii. 
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For each provenance, the coefficient of 
susceptibility to these pathogens was 

determined according of Chumakov`s 
formula No 4 (1974):

1

2

3

45
6-8
9

1011
12

13

14, 16-20
24-31

34

52-53 51 49
50

4748
44-46 40-43

32, 33
39 21-23

35-37

54

55

Fig. 1. Geographical location of Douglas-fir provenances (Georgieva 2009).
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N
)xPQ(

K nn∑= , 		  (4)

where: К is the coefficient of suscep-
tibility; Qn is the degree of crown defo-
liation (from 0 to 4); Pn is the number 
of trees by respective degree; N is the 
total number of the investigated trees.

Depending on the value of the coef-
ficient of susceptibility (K), provenances 
were categorized as:

– resistant – with coefficient of sus-
ceptibility from 0 to 1;

– less susceptible – with coefficient 
of susceptibility from 1 to 2;

– medium susceptible – with coef-
ficient of susceptibility from 2 to 3;

– very susceptible – with coefficient 
of susceptibility from 3 to 4.

Results and Discussion

The overall mean height at age 20 was 
10.4  m, ranging from 4.7 to 13.3  m 
depending on the provenance. Coastal 

provenances had reached the greatest 
height, followed by Western Cascade 
and continental provenances. Western 
Cascade provenance 7 (Darrington) 
and coastal provenances 10 and 11 
(Bremerton) (Fig. 2) demonstrated par-
ticularly rapid height growth. These 
provenances were also found to be the 
most rapidly growing in previous studies 
of the same provenance test (Iliev and 
Petkova 1995, Petkova 1999, Petkova 
2004).

The slowest height growth was 
registered in the case of 10 continen-
tal provenances: 1  (Greenwood) and 
2  (Keremeos), Washington, 3  (White-
fish), Montana, 21, 22, 23 (Bates), 35, 
36, 37  (Canyon City), Eastern Oregon 
and 55 (Alamogordo), New Mexico. 
These provenances were evaluated as 
very susceptible to fungal pathogens 
Rhabdocline pseudotsugae and Phae-
ocryptopus gaeumanii, causing needle 
cast (Georgieva 2009). Diseases were 
detected on trees at age 17 and were 
observed until the trees reached age 20. 

Fig. 2. Averrage height of 20-year-old Douglas-fir provenances planted at 1990 in Bulgaria.
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Over the four years of observation, a 
decline was witnessed in the health sta-
tus of this provenance group as the co-
efficient of susceptibility increased from 
2.0 to 2.9. The main reason for the poor 
health status of these provenances was 
the combined development of the two 
fungi, Rhabdocline pseudotsugae and 
Phaeocryptopus gaeumanii. Most other 
provenances were attacked to a varying 
extent by Phaeocryptopus gaeumanii 
only (Georgieva 2009).

Results from studies of other prov-
enance tests in Bulgaria using the same 
provenances (Popov 1995, Popov 
2001) showed that the Washington 
coastal provenances (Bremerton and 
Moclips) and some of the Washington 
and Oregon Western Cascade prov-

enances (Newhalem, Darrington, Mon-
roe, Idanha, Oakridge) kept the best 
growth rate. These provenances were 
also characterized by very good growth 
in the provenance test subject to this 
investigation (Fig.  2), and in addition, 
they demonstrated very good resist-
ance. The coefficient of susceptibil-
ity of provenances 7  (Darrington) and 
43  (Oakridge) for the whole four-year 
observation period was 0.0. The other 
provenances were less affected by Ph. 
gaeumanii and were therefore catego-
rized as less susceptible, with K=0.2–
1.6 (Georgieva 2009).

In testing the differences in height 
among provenance groups, when only 
23 provenances were considered (the 
provenances being presented in 2 rep-

lications), the group 
effect proved not sta-
tistically significant 
(p=0.078), how-
ever, it was statisti-
cally significant when 
all 54 provenances 
were included in the 
analysis (p=0.004). 
The provenance ef-
fect was highly sig-
nificant in both cases 
(p<0.001). Replica-
tion effects were not 
significant (Table 1).

The average di-
ameter of the prov-
enance test at age 20 
was 11.8 cm. With 
respect to this index, 
the highest values 
were again recorded 
on coastal provenanc-
es, followed by West-
ern Cascade and con-

Table 1. ANOVA for the height.

Source of 
variation DF Mean 

squares F-ratio P-value 

I. Number of provenances = 23 

Group effect 

Group 2 175.8 11.805 0.078 

Replication 1 6.15 0.495 0.545 

Provenance effect       

Provenance 23 72.224 23.166 <0.001 

Replication 1 0.151 0.05 0.825 

II. Number of provenances = 54 

Group effect       

Group 2 345.057 266.752 0.004 

Replication 1 24.254 11.478 0.008 

Provenance effect       

Provenance 53 78.136 20.529 <0.001 

Replication 1 0.085 0.029 0.866 
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tinental provenances. The 
biggest average diameter 
was measured on Western 
Cascade provenance 7 (Dar-
rington), 14.3  cm, and the 
smallest one, on continen-
tal provenance  37 (Canyon 
City), 4.7  cm. Testing the 
group, provenance and rep-
lication effect on diameter 
growth proved all effects as 
statistically significant (Ta-
ble 2).

For the entire provenance 
test, the average value of stem volume 
was 138.4  m3.ha‑1. The highest stem 
volume was calculated for provenance 
15 (Parkdale) – 223.2 m3.ha-1 and the 
lowest, for provenance 37 (Canyon 
City), only 4.5  m3.ha-1. The following 
provenances deserve particular atten-
tion, too: 5 (Newhalem), 6 and 7 (Dar-
rington), 24 and 30 (Idanha) of the 
Western Cascade group and coastal 
provenances 10 and 11 (Bremerton). 
Their stem volume exceeded 200  m3.
ha-1, which confirms the great potential 
and viability of these Douglas-fir prove-
nances. The Darrington provenance has 
been reported as high-performing in the 
region of Sarajevo (Bosnia and Herze-
govina) with a stem volume of 235 m3.
ha-1 at age 37 (Ballian et al. 1999). In 
the Western Balkan Mountain, this prov-
enance manifested better its growth po-
tential since as early as age 20 its stem 
volume was 211 m3.ha‑1, which is com-
parable to the volume achieved by the 
same provenance at almost double that 
age in Bosnia and Herzegovina. Along 
with its high performance, the Dar-
rington provenance in the provenance 
test in this study was characterized 
by the highest resistance to the fungal 

pathogens Rhabdocline pseudotsugae, 
and Phaeocryptopus gaeumanii, as its 
coefficient of susceptibility for the en-
tire four-year observation period was 
K=0.0 (Georgieva 2009). In the West-
ern Balkan this provenance manifested 
itself in full growth potential, since at 
the age 20 its stem volume was 211 
m3.ha-1, which is two times greater com-
parable to the same provenance at two 
times greater age in Bosnia and Herze-
govina. Along with its high performance 
the provenance Darrington was char-
acterized by the highest resistance to 
fungal pathogens Rhabdocline pseudot-
sugae and Phaeocryptopus gaeumanii, 
proven by the coefficient of susceptibil-
ity for the entire four-year observation 
period K=0.0 (Georgieva 2009).

The Darrington provenance was de-
fined as very well growing by Günzl 
(1984), based on measurements and 
observations in multiple provenance 
tests in Austria. According to Rau 
(2005) Douglas-fir provenances of the 
Western Cascade were also charac-
terised as particularly fast-growing in 
Hesse (Germany). Based on studies of 
7 experimental Douglas-fir plantations 
in Germany, Kleinschmit et al. (1979) 
reported that Washington coastal prov-

Source of 
variation DF 

Mean 
squares F-ratio P-value 

Group effect    

Group 2 470.8 37.663 <0.001 

Replication 1 996.2 79.45 <0.001 

Provenance effect    

Provenance 53 181.9 7.11 <0.001 

Replication 1 747.4 34.95 <0.001 

 

Table 2. ANOVA for diameter.
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enances were the best according to a 
number of indicators.

Conclusions

1. The best growth parameters 
(height, diameter and stem volume) 
were found in the group of coastal prov-
enances, followed by the Western Cas-
cade group and the continental group.

2. The most rapidly growing prov-
enances were the Washington coastal 
provenances (Bremerton), and the Dar-
rington, Newhalem and Idanha prov-
enances of the Western Cascades in 
Washington and Oregon. These prov-
enances were characterized by high re-
sistance to the fungal pathogens Rhab-
docline pseudotsugae and Phaeocrypto-
pus gaeumanii. For future afforestations 
with Douglas-fir in Bulgaria, Darrington 
provenances can be recommended as 
they combine rapid growth and high 
productivity with resistance to the fun-
gal diseases.

3. The test revealed statistically sig-
nificant effects of groups, provenances 
and replications with regard to growth 
in diameter and statistically significant 
differences between groups and prov-
enances for growth in height.

4. The slowest growth and the low-
est productivity were found in the conti-
nental provenances 1 (Greenwood) and 
2 (Keremeos) of Washington, 3 (White-
fish)  of Montana, 21, 22, 23  (Bates), 
35, 36, 37  (Canyon City) of eastern 
Oregon and 55  (Alamogordo) of New 
Mexico, which also proved very suscep-
tible to Rhabdocline pseudotsugae and 
Phaeocryptopus gaeumanii and should 
be excluded from future afforestations 
with Douglas-fir in Bulgaria.
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Abstract
The main concern of a forester is to be able to collect and maintain accurate and detailed 

data in order to cope successfully with current needs but also to anticipate future situations. 
Generally speaking, the Cadastre is a tool for planning, rationalization and development of 
the country and environmental protection. The development of mountain areas consists of 
the development of anthropogenic influences, which – like every form of economic devel-
opment – is usually accompanied by negative environmental impacts. Thus it is necessary 
to define the criteria considering Environmental Impact Assessment (EIA). The aim of this 
paper is to investigate and to clearly demonstrate the contribution of forest cadastre and 
EIA in Forest Management Planning. Forest cadastre, which is a special cadastre, should 
be in line with the technical specifications of the National one. The total cost is not just 
techno-economic, but also environmental, all of which constitutes the cost of the work. We 
must develop practical and objective methods in order to assess the environmental impacts 
in alternative solutions in order to determine the location that makes the work compatible 
with the natural environment. There can be no development and rational management of the 
forest without a forest cadastre. On the other hand, however, most of the country’s forests 
are degraded and of low productivity and most of them play a protective role. So the EIA is 
essential for the planning of any work.

Key words: compatible construction, Environmental Impact Assessments, Forest cadastre, Forest 
Technical Works, rational management.

Introduction

Forest ecosystem produces many goods 
and services without the intervention 
of human management. But ever since 
human began to administrate forests 
intensively, the relationship between 
goods and production has changed. 

The current on forests and forest land 
has a direct impact on the system of 
human society which will increase fur-
ther in coming years. Indeed, the effort 
to regenerate  and create forests today 
(artificial or natural) will bear fruit after 
60–70 years when the climatic condi-
tions will have deteriorated. Concern 
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of the forester is to be able to collect 
and maintain accurate and detailed data 
and information in order to enable him 
to cope successfully with current needs 
but also anticipate future situations.

In order to design a specific forest 
policy and one rational development 
planning and a successful decision 
making; an accurate knowledge of the 
real condition of forests in our country 
and the consequences of any attempt 
to use them is considered to be neces-
sary.

In general, the Cadastre is a tool for 
planning, rationalization and develop-
ment of the country and for the protec-
tion of the environment. Regarding the 
zoning planning, it is a strategic tool for 
sustainable development, with respect 
to the environment.

The development of mountain areas 
is related with anthropogenic influenc-
es, like any form of economic develop-
ment, and is usually followed by nega-
tive environmental impacts. The peculi-
arity lies in the fact that this anthropo-
genic action often degrades the natural 
and constructed environment, which 
is also a raw material for its develop-
ment. Thus it is necessary to define the 
general principles of zoning planning in 
mountain areas and the criteria govern-
ing Environmental Impact Assessments 
(EIA).

Environmental Impact Assessment 
is a thorough and documented scien-
tific work and research aiming to assess 
the effects of certain public and private 
projects on the environment, in order to 
obtain a balanced development of na-
tional space which will become an easy 
and effective effort to prevent pollution 
and environmental degradation by eval-
uating the direct and indirect impacts 

of projects and activities (Source: N. 
1650/1986).

The vast majority of onshore natu-
ral environment of Greece is forests 
and woodlands. The most effective tool 
available today to enhance the defini-
tion and future management of these 
areas are the forest maps.

On these maps:
- The boundaries of forests and for-

est areas in general of every region are 
accurately surveyed.

- The grass and other areas not cov-
ered by forest law are surveyed.

-The boundaries of all other areas 
which are currently used for other pur-
poses (agricultural land, settlements, 
etc.) are surveyed.

These maps are approved by the 
proper public services, and when ap-
proved, it gets posted, so that every 
citizen can make any objections to any 
patch of land has any different view.

Once finalized their form, these are 
official public documents, available both 
to citizens as well as to anyone else 
might be interested. The “Forest Cadas-
tre” established by the Law 248/1976.

The effort failed in the process, for 
three main reasons:

1. The crews did not have the means 
or the know-how which are currently 
available (no orthophotomaps, appropri-
ate hardware and software, etc.).

2. The design that was made did 
not allow the rapid development of the 
project (those crews did in fact cadas-
tre, which elaborated the same time and 
the titles of property owners who have 
parcels within or on the edges of forests 
lands).

3. The maps would be held by civil 
servants, a situation which leads to de-
lays and cutbacks in recruitment, spe-
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cific working hours, constant changes 
of Heads, Directors, Ministers, etc.

The last major effort which was 
made in our country concerning the 
preparation of forest maps is under the 
studies of the National Cadastre.

In this context it is indicated that 
apart from the purely cadastral infor-
mation in open cadastre, it can be reg-
istered at any time in the future along 
with additional information as a tool to 
pursue particular objectives of rationali-
zation and development of the country.

The success of an integrated cadas-
tral system depends on the successful 
meeting of the objectives of forest land 
protection, forest environment and on 
how much it would provide secure in-
formation useful in all areas of forestry 
activities and for the rational develop-
ment of forestry policy.

The implementation of these require 
the establishment of cadastral offices, 
which will be accommodated by the or-
ganization, collection and processing of 
information by creating data bank and 
land information system.

The term bank means the gathering, 
in an organized way, of all technical, 
legal and economic (forestry) data for 
each cadastral unit.

Land Information System (LIS) is 
a unified geodetic reference system 
consisting of the collection, updating, 
processing, distribution and integration 
of data among themselves and with 
other systems that contain land data 
(e.g. Environmental), so that is a deci-
sion support tool, both for legal, admin-
istrative and financial issues, and design 
and development that the bank is part 
of the system.

A G.I.S. (Geographical Information 
System) is an integrated system of col-

lection, storage, management, analysis 
and performance information relating to 
events taking place in geographical space.

The management of cadastral in-
formation, and related topics, such as 
inventory, mapping and forest manage-
ment with the current state of technol-
ogy of computers are relatively easy to 
place. The digital topographic charts 
and tables represent the digital file, 
which should follow the standards of 
digital data transfer in a Geographic In-
formation System (GIS). The file gener-
ated by digitizing with certain standards 
of accuracy and resolution and proved 
to be accurate by putting the produced 
to the original map.

The D.T.M. and GIS have a wide 
range of applications in forestry opera-
tion with main representative the cadas-
tre as well as environmental impact as-
sessments (EIA), etc.

The aim of this paper is to investigate 
and to clearly demonstrate the contribu-
tion of forest cadastre and EIA in Forest 
Management Planning.

Material and Methods

Regarding the creation of forest maps 
of a region

a. Usage and interpretation of the 
available aerial photographs (starting 
from 1945 aerial photographs, which 
are the oldest available aerial photo-
graphs covering almost the entire coun-
try and recent aerial photographs (A/P) 
according to the requirements of Na-
tional Cadastre and comparison of those 
with the past ones in order to find dif-
ferences in borderlines).

b. Extensive earthly inspections on 
the spot are taken place in order to in-
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vestigate on the ground, the results of 
the interpretation.

c. Take into account and survey all 
final administrative acts issued by pub-
lic services and identify particular plots 
of land (e.g. land declared to be reaffor-
ested, forest lands allocated for agricul-
tural use, etc.) and finally.

d. With the help of Geographic In-
formation Systems (GIS) process all 
this information and create the cor-
responding maps (in both printed and 
digital form), and also create the cor-
responding databases. All these are 
now assigned to each parcel of land 
that is characterized by the parameters 
(for example, traditionally forest lands, 
traditionally agricultural areas, land 
that was in the past forests and then 
changed use, etc.).

Finally, it should be pointed out that 
once the forest maps of an area are 
drawn up, at the same time the best and 
most modern topographic base that can 
be available to a scientist is available 
for this area (Digital Terrain Model and 
orthophotomaps-scale 1:5000) (Figure 
1) in order to manage these specific ar-
eas (to organize the fire protection, to 
design in space and time the individual 
contributions, etc.).

Therefore, the old and the current 
dispute could have wide swath of forest 
land up to 30 meters. Next step is to 
quest for ways to reconcile the results 
of the previous and current situation 
and focus on the most recent border-
lines whose application to land is more 
accurate, easier and “causes fewer re-
actions”. Even for the boundaries align-
ment which in bushy vegetation reach-
es five meters at the expense of forest 
land.

Regarding EIA

Steps in the Environmental Impact 
Assessment are:

- Analysis of the environmental ef-
fects of the opening.

- Analysis of the criteria affecting the 
design and construction of individual 
forest road.

- Analysis of the criteria for impacts 
of road construction absorption.

- Evaluation of the criteria using ter-
rain measurements data, photogram-
metry and photointerpretation assess-
ments and GIS.

- Grading the criteria with objective 
score, namely any factor that affects 
the impact of highly rated (100) when it 
does not affect at all.

- Assessment from a number of alter-
natives that has the highest percentage 
score and met the compatibility coeffi-
cient of work with the environment.

For the achievement of the research 
goals we used:

Digital orthophotomap of the re-
search area and the respective digital 
terrain model (DTM) that resulted from 
the photogrammetric process of a pair 
of aerial photographs in a digital photo-
grammetric station were used. So the 
digitization of the land uses and the 
forest road network make possible and 
finally the inference reliable measure-
ments regarding to the accurate esti-
mate of the area for each land use and 
the length of the existing forest road 
network (Drosos et al. 2006).

The last management plan of the for-
est from which we utilized factors such as 
harvesting, management form, the already 
existing forest species, tree age etc.

The method, which would be applied, 
should be practical, effective and easy to 
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use. For this reason we have set a number 
of absorbency and intensity criteria.

The grading of these criteria depends 
on the following principle:

We accepted a situation as ideal 
(=100%) for the forest protection by 
road construction. The percentage of 
deviation from this ideal situation will be 
subtracted from 100%. The result will 
be the grading of the criteria.

In order to define the intensity of the 
human impact of the existing forest open-

ing-up works and the exploit of the for-
est to the natural environment, we used 
respective criteria (Buwal 1990, Mader 
1990, Heinimann 1994, Doukas 2004). 
At the same time, the absorbency and 
intensity criteria and their weights came 
from a questionnaire sent to specialist sci-
entists (Giannoulas 2001). More specifi-
cally, the intensity criteria were used are 
shown in Table 1.

The next parameter studied was the 
capacity of the forest ecosystem to ab-

Fig. 1. Digital Orthophotomap of Toroni in Chalcidice Prefecture.
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INTENSITY 
 Criteria Grad, % Weights Sum 

1 Road density    
1.1 Skidding with draught or load animals  3  

1.2 Skidding with mechanical means or combination from 
animals and mechanical means  3  

2 Percentage of tractors use in opening up  2  
3 Percentage of opening up  3  
4 Skidding direction  1  
5 Traffic frequency and motor vehicle types    

5.1 Exceeding percentage of traffic frequency  2  
5.2 Exceeding percentage due overloading  2  

6 Forest roads’ categories  2  
7 Position of roads    

7.1 Distance of water flows  3  
7.2 Distance of forest boundaries  3  
7.3 Problematic (unstable) soils  3  

 Total    
 Average value CI= ∑(I×WI) × (∑WI)-1  

ABSORBENCY 
 Terrain conditions    
 Forestry criteria    

1 Kind of coverage  3  
2 Forestry species  3  
3 Management form  3  
4 Age  3  
5 Tree height  3  
6 Productivity  3  
 Topographical criteria    

7 Slope of ground  2  
8 Exposition  2  
9 Relief  2  
 Social criteria    

10 Distance from    
10.1 Tourist recreation area  1  
10.2 National road network  1  
10.3 Railway  1  
10.4 Archaeological site  1  
10.5 Adjacent big city  1  
10.6 Adjacent village  1  
10.7 European path  1  
10.8 Natural or artificial lake or river  1  

 Total    
 Average value CΑ= ∑(Α×WΑ) × (∑WΑ)-1  

Table 1. Criteria of intensity and absorbency.
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sorb the impact of the works. By ab-
sorbency, we mean the extent to which 
the effect will be absorbed by the eco-
system with time, as well as the number 
of the recipients of the effect.

The absorbency criteria are divided 
into 3 categories: 1st forestry criteria, 
2nd topographic criteria and 3rd social 
criteria. The weights of the criteria are: 
three (3) for the forestry criteria, two 
(2) for the topographical criteria and one 
(1) for the social criteria (Table 1).

The final grading of intensity (I) for 
each criterion is provided by the prod-
uct of each criterion value multiplied by 
its weight coefficient in order to find 
the barycentric mean. Similarly, the ab-
sorbency (A) of the forest ecosystem is 
calculated by each criterion value mul-
tiplied by the respective weight coeffi-
cient with a view to find the barycentric 
mean.

The value (%) that estimates the 
impact of intensity (I), which is not 
negative, is multiplied by the respective 
weight coefficient (WI) and is divided by 
the sum of the weight coefficient values 
so as to extract the barycentric mean:

CI=∑(I×WI)×(∑WI)
-1     	  (1),

where ∑(I × WI) and ∑WI are the sum 
of the estimate impact of intensity mul-
tiplied with the respective weight coef-
ficient (WI) and the sum of the weight 
coefficient values, respectively, for ma-
trix as size %.

Likewise, the absorption (A) of the 
forest ecosystem is multiplied by re-
spective weight coefficient (WΑ) and is 
divided by the sum of the weight coef-
ficient values with a view to extract the 
barycentric mean:

CΑ=∑(Α×WΑ)×(∑WΑ)
-1       	  (2),

where ∑(I × WA) and ∑WA are the 
sum of the absorption’s estimate mul-

tiplied with the respective weight coef-
ficient (WA) and the sum of the weight 
coefficient values, respectively, for ma-
trix as size %.

The rates CI and CΑ represent the 
indexes concerning the compatibility 
degree of the forest opening-up works 
with the natural environment.

Results and Discussion

1. Analogical forest maps should 
be gradually replaced by digital. In the 
meantime, however, the training of per-
sonnel in the forest service on the crea-
tion of a digital silvicultural map that will 
come from the digitization of the exist-
ing silvicultural map would be appropri-
ate. Also, we should bring on the cadas-
tral boundaries from photogrammetric 
process and field inspections, to make 
better use from employees and citizens 
that have become accustomed to the 
use of traditional silvicultural map.

2. The cadastral data held on Ca-
dastral offices are not only technically 
and legally, but also additional informa-
tion as a tool to pursue particular ob-
jectives and organizational development 
of the country. Particularly for forests 
and woodland forest maps, these are 
themselves a centralized information 
material of the forest ecosystem. The 
rational management, the readjustment, 
the protection of these data in the con-
text of a multidimensional cadastre as 
intended to be the “National Digital Ca-
dastre” is a forestry subject. The sheer 
volume of valuable data and information 
gathered from the forest service for all 
areas of the country under forest cadas-
tre can be better and more effective if 
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added to the proprietary data bases of 
cadastral offices.

3. The national spatial planning of 
land uses, assumes that given the na-
ture of the lands in this country, and 
based on this character designed and 
adopted for future use. For this reason, 
one of the most valuable “tools” of the 
final boundary is and the forest maps.

4. Apart from their contribution to 
the national land use planning is an im-
portant contribution of the cadastre and 
in protecting the natural environment:

i. The forest maps are the only means 
available to the Greek government to 
map and protect its land assets.

Features mentioned that the only 
essential property statements made by 
Greek government in the studies to date 
cadastral survey were based on forest 
maps.

ii. The preparation of forest maps in 
a region practically means the end of all 
underground transactions and all the cor-
ruption that can exist today in the forest 
or non-identification of individual areas of 
this region. Everyone knows now (offi-
cially proclaimed) the nature of each area 
and it does not change and deteriorate 
with any kind of promise or interventions.

iii. The existence of forest maps in an 
area stopped most of the suffering, and 
the continued litigation in this matter, 
both citizens and all relevant services.

iv. Finally the forest maps are an 
explicit constitutional obligation of the 
state, both by the Constitution of 1975 
and the Constitutional Review of 2000. 
Nevertheless, we continue to be here 
for 34 years (since the passage of Law 
248 of 1976) the only EU country in 
which there is currently no forest cadas-
tre (Register, forest maps, borderline), 
for its entire territory.

In the era of revolution of knowl-
edge/technology, when knowledge rap-
idly is considered to be old and new one 
is created “in the blink of an eye”, the 
importance of the parameter “lifelong 
learning” in the effort to link research 
to production is obvious. An education 
with more theoretical training in many 
fields and more practice in technology, 
which enables foresters to be more 
flexible, efficient and competitive in the 
Greek market on close, is necessary. 
It is wrong to reduplicate uncritically 
standards which are effective in other 
countries.

A key consideration for any industry 
scientist is to survey and study the pa-
rameters affecting the link between re-
search and production activities in every 
country.

Specifically with regard to the for-
est engineer there are two items that 
require linking research to production, 
i.e. continuous education:

- Forest cadastre and
- Environmental impact assessment 

on Forest works, particularly in opening 
up and road construction.

Therefore, sufficient knowledge of 
technology is required, both on tech-
nical training, and subsequently at the 
Cadastral office in order to create land 
data bank.

Regarding the EIA, it should be noted 
that the writing out of EIA in accord-
ance with EU directive is mandatory in 
every assessment project, that chang-
ing land use. The total project cost is 
no longer just technical, economic and 
environmental, all of which constitutes 
the total cost of the project.

We therefore propose practical and 
objective methods for assessing the en-
vironmental impact of alternative solu-
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tions in order to determine the location 
that makes the project compatible with 
the natural environment.

The most important benefit, howev-
er, expected to result from the develop-
ment and dissemination of EIA, is the 
public awareness towards environmen-
tal problems. The process of approval 
of a study published causes of environ-
mental problems, and discussion about 
them. Dealing with environmental prob-
lems train a social class conscious, and 
ultimately leading to improved EIA why 
the authors should meet the criteria of 
informed consumers.

It is important, however, to stress 
that while the proper use of the con-
cept of EIA only benefits may have on 
the site, misuse can cause various prob-
lems. For example, the risk that EIA a 
bit of a pointless bureaucratic process 
is important. Still, there is a risk to use 
EIA by interests that want to thwart any 
development project. By far the opera-
tion of the institution has reported sev-
eral weaknesses, which are believed to 
be eliminated in the future.

The designer of environmental im-
pacts should be targeted, that ultimate-
ly provide protection to the natural envi-
ronment because the source – the basis 
for economic sustainable development, 
social improvement and prosperity.

Furthermore, it should be reassured 
that certain principles for the rational 
construction of Forest works will be 
maintained, but this will not damage 
the environment; on contrary, it will 
contribute to a sustainable management 
and development of forest areas.

Environmental protection should be-
gin on the basis of established princi-
ples of forestry and nature protection, 
the premeditation and continued in the 

design and construction and not for the 
first time after construction or during 
construction of a project.

The various criteria and the review 
procedure described above constitute a 
useful manual on forestry practice that 
tries to interpret the overall effect of an 
opening up network in the environment, 
so that the opening up can be conducted 
as friendly as possible to the environment.

Development has been the flag of 
every country in the world. But what 
development is meant? We meant the 
residential development or the qualita-
tive one or by the way the touristic de-
velopment or sustainable one?

In order to achieve the suitable de-
velopment necessary land planning use 
and forest cadastre (forest maps) is 
needed, meaning the essential founda-
tion for development and instrument 
of land policy exercise. The aim of the 
cadastre should be the encouragement 
with respect to the environment with 
the help of land use maps and zoning 
plan, in order not to cut the branch (For-
ests and woodlands, ecosystem) on 
which the development sits.
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Abstract
The rapid development of technology and the broad use of computers during the recent 

years have resulted in new emerging opportunities across all technical domains. Thus, there 
have been developed the ambitious Digital Terrain Models (DTMs) to exploit these opportuni-
ties and leverage their capabilities for the common good. The DTMs provide the basis for de-
veloping a wide range of applications related to earth sciences. To be more specific, the former 
in Geoinformatics enable the possibilities of modelling, analysis and performance measurement 
of spatial phenomena related to topography or other technical areas with similar spatial prop-
erties. The DTMs can be used in conjunction with the Geographic Information Systems (GIS) 
in order to create a system which could be able to provide analytical data and information 
over terrain properties. In this essay a combination of DTMs with Geographical Information 
Systems (GIS) is undertaken, in an effort to create a hybrid out of these technologies. The 
initial thinking was to create a digital database that could provide comprehensive information 
over the number of fires, land areas and living species and finally the reaction time of the for-
est office commissions for the entire Greek state. What is more, a secondary objective was 
to monitor the efficiency degree of land exploitation by using DTMs in a targeted area. To a 
further extent, the combination of DTMs’ information data such as vegetation, air temperature 
and wind direction, can contribute better in more efficient ways of forest fires prevention and 
suppression. In addition, the combination of the former along with the lands’ efficient exploita-
tion offers unlimited possibilities of spatial planning applications within the national digital ca-
dastre. Subsequently, there are in our disposability unlimited scheduling capabilities to reduce 
arbitrary structure, violation of forest and other public territories, and an urban and regional 
environmentally friendly planning. To sum up, the DTMs assist us in a better and more rational 
development, protection and enhancement of mountainous areas.

Key words: digital database, digital terrain model, forest fires.

Introduction

The concept of land exploitation by hu-
man is to meet his diverse needs such 
as nutrition, housing, relaxation, finan-

cial activities, and cultural, educational, 
religious and other purposes (Arvanitis 
2004). The existence of cadastral 
maps, cadastral records and mortgage 
consolidation is necessary for the syn-
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thesis of cadastre and especially for the 
inclusion of changes in land use of one 
area (Resnik and Bill 2003).

In general, digital terrain models are 
the mathematical approach to the natu-
ral terrain. Characteristic tools include 
the contour diagrams of elevation, but 
in a digital format suitable for comput-
ing processing. Initially the methodol-
ogy and the creation of 3D digital ter-
rain models were developed from Miller 
and Laflamme (1958). The necessity to 
import the obtained data of ground and 
topographical diagrams into GIS and 
CAD programs led us to the digital ter-
rain models which are widely used now-
adays (De-Cambray et al. 2007).

The technological progress and the 
increasing role of computers have cre-
ated new possibilities for harnessing the 
conventional-analogue model (i.e. dia-
grams and orthophotos) into the digital 
model. The digital model is defined as 
the automation in the identification of 
the original data, and the organization 
of the latter to form a database, which 
results in a set of known data with 
ground provision in a square grid (grid) 
or triangular irregular network.

Within the frame of Geoinformatics, 
DTMs enable surface modelling and per-
formance analysis of spatial phenomena 
related to topography or other areas with 
similar spatial characteristics. Modelling 
procedure and digital data processing of 
the earth’s natural surface can be seen 
as extensive components of GIS prod-
ucts that are independent from the plane 
data components without being relevant 
to the conventional processing functions 
(e.g. topology of polygons, networks or 
manipulation of normalized data).

It is worth mentioning that because 
the non-spatial data describe some 

characteristics of an object / compo-
nent, they are also known or referred 
to as descriptive data. The descriptive 
data may be non-spatial characteristics 
of a spatial object, such as name, classi-
fication, colour, and can be either quan-
titative or qualitative.

The “spatial address” of a property 
(x, y) can be identified easily, thus it is 
classified as spatial data and its posi-
tion remains unchanged. However, the 
owner of the property can change over 
the time and thus it is classified as de-
scriptive data. Through its operating 
structures and the variety of available 
GIS software capabilities, there is in 
our disposal an interactive relationship 
between spatial and descriptive data. 
It is an appropriate way to present the 
geographic objects in precise patterns. 
However, this is not the recommended 
way for data that is characterised by a 
continuous distribution in a surface.

In Greece, during the last 25 years, 
forest fires have increased in terms of 
conflagrant area volume. It is disap-
pointing that the overall burned ar-
eas increased on average three to five 
times more than in the last century. It 
is observed that careless operations and 
audacious activities (42.8%) are to be 
blamed for forest fires. The majority of 
these activities constitute of the burning 
of stubble after harvest period, the burn-
ing of dried tree branches and weeds in 
fields, orchards and gardens. It is worth 
mentioning that 20 years ago the burn-
ing of fields and weeds constituted only 
the 24% of these unfortunate events. 
This problem also exists to other coun-
tries as the act of burning stubble fields, 
etc. is also mentioned as a significant 
cause of fires in Spain and Great Brit-
ain. The factors that determine the risk 
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coefficients of fire are 
divided in two catego-
ries. Firstly, there are 
the permanent factors 
(i.e. climate, sun radia-
tion, natural hazards, 
topographic configu-
ration, type of forest 
combustible materials, 
and exposure to pre-
vailing wind). Second-
ly, we have the variable 
factors (i.e. climatic 
factors, barometric 
pressure, state of veg-
etation, fuel moisture, 
availability and ho-
mogeneity of burning 
material, initial prolif-
eration capacity, in-
flammable sources and 
other external factors). 
In Figure 1 there is a 
model of forest fires’ 
risk profile, which is 
provided by Kailidis and 
Karanikola (2004).

In this work has 
been an attempt for re-
cording and processing 
spatial and non spatial 
information with the 
combination of DTM 
and Geographical Infor-
mation Systems (GIS), 
within the scope of 
Geoinformatics.

Material and Methods

In order to create a digital database 
that could provide comprehensive in-

formation over the number of fires, 
land areas and living species and fi-
nally the reaction time of the forest 
office commissions we were used as 
research area the entire Greek state. 
Furthermore, the development and 
processing of three-dimensional dig-
ital model of the suburban forest of 

Fig. 1. A model of forest fires’ risk profile.
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Thessaloniki (Seix-Sou) was made 
using the software package Civil 3D 
of Autodesk corporation. The subur-
ban forest of Thessaloniki, known as 
Seix-Sou, extends over the hills sur-
rounding the city between 50–450 m 
above the sea level. This forest area 
is extended in a total area of 30,000 
acres and it primarily consists of co-
niferous species (Figure 2). However, 
in July 1997, the suburban forest of 
Thessaloniki suffered a terrible ecolog-
ical disaster, as 55% of its total area 
(16,640 acres) was burned. The iden-
tification of the area being researched 
was defined with the use of digital 
photogrammetric method.

A set of aerial photographs (A/P), 
which had been taken in 1994, were 
used for the project. After getting digi-
tized (scanned) by a special photogram-
metrical scanner, they were edited us-
ing the software package Leica Photo-

grammetry Suite (LPS 9) of Leica Geo-
systems Corporation.

The relative automated generation of 
a Digital Terrain Model (DTM) was real-
ized through the application of automati-
cally correlated homologous pixels using 
the standard frames of the radiometric 
values of the pixels (area based match-
ing). This method is commonly used in 
the digital photogrammetry (Wolf and 
Dewitt 2000). What is more, LPS 9 
software allows the generation and the 
use of the digital images’ pyramids in 
order to improve the final results. The 
images’ pyramids form a helpful tool for 
identifying the appropriate initial values 
which are used to further determine the 
best possible solution to the problem of 
digital correlation (Kraus 1996). The fi-
nal derivatives of the photogrammetric 
process of the aerial photographs (with-
in a research area), are the digital ortho-
photos for the year 1994. These derive 

from the differential 
regression of A/Ps, 
by eliminating the 
positioning errors 
that are entailed due 
to the terrain mor-
phology/variations. 
The production of 
digital orthophotos is 
the first, fully auto-
mated digital proce-
dure in digital photo-
grammetry (Baltsavi-
as 1996). Then, the 
researchers created 
geographic vector 
data (polygons and 
lines), based on the 
interpretation of the 
study area. These, 
later, were associ-Fig. 2. Orientation map of study area.
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ated with the descriptive data within 
the geographical database of Civil 3D. 
After defining the relevant topology, the 
planimetry of the polygons was carried 
out and the total area for each land use 
was calculated. Then, the production of 
the final orthophotomap was followed.

The Civil 3D is an integrated soft-
ware application of Autodesk for map-
ping and development of GIS within the 
environment of AutoCAD. It combines 
the design capabilities of GIS and the 
use of surveying efficiency, calculation 
and design tools of digital terrain mod-
els. These characteristics are referred 
to the specialists of applied design GIS 
systems, and to surveying and design of 
technical works.

The ArcView Spartal Analyst pack-
age provides an effective way of pre-
senting and analysing geographical 
objects of this type (It sounds a bit 
strange to use the term “objects”, but 
is an appropriate one). Instead of being 
designed as shapes, they are separated 
on the surface-edge of an anaglyph on 
which they are represented in an identi-
cal size of rectangular cells. Each cell 
is filled with a numerical exponent that 
stores the value of the object in the site. 
So, if there is represented the average 
daily temperature in Celsius degrees 
(oC), the cells would have values like 
13, 20, 26 etc.

Results and Discussion

With the help of Arc view GIS, clas-
sification of the burned species due 
to forest fires during the years 1992–
1997 measured in 1,000 sqm per for-
est office in Greece is presented. This 
classification depicts grassy areas and 

areas with evergreen broadleaves veg-
etation. Furthermore, classification of 
the burned areas measured in 1,000 
sqm per Greek prefecture throughout 
the years 1999–2002 is presented, 
according to the statistics of the fire 
brigade. The classification is presented 
through graded color shades of red, 
which appear in serial number.

As far as the evergreen broadleaves 
vegetation is concerned, the areas, 
which have been in danger for the pe-
riod 1993–1997 (Figure 3), are mainly 
Southern Greece, Crete and some parts 
of Western Greece. Large expanses 
of grasslands have been burned down 
over the period 1993–1997 (Figure 4) 
exclusively in Northern Greece, mainly 
in Northwestern Macedonia and Thes-
saly and less in Epirus, Thrace and the 
Islands. On the contrary, in Southern 
Greece (Central Greece and Pelopon-
nese) the burned grassy areas are neg-
ligible.

The overall burned areas in Greece 
through the years 1999–2002 (Figure 
5), according to the fire brigade’s infor-
mation, are differentiated (with the com-
mon feature of the quantity of fires).

As a result, in 1999 significant ar-
eas in Thrace and Thessaly have been 
burned down and Macedonia as well 
as the Northern Aegean Islands fol-
lows in this year. In 2000 extended 
areas in Central Greece, Peloponnese 
and the prefecture of Evros have been 
burned down. Finally, in 2001 and 
2002 uniformity is presented, as the 
most burned areas are centralized in 
Peloponnese and Central Greece, but 
they differ in Thrace and Crete respec-
tively.

The science of forest fires demands 
that we should avert the fire spread-
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Fig. 3. Burned broadleaved evergreen 1993–1997.
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Fig. 4. Burned grassy areas 1993–1997.
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ing and extinguish small fires. This 
means, that we should arrive as soon 
as possible in the location of fire, as 
to put out a small fire. Given the fact 
that the fire is immediately or almost 
immediately noticed, the fire adminis-
tration center or the nearest fire ve-
hicle is notified; the appropriate ve-
hicles are dispersed throughout the 

forest, in specific posts and not out-
side the fire brigade office. The first 
15 minutes are considered to be the 
ideal time of reaction. Until then the 
extinguishing of fire should have been 
started. The firefighter crews should 
be well trained, so that they begin the 
extinguishing in just few minutes after 
their arrival in the location of fire. For 

Fig. 5. Overall burned areas 1999–2002.
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example in 1983 the majority of fire 
administration centers were notified in 
10–19 minutes but in 1993 in 19–27 
minutes (Figure 6).

In Figure 7 we have the TINs model 
of the suburban forest as it is created 

from the digital photogrammetric proce-
dure and in Figure 8 shows the three-
dimensional representation of Seix Sou 
from the Civil 3D of AutoCAD. Particu-
lar emphasis is given to maps of land 
use in suburban areas as it is vital not 

Fig. 6. Notified Fire administration center in 1983 and 1993.

Fig. 7. TINs of Seix Sou forest.
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Fig. 8. Three-dimensional representation of Seix Sou.

Fig. 9. Land uses map of Seix Sou.
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only for the quality of life but the very 
lives of city’s residents (Figure 9).

Conclusion–Suggestions

Within the scope of Geoinformatics, 
in essay, a combination of DTM and 
Geographical Information Systems (GIS) 
is undertaken to record and process spa-
tial and non spatial information. The hy-
brid out of these technologies is a digital 
map which is created by specialists.

The protection of forest ecosystems 
(lifeline), in combination with the prin-
ciple of exploitation, can only be based 
on digital maps of land use, by special-
ists, who will decide as an independent 
scientific body, if the existence of forest 
area in terms of forest cover by 15 or 
25% or other use is more appropriate.

The digital maps of land use, in combi-
nation with the development plan, give a 
view of development, social cohesion and 
improving quality of life in the country. 
However the choices in land use are actu-
ally derived from the contemporary land 
policy. We need to comply with Article 
24 of the Constitution, as these choices 
are the product of scientific investigation 
and imposed by the needs of society.

Land use maps are maps which pro-
vide information about land use. There 
is a number of different applications for 
such maps, and in many nations, land use 
maps are prepared by several government 
agencies, for a variety of reasons. Indi-
vidual groups and organizations can also 
generate maps with land use information. 
Often, such maps are available to the 
public, so that people who are interested 
in land use trends can access them.

One form of land use map is a zon-
ing map. Zoning maps are used to mark 

out areas designated for specific types 
of land use, so that people, who are as-
sociated with land development know, 
which kinds of uses will be allowed. The 
creation of zoning maps is part of the 
overall process of community planning, 
in which communities decide how they 
want to develop themselves into the fu-
ture. Zoning decisions can include fea-
tures such as setting aside green space, 
isolating industrial land, and so forth.

Another type of land use map is a 
map which shows utilization. Utiliza-
tion maps are often used in zoning de-
cisions to determine, whether zoning 
changes need to be made or not. If, 
for example, only 60% of the land des-
ignated for residential use, is in active 
use or under development, it would be 
suggested that scheduling more resi-
dential zoning is not necessary. Utili-
zation land use maps exhibit, the way 
land is being used, and may also in-
dicate historic utilization information, 
and provide information about the de-
velopment of land use through differ-
ent periods of time.
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Abstract
Most of the ecosystems of our country are classified as degraded natural ecosystems, 

due to more or less human impact on the near or distant past. Many of these ecosystems 
are currently experiencing an evolutionary process, after their relief of adverse human ac-
tivities, which mainly depends on the condition of the soil, the ecological diversity of the 
region and the rational and sustainable human management. The digital representation of 
the terrain, with software easy to handle, is a key task of the Geotechnical – Engineering 
Scientist. Furthermore, it is necessary for the upgrade of the existing environment that the 
current state of the ground (aspects, soil-cover) and the proposed one (roads, new soil-
cover, micro-works) are depicted on three-dimensional intelligibly form. This process requires 
detailed surveying with geodesic station or GPS and automatic transfer into an appropriate 
software for processing – a comparison of existing and proposed state, through several op-
tions. Consequently, the following problem is raised: farming and sustainable management 
of the forest without road openings is unrealistic, on the contrary most of our country’s 
forests are degraded and with low productivity. Therefore, it is difficult to find the golden 
mean between the services of the needs of the forest exploitation and protection and the 
principle of the optimization that should apply in all economic-technical studies. The aim of 
this essay is to examine the contribution of the digital elevation model and generally, the high 
technology, to setting a framework for sustainable management and development, which 
will contribute to the recovery of degraded forests in Greece. The background on which the 
modern analysis and design of the site takes place, is a digital design in two-dimensional 
and three-dimensional forms. In relation to the above both the design and construction of 
forest roads ought to depend on digital technology. It is the largest infrastructure work in the 
mountainous area and contributes to the intensification of forest exploitation in economic 
growth and gradual improvement of degraded mountain areas.

Key words: AutoCAD, sustainable development, geoinformatics, digital terrain model.
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Introduction

The optimization of the opening up of 
the forest is to rationalize their manage-
ment so that, in relation to forestry pur-
pose, their better utilization, the on-time 
and effective protection against biotic 
and abiotic factors and the maintenance 
of the ecological balance of the region 
are satisfactorily achieved.

In productive forests, in particular, 
one of the main purposes of the open-
ing up of the forest is the contribution 
to the sustainability of fruitfulness and 
the optimization of wood production, in 
quantitative and qualitative terms. The 
wood, which is produced from Greek 
forests, is categorized into stacker 
(crushed-wood and firewood) and tech-
nical (round). In productive forests, 
forests with wood stock (> 2 m3.ha-1.
year-1), the ratio for stacker to techni-
cal wood is about 60% to 40%, while 
in non-productive forests stacker wood 
amounts to 80–100% (Doukas 1984).

Most of the ecosystems of our 
country are classified as degraded nat-
ural ecosystems, due to more or less 
human impact on the near or distant 
past. Many of these ecosystems are 
currently experiencing an evolutionary 
process, after their relief of adverse hu-
man activities, which mainly depends 
on the condition of the soil, the eco-
logical diversity of the region and the 
rational and sustainable human man-
agement (Doukas 2004).

The background on which the mod-
ern analysis and design of the site takes 
place, is a digital design in two-dimen-
sional and three-dimensional forms. The 
digital representation of the terrain, with 
software easy to handle, is a key task of 
the Geotechnical – Engineering Scientist 

(De-Cambray et al. 2007). Furthermore, 
it is necessary for the upgrade of the 
existing environment that the current 
state of the ground (aspects, soil-cov-
er) and the proposed one (roads, new 
soil-cover, micro-works) are depicted on 
three-dimensional intelligibly form. This 
process requires detailed surveying with 
geodesic station or GPS and automatic 
transfer into an appropriate software for 
processing – a comparison of existing 
and proposed state, through several op-
tions (Tsouxlaraki 1996).

The problem of the optimal opening 
up of the forest and the construction of 
forest roads in particular, is complex and 
in Greece, it is even further exacerbated 
by the steep slopes and the terrain gen-
erally, and the low productivity of most 
of our mountain forests (FAO 1998). 
Consequently, the following problem is 
raised: farming and sustainable manage-
ment of the forest without road openings 
is unrealistic, on the contrary most of our 
country’s forests are degraded and with 
low productivity. Therefore, it is difficult 
to find the golden mean between the 
services of the needs of the forest ex-
ploitation and protection and the princi-
ple of the optimization that should apply 
in all economic-technical studies.

The need to approach and access the 
forests and the mountainous areas, in 
general, is the beginning of the economic 
exploitation, the protection and the op-
eration of all functions within the multi-
purpose forestry-science. Moreover, the 
opening up of the forest and the opening 
of forest roads, in particular, is a project 
with social implications, as they are the 
most important infrastructure work in 
the mountainous areas and contributes 
to the intensification of the forest ex-
ploitation, the economic growth and the 
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gradual improvement of degraded moun-
tain areas (Liu and Sessions 1993).

The aim of this essay is to examine 
the contribution of the digital elevation 
model and generally, the high technol-
ogy, to setting a framework for sustain-
able management and development, 
which will contribute to the recovery of 
degraded forests in Greece.

Material and Methods

The public forest of Cithaeron mountain 
is located west of Athens at a distance 
of 60 km away from Egalaio area, where 
the office of the Forest Service exists, 
nearby the boundaries of Boeotia pre-
fecture. The public forest of Cithaeron 
mountain extends to the S – SE slopes 
of the main ridge of Cithaeron moun-
tain, and especially on the slopes which 
are N, NW and W of the town of Vilia 
among the coordinates (Figure 1):

Latitude North 38° 11΄ 30΄΄, South 
38° 09΄ 00΄΄

Longitude East 23° 23΄ 00΄΄ West 
23° 13΄ 00΄΄

It is a long stretch from Ε to W along 
and south of the Ridge of Cithaeron 
Mountain, about 16 km long, in central 

Greece, standing between Boeotia in 
the north and Attica in the south. The 
area that lies within these boundaries is 
1,582.5 Ha, in accordance with the land 
uses as presented on Table 1 and Fig. 2.

The whole area on which lies the un-
der study forest has a general south as-
pect. Due to the relief of the area, local 
slopes appear W, SW, E, NE and a little 
bit N aspect. The slopes of the ground dif-
fer from mild to moderate and to intense, 
with a higher coverage rate of 40.02% 
of the total surface slopes of 21–40%. 
The slopes are generally steeper on the 
west side of the mountain. The above 

Fig. 1. The research area.
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sea level starts at 420 m just above Vilia 
and reaches 1.407 m on the top of the 
Prophet Elias pick of Cithaeron Moun-
tain. The entire area is strictly mountain-
ous. It is mainly composed of limestone.

For research purposes, namely the 
contribution of digital terrain models in 
the sustainable management and devel-
opment of degraded Greek forest eco-
systems, DTM is created  concerning a 
typical forest with low productivity (<1 

m3 per year and ha), after 
having obtained the nec-
essary forestry, technical 
and economic data from 
the forest management 
plan for Cithaeron forest 
for the years 2000–2009.

The maps of 1:50000 
of the area were used with 
the help of the most mod-
ern tools such as powerful 
computers and programs 
i.e. the Geographic Infor-

mation Systems (GIS), automated de-
sign (CAD) and Digital Image Analysis 
(Image Processing).

We placed the boundaries of the 
complex, the forest sectors and stands 
(Figure 3) and various land uses of the 
area (wooded, partially wooded land, 
agricultural lands, bare lands, evergreen 
broadleaved, grassland and settlements) 
and then became the area measurement 

Table 1. Land use.

Land use Coverage rate, ha 

1. Wooded area 
2. Partially wooded area 
3. Scrubs - Evergreen Broadleaved  
4. Agricultural lands 
5. Bare - grassland 
6. Settlements 

698.1 ha 
57.2 ha 

732.7 ha 
27.8 ha 
65.7 ha 
0.9 ha 

Total 1582.5 ha 

 

Fig. 2. Land use percentage of the study area.
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automatically by using a command of 
AutoCAD named: “lift”. The current 
road density of the region was estimat-
ed by using the AutoCAD.

Digitization is the digital mapping 
of the characteristics of a map. Sub-
stantially through the digitization of 
the spatial features of an analogue 
map (points, lines, and surfaces) are 
converted into digital (x, y) which in 
turn are stored in specific files on the 
computer. Specifically a pair of coordi-
nates (x, y) represents a point, while a 
series of points represents a line. One 
or more lines delimit a region using a 
label point represents a surface (Pa-
padimitriou 1980). 

On a practical level, as the map is 
pasted on the panel of digitization, 
points or lines that represent captured 
by the digitizing cursor. By activating 
the cursor, the computer records the 
position of the point he intended. A nec-
essary condition is the digital encoding 
of digital records in a common reference 

system. Practical means to convert the 
local coordinates of the device in a com-
mon geographic reference system such 
as UTM coordinates or coordinate sys-
tem H.G.R.S. 87. Most commercial GIS 
packages containing the software to 
convert the coordinates facilitating the 
cartographer to any changes they desire 
(ACSM 1988).

Results and Discussion

In Figure 4 we can see the under study 
area with contour lines of 100 m, roads 
and the control points of the digitiza-
tion. In Figure 5 is shown the digital ter-
rain or elevation model with the forest 
road network in 2-D and 3-D. In Figure 
6 we can see the silvicultural map of the 
study area, with contour lines of 100 m 
and 20m, roads and streams. In figures 
7, 8 and 9 are shown the diagrams of al-
titude percentage, slope percentage and 
aspects percentage of the study area. 

Fig. 3. Forest sectors and stands of the study area.



V. Drosos, V. Giannoulas, and C. Stamatiou168

Finally in figure 10 is presented the re-
search area with the points of interest.

Considering the facts that the 
wooded area is very small, the actu-
al condition of the forest that is de-
graded, with very low wood stock 
and the proposed management which 
does not evaluates the wood produc-
tion, but the protection, preservation 
and improvement of the forest, the 
protective, aesthetic, health, etc. ef-
fects should be considered and evalu-
ated and appropriate measures for the 
protection of the existing forest and 
the improvement and expansion of it 
should be suggested.

Generally, it is not vital to apply spe-
cific restrictions on the management of 
the forest, accounting the hydronomic 
and protective nature of the forest and 
its health, aesthetic, etc. effects, ex-
cept for the need for the durable exist-
ence of the forest, the improvement 
and the rational management, by stand, 
according to the forestry and biological 
requirements of the prevailing species.

Apart from the hydronomic and pro-
tective nature of the forest, the assess-
ment of the healthy, aesthetic character 
of the forest is valuable and growing, 
both by local residents and tourists 
who come around during the summer 
months in the region and in transit to 
Porto Germeno resort.

The area is a resort for Athenians 
and those who originate from there. 
The forest offers the beauty of the Fir 
tree in the wider area covered with Pine 
trees. Finally, on the top of the Cithaer-
on Mountain remarkable view in every 
direction is provided. The Boeotia plain, 
Euboea, Parnitha Mountain and the 
other mountains of Attica, the Saronic 
islands, the mountains of the Pelopon-
nese, much of the Corinthian Gulf and 
Parnassus Mountain can be observed 
from there.

The existence road density is:
Dex = 18,848 m / 1,582.5 ha = 

11.91 m.ha-1

This is quiet efficient for a forest with 
hydronomic-protective role. This is the 

Fig. 4. Research area with contour lines of 100 m, roads and the control 
points of the digitization.
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minimum required road density in the re-
gion, which has a key protective role.

In non-productive forests, road density 
that amounts to 12.5 m.ha-1 should be 
achieved, which is the minimum one for 
the protection of forests from fires (Dou-
kas et al. 1995) and may also contribute 
to the economic-technical skidding of the 
stacker wood. In case of forest areas with 
very low productivity, where the road 

opening should serve mainly the protection 
of these areas from fires, the road density 
is based on the technical capabilities of fire 
fighting-vehicles (with pipe-length of 450 
m), the method of movement of fire-fight-
ers (easier drive downhill than uphill) and 
the reaction time of the fire crews (about 
15 min).In these circumstances, the road 
distance must be between 670–800 m, 
i.e., road density of 12.5 m.ha-1 – 15 

Fig. 5. DTM of the study area with forest road network.
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m.ha-1 (Rizopoulou and Bazigou 1990). Be-
cause of the low productivity, light traffic 
of vehicles is planned in the coming years 
for these forests. In the forests with pro-
ductivity more than 2 m3.year-1.ha-1, op-
timum road density should be calculated 
based on the forest exploitation data and 
technical and economic data of the area.

As shown in the forest map, with the 
help of Figure 3, forest stands 1a, 1b, 
2a, 2b, 2c are not adequately served by 
the existing road network. A road with 

a start from the hairpin turn (also hairpin 
bend, hairpin corner or switchback) at 
the lower boundary of stands 2c and 3a 
and a general western direction to the 
western boundary of the forest in study 
would meet this need.

Conclusions

The forest, though, as mentioned above, 
will not be exploited for the production of 

Fig. 6. Silvicultural map of the study area, with contour lines 
of 100 m and 20 m, roads and streams.
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forest products. The opening of a road, un-
der the existing local conditions, will nega-
tively affect the environment and cause 
damage on an already degraded forest.

The construction of another road, a 
little bit further, outside of the Fir-forest 
boundaries and through the Aleppo-Pine 
forest, would cover some needs of the 

Fig. 7. Percentage distribution of altitude of the study area.

Fig. 8. Presentation of slope’s percentage distribution in the study area.
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Fir-forest, while it would serve and the 
Aleppo-Pine forest.

As a consequence, the construction 
of any road is not suggested, nonethe-
less, we believe that the opening of a 
road in the area should be considered 
with the conditions which are devel-
oped above; the mutual service of the 
Fir-forest and the Aleppo-pine one.

It is not required to settle buildings 
and other facilities for the exploitation of 
the forest. The issue of the fire protection 
should be dealt with altogether for the 
entire region. Especially, in the hazard-
ous forests that are endangered by fire, 

Fig. 9. Aspects’ percentage distribution of the study area.

Fig. 10. The study area with contour lines of 100 m, roads and points of interest.

dead-end forest roads should be avoided, 
in order to eliminate the chance of the en-
trapment of forest fire-fighting vehicles.

Finally, the important issue of inter-
ventions in this area with the construc-
tion of various works that will serve the 
needs of mountaineers, tourists, forest 
recreation, etc. involving various bodies 
(local authorities, mountaineering clubs, 
hunting clubs, Forest Service, etc.), 
each one different and often conflicting 
priorities and views, must be addressed 
through true cooperation between these 
bodies and after a thorough study of all 
parameters and joint decision-making.
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Whatever is concluded for this de-
graded forest, is a guide for the rest of 
the Mediterranean degraded forests of 
our country.

The digital elevation model is the base 
for the creation of utilization land use 
maps. Utilization maps can be very de-
tailed and tremendously useful. They can 
highlight a variety of activities, including 
farming, mining, residential use, light in-
dustrial, heavy industrial, waste storage, 
and so forth so that people get a clear 
visual impression of how land in the area 
covered by the map can be used. Utiliza-
tion land use maps can also be important 
from a development perspective because 
they provide data about historical use; 
land used for a tannery, for example, 
might not be a great place for a residen-
tial development and help in setting a 
framework for sustainable management 
and development, which will contribute 
to the recovery of degraded forests.

Land use maps, records, and archives 
are often kept in central government 
buildings for the purpose of maintain-
ing a coherent record. Researchers who 
want to study land use or the history 
of a region can access these archives, 
as can developers who want to know 
more about their land use options, and 
government officials who monitor land 
use. These maps can become important 
in zoning and property disputes, as peo-
ple may be able to use them to prove or 
argue their case.

We can use land use data derived 
from satellites and aerial photographs to 
study the historic change in Land Use/
Land Cover for a region and to model 
the possible impacts of climate change 
on these trends.
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Abstract
Older methods and instruments were characterized by low accuracy or low productivity 

and high costs of fieldwork. From the 80s appeared on the market new types of instruments 
identified to measure accurately, productively, with a small amount of field work, but large 
cost of purchasing the instrument and modified analytical methods and efficiency. The era 
that we are living is characterized by evolutions of great importance in the sector of space 
applications. Especially, in the field of geodesy science, the applications of position determi-
nation with the use of satellite systems in global scale offered valuable solutions in chronic 
problems while creating new prospects but also greater demands. GPS and GLONASS are 
continually improving and the European Galileo and Chinese Compass systems are emerging 
to provide additional benefits for world-wide users. The main target of this research is the 
investigation of the possibilities of the triple frequency GPS at field work for forest map-
ping. Previous works has been done by many researchers in all over the world. However, 
in this paper we concentrate on woodland area with receivers of two (2) frequencies (dual 
frequency) for both GPS and GLONASS satellites on. Also be able to receive signals from 
the third frequency GPS L5 and GALILEO, COMPASS satellites and the new L2C frequency 
for better and faster fixing in these environments. Finally are concluded proposals for the 
survey work in the forest cadastre, the forest opening up and the forest road construction, 
the study of temporal changes in the earth surface, for the measuring of forest data and for 
the civil engineer works.

Key words: frequency, field test, GPS, instrument, terrain condition.

Introduction

Older methods and instruments were 
characterized by low accuracy or low 
productivity and high costs of fieldwork. 
From the 80s appeared on the market 
new types of instruments identified to 
measure accurately, productively, with 
a small amount of field work, but large 

cost of purchasing the instrument and 
modified analytical methods and effi-
ciency.

In order to choose the correctly in-
strument it depends on follow factors: 
the cost of instrument, the existed 
available instruments, the terrain condi-
tions, the method of the work and the 
desirable precision of the work.
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The era that we are living is charac-
terized by evolutions of great importance 
in the sector of space applications. Es-
pecially, in the field of geodesy science, 
the applications of position determination 
with the use of satellite systems in global 
scale offered valuable solutions in chronic 
problems while creating new prospects 
but also greater demands. GPS and GLO-
NASS are continually improving and the 
European Galileo and Chinese Compass 
systems are emerging to provide ad-
ditional benefits for world-wide users. 
NAVSTAR/G.P.S. (NAVigation Satellite 
Timing And Ranging – Global Positioning 
System) or just GPS is a satellite system 
with which we can determinate the posi-
tion of one point of observation Χ, Υ, Ζ, 
in relation to a point of reference. This 
new system’s development started at the 
beginning of the 70s and its use started 
at the beginning of the 80s by the USA’s 
Ministry of Defense.

It has been designed for the needs 
of navy and for military purposes and 
its main target was to allow knowledge 
of any position, with ±10–15 m accu-
racy, in real time. It soon became clear 
that it could be used for even more ac-
curate calculations so its use also ex-
panded to geodetic applications. Gener-
ally GPS covered a great gap in the field 
of position’s determination.

GPS receivers are used for naviga-
tion, positioning, time dissemination, 
and other research.
§ Navigation in three dimensions is 

the primary function of GPS.
§ Precise positioning is possible 

using GPS receivers at reference loca-
tions providing corrections and relative 
positioning data for remote receivers. 
Surveying, geodetic control, and plate 
tectonic studies are examples.

§ Time and frequency dissemination, 
based on the precise clocks on board 
the SVs and controlled by the monitor 
stations, is another use for GPS.
§ Research projects have used GPS 

signals to measure atmospheric param-
eters.
§ Georeferencing: that is assign-

ing correct latitude and longitude to the 
control points of satellite imageries and 
topographic maps.

Many groups are now researching 
the advantages of the third civil fre-
quency available with Modernized GPS 
and an entirely new Global Navigation 
Satellite System (GNSS), GALILEO.

Studies have shown that the inte-
gration of the two systems provides 
stronger geometry and more availability 
(O’Keefe 2001). These properties allow 
for better blunder detection and higher 
reliability of the overall system. The in-
creased availability gives better preci-
sion in the position domain (Lachapelle 
et al. 2002) and can provide improved 
satellite geometry in the most difficult 
signal masking environments, such as 
urban canyons (O’Keefe et al. 2002).

Beginning around 2008, civilians will 
have access to three GPS signals: L1 
(1575.42 MHz), L2 (1227.60 MHz), 
and L5 (1176.45 MHz) (Van Dieren-
donck 2000). Both L1 and L5 are for 
civil aviation safety-of-life services. L2 
is for non-safety critical applications. 
The use of these additional frequencies 
is expected to enhance the performance 
(accuracy, integrity, continuity, availa-
bility) of GPS. There are several ways to 
take advantage of the new frequencies:
§ Calculate ionosphere delay in the 

airplane. This might eliminate the grid 
which is used for ionosphere delay cor-
rections in WAAS (Enge et al. 1996). 



V. Drosos, A. Kantartzis, and R. Giovannopoulos176

As a result, one would have fewer wide 
area reference stations (WRS). This sys-
tem would be less expensive.
§ When radio frequency interfer-

ence (RFI) is present, one can use the 
additional GPS frequencies as a back-
up navigation method. This system re-
quires WAAS to continue broadcasting 
the ionosphere grid.
§ Combine the above two meth-

ods to form a more robust navigation 
system. This combined system is more 
preferable than the two above methods.

Three frequency systems allow for 
better modeling of atmospheric errors, 
especially in the case of the ionosphere, 
which is dispersive. Three frequencies 
will also allow for more variation in am-
biguity resolution methods. The GPS 
widelane combination of L1 phase mi-
nus L2 phase has been shown to reduce 
measurement errors, in terms of cycles, 
which allows for faster ambiguity resolu-
tion. This widelane combination has also 
been used as an intermediate step in re-
solving individual L1 and L2 ambiguities. 
This process is called cascading ambigu-
ity resolution, in which frequency com-
binations that reduce the effects of the 
atmospheric errors are resolved prior to 
attempting to fix more difficult, shorter 
wavelength, ambiguities. By using the 
fixed information, the frequencies com-
bination is used to assist with ambigu-
ity resolution of the shorter wavelength 
ambiguities in an attempt to resolve the 
ambiguities on the base frequencies.

The basis of GPS is trilaterate from 
satellites. To trilaterate a GPS receiver 
measures distance using the travel time 
of radio signals. To measure travel time, 
GPS needs very accurate timing, which 
it achieves with some tricks. Along with 
distance, it is needed need to know ex-

actly where the satellites are in space. 
High orbits and careful monitoring are 
the secret. Finally you must correct for 
any delays the signal experiences as it 
travels through the atmosphere.

Position is calculated from distance 
measurements (ranges) to satellites. 
Mathematically we need four satellite 
ranges to determine exact position. Three 
ranges are enough if we reject ridiculous 
answers or use other tricks. Another 
range is required for technical reasons.

Our research motivation is the inves-
tigation of the performance of a triple  
frequency GPS at field work for forest 
mapping.

Material and Methods

The research area was at Asvestochori. 
The instrument we used was the LEICA 
VIVA GS15 (Figures 1 and 2).

The basic technical specifications of 
the triple frequency satellite positioning 
system are shown in Table 1.

These steps below describe briefly 
how to setup, operate, take down, and 
process data for a GPS-RTK survey.

1. Setting up the base station for an 
RTK survey.

1.1. Set up of base station antenna 
and tripod.

1.2. Set up base repeater radio.
2. Set up of RTK rover for RTK sur-

vey.
2.1. Setting up the rover receiver.
3. Set up of independent RTK repeat-

er radio for RTK survey.
4. Configuring the RTK survey.
5. Creating a new job for the RTK 

survey.
6. Starting the base receiver for a 

RTK survey.
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7. Starting the rover 
receiver for a RTK sur-
vey.

8. To survey a point.
9. Ending a RTK sur-

vey.
We must be careful if 

base or rover batteries fail 
during the RTK survey, 
survey data may be lost.

In order to take the 
ASCII output files of 
RTK data we used spe-
cial software in order to 
export various GIS out-
put files, and those in-
terested in creating vari-
ous GIS are referred to 
the manuals for further 
information.

Note that ASCII TEXT 
files contain WGS-84 
latitude and longitudes, 
and height above ellip-
soid elevations. We used 
special software (CO-
ORDS) in order to trans-
form them to HGRS ’87 
(Hellenic Geodetic Refer-
ence System ’87). Then 
we input the ASCII file in 
AutoCAD and export the 
digital map of the area.

Results and 
Discussion

The Following figure 3 
presents the surveying 
area with the contour 
lines. The main contour 
lines with red colour are 

Fig. 1. Pieces of the instrument LEICA VIVA GS15 
with the technical equipment.

Fig. 2. Case of the LEICA VIVA GS15.
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System Differential GPS Corrections 

1.0 The GPS system consisting of two receivers interchangeable between each other with 
supporting accessories, software to perform all the required applications. 

Receiver GPS GNSS 

2.0 
Have receivers of four (4) frequencies for both GPS and GLONASS satellites on. Also be 
able to receive signals from the third frequency GPS L5 and GALILEO satellites and the 
new L2C frequency for better and faster fix. 

2.1 

Each receiver offers 120 channels and two frequencies L1 and L2 on simultaneous 
detection of up to 60 satellites at both frequencies. 
The receiver performs measurements of phase and frequency waves two carriers L1 and 
L2 code measurements and C / A and P in L1 and L2 frequencies. 
Each receiver has: 
• Sixteen (16) channels of continuous detection of the frequency of L1. 
• Sixteen (16) channels of continuous detection of the frequency of L2. 
• Sixteen (16) channels of continuous detection of the frequency of L1 GLONASS and 
sixteen (16) channels of continuous detection of the frequency of L2 GLONASS + (4) 
SBAS (WAAS, EGNOS, GAGAN, MSAS) 

2.2 Ability to record observations in kinematic and static procedure for post-editing in the 
office. 

2.3 The rate of measurements’ recording to qualify by 0.05 sec to 300 sec. The angle of the 
satellite measurements for recordings (cut – off angle) to be eligible. 

2.4 The refresh rate of the position to be eligible by 0.05sec (20 Hz) to 1 sec (1 Hz). 

2.5 
The system offers complete reference design parameters (availability of satellites, static 
figures Precision PDOP, GDOP, and azimuth angles of the satellites, sky map) all the data 
is tabular and graphical format. 

2.6 Has built-in anti-jammining on both frequencies L1 and L2. 
2.7 Have reliable technology of reception under trees. 

2.8 The mobile receiver to receive network RTK corrections and supports networked RTCM 
messages type of issue until v3.1. 

2.9 The receiver is controlled via the serial port to any other program that runs on any 
platform. 

2.10 The data from both receivers are recorded in CF Compact Flash or SD cards in both the 
receiver and the keyboard with selectable by the user to register. 

2.11 The ISDN cards have at least 1GB of memory 

2.12 The mobile receiver (rover) communicates with Bluetooth built-in antenna for kinematic and 
REAL TIME applications. 

2.13 The rover receiver (mobile) consists of the antenna, keyboard, batteries and pole with the 
support and its weight is not more than 3.5Kg. 

2.14 The operating temperature range of the receiver is -30°C to +65°C. 
2.15 The storage temperature range of the receiver is -40°C. 
2.16 The resistance to humidity is 100% (total precipitation). 
2.19 The RTK is fully integrated in receivers. 

Table 1. Basic technical specifications of satellite positioning system LEICA VIVA GS15.
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every 2 m while the intermediate contour 
lines with green colour are every 40 cm.

In this paper we presented an over-
view of a GPS system, we mentioned 
its characteristics and some of its draw-
backs. RTK method was briefly de-
scribed. Measurement results showed 

that in open sky with the triple frequency 
GPS offered the most accurate and quick 
solution for the digital terrain model crea-
tion. When high precision and accuracy 
measurements are required for example 
in forest cadastre the triple frequency 
GPS is the answer. GPS L5 is the new 

2.20 

The integrated software of the receiver allows and the following measurements: 
• Surveying 
• Identification of reference systems 
• Mapping of all methods of orientation (north, sun, point, line, arrow navigation) 
• COGO applications for determining coordinate points with many geometric methods. 
Specifically: cuts straight to the field in straight distance calculations, arrows, shift, speed 
tracks, routes 
• Transformation etc. 
The user has the ability to create its own set of rules for all applications supported by the 
system and planning at the office before the field measurements. 

2.21 The software has the ability to create lines and polygons as well as the possibility of 
introducing coding points, lines and polygons. 

RTK performance 
3 The reliability of positioning should be better by 99.99% 

3.1 
For Real Time approach to achieving the following accuracies: 
Position 10mm +1 ppm; 
Elevation 20mm +1 ppm. 

3.2 Continuously independent continuous control algorithms to resolve the ambiguity phase. 
3.3 Equipment modem and GSM modem are removable from the receivers and not integrated. 
3.4 To be making points with a frequency of 20Hz (0.05sec) without degradation of accuracy. 

3.5 Time for On-the fly positioning in Real Time situation is 8 sec (typical) after connecting to 
satellites. 

3.6 The display controller to display continuously the situation to resolve ambiguities. 

3.7 The display controller to provide all information as the number of detectable satellites and 
the condition of the battery or memory card capacity. 

3.8 The display controller to display graphic signs with engraving. 
3.9 The system to read signs marking just ASCII files. 

3.10 The scheme to import and export files onboard ASCII measurement sites offline with a 
program on a PC in a format of choice. 

3.11 The system can import and export onboard DXF files points / lines / polygons without 
connection to program in a computer. 

3.12 The system must support connection to GSM. The connection between the GPS receiver 
and GSM modem to be without power. 

3.13 The system has the possibility of simultaneous wireless modem, and GSM modem in the 
body of the receiver. 

Table 1. Contination.



V. Drosos, A. Kantartzis, and R. Giovannopoulos180

third GPS frequency with GPS and GLO-
NASS. Through higher power emission 
GPS L5 offers easy and faster signal ac-
quisition and tracking. Advanced signal 
modulation schemes improve multipath 
rejection performance. Galileo will add 
another 30 satellites to the GPS and 
GLONASS constellation. This will pro-
vide an average of 20 satellites in view 
24/7 and will further improve speed and 
accuracy. Also the new L2C frequency 
is another one frequency for better and 
faster fix in wooded environments. Also 
it can be able to receive signals from the 
Chinese COMPASS.

Especially G.P.S. in forest engineer 
works gives the following advantages:

Topography (Relief)
The high accuracy, which the measure-
ments of carrier wave phases offer, con-
stitutes an excellent tool for a series of 
geodynamic, geodetic and topographic 
applications (Seeber 1993).

G.P.S. system has been used by the 
laboratories of Superior and satellite ge-
odesy, in order to support the Greek Trig-
onometric network and for the implemen-
tation of the new Hellenic Geodetic Refer-
ence System HGRS ’87. It was used for 
the monitoring the small movements and 
deformations of the earth’s crust or from 
dams, to accomplish hydrographic photo-
graphs and underwater wirings (Sakkos 
and Vorrias 1998).

Forest cadastre

For the cadastre 
work the kinemat-
ic and semi-kine-
matic methodolo-
gies are applied as 
usual, while for 
the works of the 
triangulation use 
becomes of the 
static and semi-
kinematic methods 
of determination. 
G.P.S. constitutes 
a valuable tool 
for the geographi-
cal information 
systems (G.I.S.), 
which connect 
phenomena with 
the geographical 
space. G.I.S. is 
the new trend in 
technology to col-

Fig. 3. The surveying area with the contour lines.
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lecting, storing, managing and analyz-
ing data. Many companies in Europe 
manufacture G.I.S. – programs, in order 
to renew the cadastral maps, cadastral 
tables and delimitation of forest cadas-
tre with the help of digital maps that 
are taken central via Internet and are co-
operated with G.P.S. in the field.

Road construction

Afterwards the abolition of the Selective 
Availability, the global positioning sys-
tem has an extended use in the road 
construction replacing the topography’s 
classical methods that were based on 
the use of the total station, theodolite 
and level. G.P.S. – system can be a 
useful means for the survey engineer, 
which occupies the road’s construction 
premeditations and designs (Varvanis 
and Vasiliadis 1996).

Except from the surveying, G.P.S. 
(the global positioning system) can also 
be used in other applications of road 
constructions, like way staking. In rela-
tion to the installation of gradient devel-
oped control systems in the earthwork 
machines, the exact place of the ma-
chine can be determined, being based 
upon the technology of G.P.S.

Management of forest – Harvest, 
skidding and transport of forest 
products

Simple in the use GIS-programs and suit-
able database help in the modern man-
agement of the forest (Sprenger 2003). 
During last years, the global positioning 
system has been useful as an applica-
tion within forest management; as far 
as this instrument allows the research-
ers to clearly define the productivity of 

the machines that used in forest work. 
G.P.S.-system is more advantageous 
compared with the traditional methods 
of forest management, as it requires less 
work time and is extremely precise. One 
reaches this with the installation of re-
ceivers in the cultivation and harvesting 
machines. By the production of a road 
map one can define the route  and speed 
of the vehicles and the ground pressure, 
which are practiced on the road, with 
computation of the traffic frequency.

Management of fire-fighting 
vehicles’ fleet

The surveying of a forest area’s roads 
gives the possibility of designing the 
suitable maps, in order to prevention 
or extinguish a fire faster. Great effect, 
particularly in Europe and Japan, finds 
also the combination of G.P.S. and elec-
tronic maps for the management of ve-
hicle fleets, e.g. to fire brigade, police 
and ambulances. Each vehicle watches 
its travel on an electronic map, which 
provided with information about the di-
rection change, the weather, and road 
and traffic conditions. With this man-
ner the central station improving their 
route reaches the control of all vehicles’ 
travel at any moment. This usefulness 
of G.P.S.-receivers gets a greater impor-
tance in extreme emergency situations, 
like the danger before fires, in extreme 
health circumstances, whereby the 
reaching of the fastest route is urgent.

Conclusion

It is a third generation instrument for 
measurements, that includes the most 
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modern GNSS technology and tracks all 
existing satellite signals and those planned 
for the future. This includes GPS, GPS 
L5, Galileo, Compass, GAGAN, WAAS, 
EGNOS and MSAS. This state of the art 
equipment will contribute to an efficient 
and effective performance in the field.

GPS technology offers several ad-
vantages: First of all, the service is free 
worldwide in order to locate a position. 
Second, the system supports unlimited 
users simultaneously. Third, one of the 
great advantages of GPS is the fact that 
it provides navigation capability. By in-
tegrating the navigation, positioning, 
and timing abilities of GPS with other 
technologies such as GIS and data col-
lection, electronic displays, and commu-
nications, a vast amount of applications 
can be created. Combining the GPS data 
with GIS allows for greater capabilities 
than what GPS and GIS can provide in-
dividually. With the combination of two 
technologies one is able to display the 
field/actual site on a PC and take serious 
decisions. In forestry there is no short-
age of uses. In forest cadastre, forests 
opening up, forest road construction and 
landings, heavy equipment of recording 
and monitoring, and all sorts of field data 
collection application have already been 
initiated. Mechanical site preparation, ju-
venile spacing, mechanical brushing and 
planting, forest health (i.e. insect and 
disease tracking), forest fire monitoring, 
research plots and others are some of 
Forestry applications that the use of GPS 
brings a new era. Forestry applications 
that use GPS are continually changing. 
GPS can be used to create and maintain 
digital map databases for the forests we 
manage. In connection with the zoning 
plans we can sustainable develop the 
mountainous areas.
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Abstract
The aim of this paper is to investigate the relationship between the surface hardness 

(Brinell’s hardness) and colour change of thermally modified Sessile oak (Quercus sessiliflora 
Salisb.) wood. The material was taken from the coppice forests of the National Park Đerdap 
in eastern Serbia. Two groups of samples were selected from sapwood and from heartwood. 
The samples were heat treated at 170ºC, 190ºC and 210ºC for 4 hours. Radial hardness 
and CIELab (L*a*b*) coordinates of wood colour were investigated before and after the 
thermal treatment. The obtained results indicate that thermal treatment causes a reduction 
of CIElab coordinates and radial hardness whereas colour change (ΔE) increases with the rise 
in temperature. All the measured coordinates of the CIELab system have positive values in 
all the analyzed samples. The positive correlation between lightness (L*) and hardness was 
determined, whereas colour change has negative impact on radial hardness of oak wood. 
The results presented in this paper indicate that the colour can be used for assessment of 
hardness of thermally modified Sessile oak wood.

Key words: CIELab, thermally modified wood, Sessile oak, colour change, hardness.

Introduction

Thermally modified wood (TMW) is 
obtained by intensive treatment at ex-
tremely high temperatures. Thermal 
treatment of solid wood permanently 
changes large number of its properties 
(Jamsa and Viitaniemi 2001, Bekhta and 
Niemz 2003, Tjeerdsma and Militz 2005, 
Johansson and Moren 2006, Shi et al. 
2007, Gonzales–Pena and Hale 2009).

This type of modification causes 
a change in hardness, which is a very 
important indicator of TMW quality and 

usability. Jamsa and Viitaniemi (2001) 
showed that hardness is most often an 
indicator of the quality of TMW surface. 
Shi et al. (2007) reached the conclusion 
that hardness in most thermally modi-
fied types of wood is higher than in the 
untreated ones e.g. by 7% in spruce 
wood, by 52% in pine wood, by 22% 
in birch wood and by 39% in cotton-
wood wood. The above listed research 
results do not give a clear picture of the 
impact of high temperatures on wood 
hardness. One of the possible reasons 
for that may lie in the fact that in some 
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cases and in some types of wood the 
surface of wood hardens extremely, 
so that the results obtained using the 
Brinell method do not reflect the true 
state of hardness in the whole volume 
of the investigated sample (Popović et 
al. 2008).

Besides the change in hardness, heat 
treated wood obtains a darker tone of 
colour and the intensity of darkening 
increases with the rise in temperature. 
The colour of TMW is an indicator of 
its chemical properties (Esteves et al. 
2007), equilibrium moisture content and 
shrinkage (Patzeit et al. 2003), as well as 
hardness (Johansson and Moren, 2006). 
So far there have been few researches 
of the relationship between colour and 
mechanical properties of TMW. Bekhta 
and Niemttz (2003) found strong corre-
lation between colour change (ΔE) and 
bending strength in spruce wood ther-
mally modified at 200ºC. Gonzales–Pena 
and Hale (2009) showed that in beech 
and pine wood colour change ΔE proved 
as the best parameter for the prediction 
of wood hardness, and in spruce wood 
that was the coordinate of wood light-
ness L*. The obtained results indicate 
that quantitative assessment of colour 
can serve as a good indicator of some 
mechanical properties of TMW.

Taking into account that fact that 
Sessile oak (Quercus sessiliflora) wood is 
wood the most significant hardwood in-
dustrial species in Serbia, besides beech, 
the main aim of this paper was  to inves-
tigate the relationship between its colour 
and surface hardness (Brinell’s hardness) 
after thermal modification at high tem-
peratures and to obtain data which can 
be useful for industrial production and 
application. The relationship between 
colour and hardness was investigated 
for heartwood and sapwood. The inves-

tigation of the properties of such wood 
can contribute to the enhancement of 
the percentage of sapwood in the final 
product and consequently the enhance-
ment of utilization in the production of 
thermally modified Sessile oak wood.

Materials and Methods

The material was taken from the cop-
pice forests in the National Park „Đerdap“ 
in east Serbia. In the forest manage-
ment unit „Porečke šume“, department 
54, section „a“, three trees were felled 
(D = 50 cm at 1.3 m). 18 logs with the 
length of 50 cm were cut, at height from 
0.3 m to the first green branches, at eve-
ry 2 meters. Logs at breast height (1.3 m) 
and in the middle of stem (5.3 m) were 
selected for this research (Figure 1).

The logs were transported to the 
sawmill where their conversion into ra-
dial planks of 27 mm thickness was car-
ried out. The planks were transported to 
the laboratory where they were condi-
tioned. They were cut into two groups 
of samples (heartwood and sapwood) 
with dimensions 12 x 22 x 35 mm (ra-
dial by tangential by longitudinal). The 
samples were cut along the longitudinal 
direction. The heat treatment was done 
in an oven for 4 h at 170°C, 190°C and 
210°C. Three replicates were used for 
each combination of time/temperature of 
treatment (B, C and D). After treatment, 
the samples were cooled down in a dry 
environment and weighed. Untreated 
samples (A) were used as the control.

The density was determined in the 
samples using SRPS D.A1.044 standard 
and moisture content using SRPS EN 
13183-1 standard. The moisture con-
tent of thermally treated samples was 
determined according to Akyldiz and 
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Ates (2008). 
Mass loss, as 
a significant 
indicator of the 
quality of ther-
mally modified 
wood, was 
determined in 
all the exam-
ined samples 
(Esteves et al. 
2007a).

Wood col-
our was deter-
mined in the 
CIELab sys-
tem with the 
use of a BYK 
(BYK Gardner 
GmbH) colo-
rimeter. Set-
tings of the 
device were 
the follow-
ing ones: light 
source D65 and 10º standard observ-
ers. The samples were measured with 
elliptical aperture, 8mm in diameter. 
The colour meter was calibrated using 
white calibration plate which is delivered 
with the device by the producer. Dur-
ing the measurement each sample was 
positioned on a flat plate for the sake 
of measurement stability and constant 
position in relation to the measuring de-
vice. Colour coordinates were measured 
on a tangential surface before and after 
the treatment at two measuring points 
and their average value was used. The 
following CIEL*a*b* coordinates were 
measured: L* (black-white), a* (green-
red), b* (blue-yellow). Colour change in 
the CIELab system was determined ac-
cording to the following formula:

( ) ( ) ( )2
0

2
0

2
0 ttt bbaaLLE −+−+−=∆

where:
Lt, at and bt – CIELab coordinates of 

the samples after treatment,
L0, a0 and b0 – CIELab coordinates of 

the samples prior treatment.
Wood surface hardness was deter-

mined using the Brinell‘s method (EN 
1534) with the direction of the force 
parallel to wood rays (radial hardness) 
prior (untreated samples) and after heat 
treatment (heat treated samples). Radial 
hardness was determined at the same 
points as colour (Figure 2). After that, 
average values of these two measurings 
were determined. 

The obtained data were submitted 
to an analysis of variance (ANOVA) 
and t-test.

Fig. 1. The way samples were cut.
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Results and Discussion

Oven dry density, moisture content 
and mass loss

The average value of Sessile oak den-
sity in oven dry state was 0.715 g.cm-3 

in heartwood with a 5.2%, coefficient of 
variation and in sapwood 0.590 g.cm-3 
with a 7.4% coefficient of variation. 

The obtained value of density is the ap-
proximate value to the one reported by 
Le Moguedec et al. (2002).

By conditioning the samples at tem-
peratures from 22±2°C and 55±5%, 
humidity, untreated heartwood samples 
reached an average value of 10.8%, 
and sapwood 10.2%. The thermally 
treated samples were conditioned in 
the same conditions for 30 days, be-
fore colour and hardness recording and 
they reached the following values of 
moisture content: 170ºC: heartwood 
– 6.4%, sapwood – 6.6%; 190ºC: 
heartwood – 4.4%, sapwood – 4.6%; 
210ºC: heartwood – 3.9%, sapwood 
– 4%. The obtained results show that 
thermal treatment contributes to the re-

duction of equilibrium moisture content 
in wood.

Mass loss increased with a rise in tem-
perature. Mass loss of the heat treated 
samples was: at 170ºC: heartwood 
– 1.3%, sapwood – 1.6%; at 190ºC: 
heartwood – 4.1 %, sapwood – 6.4% 
and at 210ºC: heartwood – 10.7% and 
sapwood – 11.7%. The presented re-
sults indicate that the losses are higher 

in sapwood than in heartwood 
which can also be an indicator 
of significant changes in the 
physical properties of this part 
of oak wood.

Brinell hardness and colour 
change

The obtained values of ra-
dial hardness are shown in 
Table 1. In untreated sam-
ples radial hardness of heart-
wood was  on average 36.1 
N.mm-2, and for sapwood 
27 N.mm-2. Variability of the 
analyzed data was higher for 

heartwood – 18.4%, whereas it was 
12.7% for sapwood.

After thermal treatment there is a re-
duction in the radial hardness of wood. 
The analysis of variance revealed that 
there is significant difference in av-
erage values between the untreated 
and treated samples for both heart-
wood (F=9.36, p<0.01) and sapwood 
(F=15.73, p<0.01). T-test was used to 
reveal that at 170ºC the value of hard-
ness does not differ from the untreated 
samples, as well as that there is no sub-
stantial difference among the values at 
temperatures between 190º and 210ºC. 
These results confirm the premise that 
the substantial reduction of wood hard-
ness begins at temperatures over 190ºC.

Fig. 2. Place on a sample at which hardness and CIELab 
coordinates were determined.
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Quantitative characteristics of the 
colour of Sessile oak TMW were deter-
mined according to the CIELab system 
(not shown). Wood lightness (L*) ranged 
from 77.7 in untreated sapwood to 27.7 
for wood heat-treated at 210ºC. These 
values were lower for heartwood and 
were 67.5 for untreated to 24.9 for a 
treatment at 210ºC. Values of b* were 
positive but they had the same trend as 
L* i.e. they decreased with the rise in 
temperature. Colour change (ΔE), as a 
result of a thermal treatment increased 
with the rise in temperature. Colour 
change was the greatest at 210ºC, and 
it was 51.4 for sapwood and 46.4 for 
heartwood. In the other two treatments 
colour change was also slightly higher 
in sapwood which is a result of the in-
creased wood mass loss.

Positive linear correlation was deter-
mined between hardness and CIELab 
coordinates in the form y=b0+b1x. The 
impact of CIELab coordinates a* and b* 
on the hardness of thermally modified 
oak wood was very weak. Coefficients 
of determination (R2) ranged from 0.145 
to 0.275 for sapwood and from 0.276 

to 0.395 for heartwood. The coordinate 
L* had the greatest impact on hard-
ness which coincides with the results of 
Gonzales-Pena and Halea (2009). Table 
2 shows the values of the coefficients 
of determination between L* and radial 
wood hardness. As shown, coefficients 
of determination for heartwood are high-
er than for sapwood, with the exception 
of the treatment at 210ºC. According to 
the analysis of variance significant differ-
ence was found between radial hardness 
and L* coordinate in all samples.

Taking into account the fact that 
the values of colour difference are only 
slightly different between sapwood 
and heartwood, the impact of colour 
change was investigated for both parts 
of wood together. Colour change ΔE 
had the opposite impact on the radial 
hardness of oak wood to CIELab co-
ordinates. This trend was recorded in 
both heartwood and sapwood. Table 3 
also shows the coefficients of the linear 
equation with the form y=b0+b1x and 
Fig. 3 and Fig. 4 the impact of L* and 
ΔE on the hardness of Sessile oak wood 
thermally modified at 190°C.

Table 1. Brinell hardness of thermally modified Sessile oak wood.

N – number of samples; X – mean, N.mm-2; σ – standard deviation, N.mm-2; V – varia-
tion,%; Max – maximum of values, N.mm-2; Min – minimum of values, N.mm-2.

Heartwood Sapwood Statistical 
parameters Untreated 170ºC 190ºC 210ºC Untreated 170ºC 190ºC 210ºC 

N 24 24 24 24 24 24 24 24 

X 36.1 34.2 31.4 28.4 27.0 24.8 20.9 20.9 

σ 6.63 4.20 5.47 5.06 3.42 3.57 4.30 3.52 

V 18.36 12.26 17.44 17.83 12.65 14.38 20.56 16.83 

Max 48.10 41.00 44.50 41.32 33.18 32.38 34.97 27.00 

Min 26.30 25.10 19.30 19.30 21.30 16.87 14.16 14.45 
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Conclusions

The results obtained in this research 
show that thermal treatment causes a 
reduction in radial hardness of oak wood. 
This change is not significantly different 
between thermal treatments at 210ºC 
and 190ºC, as well as between the un-
treated samples and the ones treated at 
170ºC. This was recorded in both heart-
wood and sapwood.

All the investigated coordinates of 
CIELab system (a*, b* and L*) were  

positive in both untreated and treated 
samples and they mainly decreased  
mainly with a rise in temperature. In 
the analysis of the impact of certain 
coordinates on wood hardness it was 
determined that only lightness (*L) 
has significant impact on it. Positive 
correlation was found between light-
ness and radial hardness. On the other 
hand, the calculated colour change 
(ΔE) had the opposite trend and its val-
ues increased with the rise in tempera-
ture. The analysis of the relationship 

between colour 
change and ra-
dial hardness re-
vealed negative 
linear correlation.

According to 
the results pre-
sented in this 
paper, colour 
change of the 
thermally modi-
fied Sessile oak 
wood can be a 

Table 2. Simple linear regression analysis to estimate Brinell hardness of thermally 
Modified Sessile oak wood using the colour coordinate L*.

n – number of samples; R2 – coefficient determination of model; F – result of Fisher’s test, 
significance at 99% level; model of the form: y = b0 + b1x; Std. error – the standard error 

of the estimate; *significance at 95%.

Temperature 
of treatment Part of wood n R2 F (sig) b0 b1 Std. error 

Sapwood 20 0.425 13.30 - 31.75 + 1.00 2.59 
170ºC 

Heartwood 20 0.522 19.67 - 34.97 + 1.40 2.72 

Sapwood 20 0.494 14.68 - 69.84 + 2.78 3.07 
190ºC 

Heartwood 19 0.565 22.4 - 64.29 + 3.07 3.84 

Sapwood 20 0.423 11.01 - 135.6 + 6.65 4.57 
210ºC 

Heartwood 22 0.250 6.35* - 76.26 + 4.23 4.79 

Table 3. Simple linear regression analysis to estimate Brinell 
hardness of thermally modified Sessile oak wood using colour 

difference (ΔE).

R2 – coefficient determination of model; F – result of Fisher’s test, 
significance at 99% level; model of the form: y = b0 + b1x; Std. error 

– the standard error of the estimate; n – number of samples.

Temperature 
of treatment R2 F (sig) b0 b1 Std. 

error n 

170ºC 0.609 71.8  57.29 - 1.31 3.86 48 

190ºC 0.781 163.98 79.94 - 1.27 3.40 48 

210ºC 0.692 99.12 61.98 - 0.53 2.07 48 
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good indicator of its hardness. The ob-
tained results can be applied in TMW 
production with mainly visually deter-
mined colour, which can significantly 
influence the application of the final 
product.
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Fig. 3. Models for the prediction of TMW hardness (at 190ºC)
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Abstract
Designing the forest road network is a complex and specialized process including route selec-

tion, field investigation, data analyzing, and finally determining the best variant coping with the 
site-specific road locations. The present study was designated to evaluate the existing forest 
road network and to develop the existing forest road network in the mountainous forests, north 
of Iran (Savadkoh district). In order to find appropriate options for road routing, firstly the effec-
tive environmental factors were identified such as slope, aspect and elevation layers. In the next 
step, the Geographic Information System (GIS) was applied to evaluate and develop an existing 
forest road network. The length and density of the existing road network were about 1.75 km 
and 10.14 m.ha-1, respectively. The new variant was developed with regard to forest and physi-
ographic conditions using PEGGER software. The length and density of new variant were 1.38 
km and 8 m.ha-1, respectively. The development of the existing road network has been increased 
the total road density from 10.15 to 18.16 m.ha-1 and also could cover 55.5% of the forest area 
for timber harvesting operations. Approximately, 32.14% total length of the new variant was 
passed on 15–30% slope and 64% of the new variant was passed on 30–60% slope terrains, 
which is more likely to be minimal negative environmental impact. Moreover, the new variant has 
had a better performance than the existing road. The results showed that this method can be 
more helpful and road network can be designed quickly with less cost than traditional method. 
Also, it was confirmed by computer analysis that application of this system at such level can be 
effective in preparation of the optimum routes designing plans.

Key words: environmental impact, forest road network, GIS, PEGGER, Iranian forests.

Introduction

The Caspian forests located in the north 
of Iran cover the north facing slopes of 
the Alborz mountain ranges and are clas-

sified as temperate mountain forests. 
Consistent timber harvesting and protec-
tion of forests and making their direct 
benefits (economic, social, environmen-
tal etc.) (Gumus et al. 2008) available 
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to public, primarily depends on a well ar-
ranged road network and transportation 
plan (Aykut et al. 1998). Forest functions 
are different in each country and depend 
on the culture and social life (Potocnik 
1996), as shown in different studies 
(Hruza 2003, Demir 2007). Forest roads 
are the most important infrastructure for 
forestry operations, but without good 
plan, they could cause technical, econom-
ical and environmental problems (Demir 
and Oztork 2004). Therefore, in many 
studies there are attempts to compare 
the different variants of roads and finally 
to select the best one in order to enhance 
the accessibility of forest areas (Mohajer 
2005). A suitable forest road network is 
necessary first to make a continuous for-
est harvesting and conservation, as well 
to use the direct benefits (Aykut et al. 
1998). Timber harvesting being one of 
the main benefits, needs special atten-
tion during forest road network planning. 
Forest road network parameters change 
with regard to construction location re-
quirements, different terrain conditions, 
particular technologies used and man-
agement activities. These requirements 
and the planning approach have to be 
related to management, economy and 
environmental ecology (Potocnik 1996). 
There are some other important factors 
that should be considered in forest road 
network design such as slope, elevation, 
aspect, type of bed rock, soil permeabil-
ity and tree volume (Hosseini 2003). Not 
only costs has the main role in forest road 
planning, but also there are some other 
important factors, which should be con-
sidered such as forest road distribution, 
landscape patterns, forest hydrological 
role and soil conservation (Heralt 2002). 
The suitable distribution of the forest 
roads makes accessible all parts of the 

forest and thus all the processes like har-
vesting, plantation, silvicultural activities 
etc could be properly managed. The topo-
graphic condition is important not only for 
the design of the forest road network, but 
also can be effective for the forest road 
distribution among villages (ShiLiang et 
al. 2007). Appropriate and optimal distri-
bution of forest road network from both 
economical and environmental viewpoint 
can help to meet the aims for sustain-
able development in forest management. 
A few of studies were conducted on the 
analysis of forest road network in the 
world. For example Akbari (1995) studied 
the existing forest roads in northern Iran 
and reported that the road density was 
11.7 m.ha-1, which was not enough to 
cover all district. Therefore, he proposed 
that road density should be developed to 
16.5 m.ha-1. Naghdi (2004) studied the 
planning of skid trail in planned and un-
planned logging systems in a district in 
Mazandaran Province, nort of Iran, and 
found that the appropriate road density 
was 10.5 m.ha-1. Pulkki (1992) described 
that the optimum road density in the dif-
ferent harvesting methods in Canada (log, 
tree length, whole tree) was 8.3–16.7 
m.ha-1. He stated that optimum skidding 
length was an effective factor on road 
structures. Picman and Pentek (1998) 
in Croatia stated that the optimum road 
density for ground skidding system was 
14.7 m.ha-1. Past studies developed for-
est road network with manual methods, 
while in the last few years the computer 
software and hardware is extensively and 
effectively used for the solutions of com-
plex problem in forest areas, especially 
in the developed countries (Akay 2003, 
Rogers 2005, Demir 2007). Pentek et 
al. (2005) also analyzed the existing for-
est road network in Croatia investigating 
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the mean skidding distance, its costs and 
suitable accessibility using GIS software. 
They showed that the average geometri-
cal mean skidding distance was 158 m 
and the average existing real mean skid-
ding distance was 250 m, whose factors 
of skidding wood assortment was 1.58. 
Today, the concepts like the digital map, 
digital terrain model, geographic infor-
mation systems and the land informa-
tion systems have gained an important 
role in design of the road network (Akay 
2003, Demir and Oztork 2004, Aruga at 
al. 2005). The computer software is ex-
tensively used in many countries of the 
world for design of public and forest road 
networks. Thus, the aim of the present 
study was to investigate the forest road 
network with regard to road density and 
distribution, and to use this planning ap-

proach as a case study. Further, the aim 
was to compare the existing road network 
and new planned road segments accord-
ing to environmental factors, to cover all 
studied district and to compare them by 
applying geographic information system. 

Material and Methods

The study was carried out in a moun-
tain temperate forest district cover-
ing 1722 ha of Mazandaran province, 
north of Iran. The area is located be-
tween 34˚3’40” and 35˚1’00” E, and 
36˚08’00” and 36˚11’40” N (Fig. 1). 
The length of the existing road is 1.71 
km. The road density was obtained re-
fers to reference and road spacing was 
determined as theoretically road density 

Fig. 1. General location of the study area.
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(Backmund 1968) and for the existing 
road it was 10.15 m.ha-1. All road seg-
ments in the study area were recorded 
by reconnaissance using GPS (Garmin 
60CX brand) and study of topographic 
maps. Then, by using Digital Elevation  
Model (DEM) in Geographic Information 
System (GIS), the affecting map factors 
were produced. In fact by using DEM, 
slope, aspect and elevation, also tree vol-

ume (m3.ha-1) maps 
were produced. The 
maps were elabo-
rated by inventory 
data from field 
study. Tree volume 
(m3.ha-1) is one of 
the suitable factors 
for road density. In 
fact, when volume 
is less than 250 
m3.ha-1 appropriate 
road density is 10 
m.ha-1 and when 
volume is more than 
250 m3.ha-1, appro-
priate road density 
is 20 m.ha-1 (Demir 
2007). Majority 
of the study area 
had more than 250 
m3.ha-1 volume. 
Therefore, the dis-
trict studied needs 
about 20 m.ha-1 
road density. After 
determining of 
the existing roads 
(Pentek et al. 2005) 
new road segments 
were designed in 
accordance with 
the management 
plan. At this stage, 

the parameters were slope, aspect, 
stability maps overlaid and the critical 
points based on environmental consid-
erations were determined. At the next 
stage, we tried using PEGGER software 
in GIS environment to propose the new 
variant additional to the existing road, 
which passes more positive and pass 
less negative points.

Fig. 2. Elevation map of the study area.
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Results

To evaluate and de-
velop the existing 
road, firstly the im-
portant maps e.g. 
(aspect, elevation 
and volume) were 
provided in GIS (Fig. 
2, 3 and 4, respec-
tively). In the next 
step, developed and 
existing road start-
ed. As you seen in 
the Fig. 5 the new 
variant has included 
two sections. First 
section is started 
almost in the middle 
of existing road, and 
another is started in 
the end of the exist-
ing road network. 
These two seg-
ments were previ-
ously planned to 
cover the uncovered 
part of the study 
area. Total the 
length of road 510 
km (2.9 km) of the 
existing roads’ lon-
gitudinal slope was 
more than 0–15%, 
while new variants 
do not pass such slopes. 

The proportions of the existing and 
newly planned road network pass-
ing slope of 15–30% were 15.7% and 
32.14%, respectively. Except these, 
69.92% of existing roads and 63.90% 
of newly planned ones passed slopes 
30–60% (Fig. 5 and Table 1). Finally, 
11.47% of the existing roads’ length 
and 3.96% of the new variant roads 

passed slopes more than 60% steep. 
The length and density of the existing 
road network was 1.75 km and 10.14 
m.ha-1, respectively. The new variant de-
veloped the road length to 1.38 m, and 
as consequence, the road density was 8 
m.ha-1. So total road density of the area 
was increased to 18.15 m.ha-1. The to-
tal  percent of road network (both ex-
isting variant and new variant) passing 
slopes of 0–15%, 15–30%, 30–60% 

Fig. 3. Aspect map of study area.
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and > 60% were 1.63%, 22.92%, 
67.29% and 8.16%, respectively.

Discussion

The present study showed that environ-
mental parameters such as longitudinal 
slope, aspect and elevations affected 
significantly the road network planning. 

When tree volume 
was less than 250 
m3.ha-1, appropri-
ate road density 
was 10 m.ha-1 and 
when volume was 
more than 250 
m3.ha-1, appropriate 
road density was 
20 m.ha-1 (Demir 
2007). The existing 
road network plan 
is not capable of ac-
tivating all manage-
ment plan activities 
according to the cal-
culations, moreover 
majority of study 
area has more than 
250 m3.ha-1 tree 
volume, and so the 
existing road den-
sity (10.15 m.ha-1) 
is not enough. If the 
management activi-
ties were carried out 
within the existing 
area, the density of 
forest road network 
would be increased 
only with 18–20 
m.ha-1 or a rate of 
50% (Sobhani and 
Stuart 1991). In 

contrast, the new variant could increase 
the road density from 10.14 to 18.14 
m.ha-1 and cover area by about 55%, 
which is more acceptable (Akbari 1995, 
Lotfalian 2001, Demir 2007). With the 
road network to be constructed, the for-
est will be used in the optimal way and 
through utilization at maximum level, 
could be very beneficial in terms of envi-
ronment. Because, by way of digital ter-

Fig. 4. Volume map of the study area.
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rain modeling and 
assessment of slope 
thereat, the usage 
of a land in an im-
propriate way will 
be prevented and 
besides, the most 
beneficial road will 
have been planned 
in technical, eco-
nomical and ecolog-
ical aspects. As it 
is obvious in Table 
1, the new vari-
ant does not pass 
from 0–15% slope 
because of topo-
graphic condition. 
In fact, there is no 
area with 0–15% 
slope in this sec-
tion of study area 
(Fig. 5). The ar-
eas with 15–30% 
slope have a good 
condition to road 
building and we 
should try to design 
the forest road in 
this slope (Hosseini 
2003). New vari-
ant is passed on 
this segment about 
32.14% more than 
existing road (15.7%), so new variant 
has been a better situation than the ex-
isting road in this segments. We should 
try to design the forest road in the safe 
area and low slope, because, when slope 
increase, not only the cost increase but 
also soil erosion occurs, as well as it 
cause the stability of road reduces (Lioyd 
and Swift 1985). Approximately 63.94% 
and 3.96% of new variant are passed 

on 30–60% and over 60% slopes, re-
spectively. New variant was passed on 
more than 60% slopes less than existing 
road respectively 3.96% and 11.47%. 
In contrast new variant has the better 
design than existing road, which not 
only can cover the most study areas 
but also passed more than existing road 
in the gentle slopes than existing road 
network. Total road network (the exist-

Fig. 5. The existing and new variant roads 
in different slope classes.
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ing and new variants) has 18.14 m.ha-1

road density which is acceptable for 
north forests of Iran (Sobhani and Stuart 
1991, Lotfalian 2001). With propose a 
new variant and passing more in the low 
slopes and avoid from high slopes, now 
total road in 4 classes of slope 0–15%, 
15–30%, 30–60% and more than 60% 
was passed 1.63%, 22.92%, 67.29% 
and 8.16% respectively which has bet-
ter situation than existing road. 

Conclusion

The new forest road network plan was 
achieved by the addition of a total of 
3.13 km forest roads designed for suc-
cessful timber harvesting activities. The 
development of the existing road net-
work increased the total road density 
from 10.14 to 18.14 m.ha-1 and also 
covered 55.5% of the forest area avail-
able for logging. The length of new vari-
ants’ longitudinal slope was more than 
15–30% in about 32% of the cases. 
Comprehensive GIS database and re-
search led to this success. Forest road 
networks aimed at enhancing timber op-

erations must be implemented to meet 
the targets of the management plan. 20 
m.ha-1 road density, which is a conserva-
tive measure need not be a criterion for 
forest network plans. A geographical in-
formation system should be more used 
as a tool for functionally based forest 
road network plans by reason of its geo-
graphical data storage, updating, and 
number of possible analyses.
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Abstract
The aim of the research was to elucidate existing intraspecific polymorphism of Douglas-

fir plantations in Bulgaria and Belarus using Random Amplified Polymorphic DNA (RAPD) 
markers and to estimate genetic similarities and distances. RAPD-primers that reveal high 
polymorphism were selected. Seven Douglas-fir populations from Bulgaria and one from the 
Central Botanical Gardens in Belarus were included in the study, and individual RAPD pat-
terns for 8 primers were obtained. The obtained RAPD-patterns were used to calculate the 
genetic distances among the populations studied.

Key words: Pseudotsuga menziesii (Mirb.) Franco, genetic distance.

Introduction

High volume productivity and rela-
tive resistance to diseases, cold and 
drought of Douglas-fir made it one of 
the most broadly used exotic conifer-
ous species in Europe. The introduction 
of Douglas-fir in Bulgaria for afforesta-
tion started at the beginning of the last 
century and nowadays the plantations 
occupy 6,714 hectares. In Belarus, the 
species was not widely used but also 
showed good growth and resistance to 
frost and diseases. The origin of almost 
all of the established plantations is un-

known in both countries, except that 
of provenance tests in Bulgaria.

The aim of the present study was to 
examine existing intraspecific polymor-
phism of Douglas-fir plantations in Bul-
garia and Belarus using Random Ampli-
fied Polymorphic DNA markers and to es-
timate genetic similarities and distances.

Materials and Methods

The plantations, from which samples 
have been collected, can be grouped as 
follows:
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1. Provenance experimental planta-
tions in Bulgaria established in the for-
est services of Kostenets and Kyustendil 
with known origin (Table 1 and Figure 
1). The plantations are 20 year old and 
have been established with seedlings 
produced from seeds supplied by the Na-
tional tree seed laboratory of the USA.

2. Plantations and groups of trees 
in Bulgaria and Belarus showing stable 
growth and health status without infor-
mation about their origin (Table 1).

Total genomic DNA was extracted 
from Douglas-fir needles in liquid ni-
trogen using standard CTAB protocol 
(Dreiper et al. 1991). DNA concentration 
and purity was estimated using the Agi-
lent 8453 spectrophotometer.

Polymerase chain reaction (PCR) mix-
ture to amplify RAPD fragments (25 µl) 
contained 0.2 мМ dNTP (Fermentas); 1× 
Taq-polymerase buffer (Fermentas); 3.5 
мМ MgCl2 (Fermentas); 10 pmol primer; 
1.5 U Taq- polymerase (Fermentas); 50 
ng DNA. PCR was carried out in Mas-
tercycler personal thermocycler (Eppen-
dorf), using an initial “hot start” of 94оС 
for 4 min, followed by 44 cycles of 1 
min at 94оС, 1 min at 38–40оС, and 2 
min at 72оС, and terminated with a final 
extension at 72оС for 8 min.

Amplified fragments were resolved 
on 2% agarose gel in 1× TAE (tris-ace-
tic acid-EDTA) buffer with ethidium bro-
mide solution (final concentration – 0.5 
µg.ml-1) (Maniatis et al. 1982).

Provenance 
number or 

name 

Seed 
zone 

Origin (region and 
state in the USA) Latitude Longitude Elevation, 

m Location 

5 403 Newhalem, 
Washington 48o5’ 121o5’ 500 

Bulgaria, State 
forest enterprise 

Kostenets 

6 403 Darrington, 
Washington 48o0’ 121o5’ 1167 

Bulgaria, State 
hunting enterprise 

Kyustendi 

19 661 Parkdale, Oregon 45o5’ 121o5’ 900 
Bulgaria, State 

forest enterprise 
Kostenets 

23 a 482 Bates, Oregon 45o0’ 118o5’ 1333 
Bulgaria, State 

forest enterprise 
Kostenets 

23 b 482 Bates, Oregon 45o0’ 118o5’ 1333 
Bulgaria, State 

forest enterprise 
Kyustendil 

Minsk  Unknown – – – Minsk Belarus, CBG 
of NAS of Belarus 

White 
water 

 Unknown – – 1400 
Bulgaria, State 

hunting enterprise 
Alabak 

Shipka  Unknown – – 800 
Bulgaria, State 

forest enterprise 
Kazanlak 

Table 1. The origin of Pseudotsuga menziesii (Mirb.) Franco.
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Gels were visualized in transillumi-
nator (Hoefer) and photographed. DNA 
banding patterns sizes were scored us-
ing the Phoretics™ 1D program (version 
2003.02, Nonlinear Dynamics Ltd). 
Only distinct, discrete bands were used 
for analysis. A 100 kb DNA ladder (Fer-
mentas) was used as molecular weight 
standard.

All analyses were repeated at least 
three times. Multilocus genetic profiles 
were composed for each tree using 
binary scores (1 – presence, and 0 – 
absence of a RAPD fragment, respec-
tively). The MS Excel program was used 
to estimate parameters of diversity and 
differentiation between different sam-
ples.

The ability of the most informative 
primers to distinguish Douglas-fir sam-
ples was assessed by calculating their 

resolving power (Rp) according to Gil-
bert et al. (1999):

Rp = ΣIb,
where Ib = 1 – (2 × |0.5 – p|), p 

– proportion of trees containing the cer-
tain fragment (Gilbert et al. 1999).

The genetic similarity between dif-
ferent samples (S) were estimated us-
ing the PHYLIP v. 3.63 program and 
formula by Nei and Li (1979):

S = 2a (2a+b+c)-1,
where а – number of fragments am-

plified (shared) in both individual trees or 
samples 1 and 2; b – number of fragments 
amplified in tree or sample 1 but not in 2; 
c - number of fragments amplified in tree 
or sample 2 but not in 1 (Debnath 2007, 
Nei and Li 1979). From genetic similarity 
coefficients (S) the genetic distances ma-
trixes were obtained. The similarity matrix 
was used as input data for cluster analy-

Fig. 1. Geographic location of Douglas-fir seed parents in Oregon 
and Washington (USA) used for provenance tests in Bulgaria.
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sis using unweighted pair-group method 
with arithmetic averages (UPGMA), and 
the resulted dendrograms were drawn. 
To evaluate the robustness of the group-
ings formed, the binary data set was sub-
jected to bootstrap using the TREECON 
software program.

Results and Discussion

RAPD-primers that reveal higher level 
polymorphism were selected. We test-
ed 10 different primers developed by 
University of British Columbia (Canada) 
and successfully used for Douglas-
fir population polymorphism analyses 
(Aagaard et al. 1998a, 1998b). From 
10 primers tested, eight (UBC-234, 
-328, -336, -460, -570, -504, -330, 
-428) amplified discrete RAPD products 
and were used for further work.

The selected primers’ characteristics 
are presented in Table 2. Seven Doug-

las-fir populations from Bulgaria and one 
from Belarus were studied, and individ-
ual RAPD patterns were obtained for 8 
primers.

The amplicon sizes were in the range 
of 320-2000 bp. Amplicon number var-
ied from 11 to 4 depending on a prim-
er. The maximum number of polymor-
phic bands (8) was generated by the 
UBC336 primer, and minimum (3) – by 
the UBC570 and UBC428 primers, the 
average number of polymorphic loci per 
primer was five.

The ability of 8 most informative prim-
ers to distinguish between Douglas-fir 
genotypes was assessed by calculating 
Resolving power (Rp) parameter for each 
primer according to Gilbert et al. (1999). 
The Rp value was varied from 1.3 (for the 
UBC428 primer) to 5.0 (for the UBC330 
and UBC336 primers) (Table 2).

We revealed 58 amplicons: 40 poly-
morphic (69%) and 18 monomorphic 
(31%), identified in all Douglas-fir gen-

Table 2. RAPD-primer names and sequences PCR amplified in Douglas-fir samples, the 
number of polymorphic, monomorphic and unique fragments per primer, the fragment 

(amplicon) size in base pairs (bp) and Resolving power (Rp) for all primers.

Primer 
Sequence 

(5´-3´) 
Total 

fragments 

Monomo-
rphic 

fragments 

Polymorphic 
fragments 

Unique 
fragments 

Fragment 
size range 

(bp) 

Resolving 
power 
(Rp) 

UBC 234 TCCACGGACG 8 3 5 0 400–2000 3.5 

UBC 328 ATGGCCTTAC 7 3 4 1 400–1200 2.3 

UBC 336 GCCACGGAGA 10 2 8 1 320–900 5.0 

UBC 460 ACTGACCGGC 11 6 5 0 350–1200 3.5 

UBC 570 GGCCGCTAAT 5 2 3 0 420–900 1.5 

UBC 504 ACCGTGCGTC 5 0 5 0 450–1200 3.0 

UBC 330 GGTGGTTTCC 8 1 7 1 480–900 5.0 

UBC 428 GGCTGCGGTA 4 1 3 0 900–1300 1.3 
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otype profiles (patterns) that can con-
sidered as species specific markers for 
Pseudotsuga menziesii. Some primers 
amplified unique sample specific frag-
ments: 450 bp fragment in “Shipka” 
(amplified by the UBC328 primer), 600 
bp (UBC336) and 610 bp (UBC330) in 
“Bates No 23b”. This unique amplicons 
can be used for individual Douglas-fir 
genotypes identification. Douglas-fir 
total DNA amplification results with 
UBC570 and UBC504 primers are pre-
sented by Figure 2.

The binary (presence-absence) matrix 
of was inferred from the RAPD-pattern 
assuming that amplicons of the same 
size represent the same RAPD loci. Ge-
netic patterns were compared between 
individual trees and samples. The genetic 
similarity and distance coefficients were 
calculated following the formula sug-
gested by Nei and Li (1979) (Table 3).

The maximum genetic distance of 
0.1895 was between Bates No 23a 
and No 19 
samples (Bul-
garia). The 
minimal ge-
netic distance 
of 0.0310 
was between 
P a r k d a l e 
No 19 and 
N e w h a l e m 
No 5 sam-
ples based 
on 58 RAPD 
loci. Genetic 
distances be-
tween the 
Central Botan-
ical Gardens 
of NAS of Be-
larus popula-

tions and Bulgarian samples were within 
the 0.0855–0.126 range (Table 3).

Dendrograms representing phyloge-
netic relationships between Douglas-
fir samples were generated using the 
UPGMA cluster analysis based on the 
similarity matrices and the Treecon pro-
gram (Fig. 3). Darrington No 6, White 
water, Parkdale No 19 and Newhalem 
No 5 formed one cluster (A) in the den-
drogram. Shipka and CBG of NAS of Be-
larus samples were placed next to this 
cluster. Bates No 23b and Bates No 23a 
samples formed a separate group in this 
dendrogram (cluster B). Bates 23 sam-
ples representing provenance from Or-
egon had shown low indexes of growth 
capacity and health status in previous 
assessments (Popov 1996, Georgieva 
2009). Big differences were found be-
tween Bates 23 and the provenances 
from Cascade Range and coast range in 
terms of growth and disease resistance.

Numbers at the nodes are bootstrap 

Fig. 2. RAPD pattern of Douglas-fir genotypes amplified using the 
UBC570 and the UBC504 primers.
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values (%) obtained from 1000 repli-
cate analyses.

In conclusion, RAPD- analysis on 8 
primers and 58 loci allowed to differen-

tiate Douglas-fir in Bulgaria from Belarus 
samples. Primers selected in this study 
can be used in further studies of Doug-
las-fir polymorphism.

Fig. 3. Unweighted pair-group method with arithmetic averages (UPGMA) dendrogram 
based on similarity matrix between Douglas-fir samples.

Table 3. Matrix of the genetic distance coefficients (Nei and Li 1979) 
for eight Douglas-fir samples based on the RAPD genotypes.

 1 2 3 4 5 6 7 8 

1 0.0000        

2 0.1296 0.0000       

3 0.1142 0.0685 0.0000      

4 0.1194 0.1705 0.1895 0.0000     

5 0.0946 0.1446 0.1789 0.0310 0.0000    

6 0.1102 0.1444 0.1446 0.0932 0.0833 0.0000   

7 0.0855 0.1442 0.1161 0.0598 0.0733 0.0644 0.0000  

8 0.1050 0.1395 0.1395 0.0520 0.0537 0.0568 0.0489 0.0000 

Samples: 1 – Central Botanical Gardens of NAS of Belarus; 2 – Bates No 23b; 3 – Bates 
No 23a; 4 – Parkdale No 19; 5 – Newhalem No 5; 6 – Shipka (40 years); 7 – Darrington No 
6; 8 – White water.
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Abstract
Using Remote Sensing and GIS technologies as an aid for creating database for the den-

drarium in the Тraining and Experimental Forest Range “Petrohan” is the focus of discussion 
in the paper. The cardinal study goal is illustrating a concrete instance of applying GIS tech-
nology in the landscape architecture survey. This paper describs the methodology of vegeta-
tion mapping using traditional method combined with remote sensing data. Creating graphi-
cal and attribute table databases is also useful in the education of students in the University 
of Forestry in Sofia. Making semester projects in academic discipline “Dendrology” the stu-
dents have to learn and analyze the features of trees and shrubs. GIS software provids the 
capability to analyze large data sets containing features of coniferous and deciduous trees 
and shrubs in the dendrarium. In the other hand the purpose of the development of the veg-
etation mapping methodology is to provide an objective and cost-effective survey method 
utilizing satellite remote sensing for the vegetation mapping. Overall, these results confirm 
that satellite imagery data coupled with field observations and direct measurements can be 
used effectively for precise mapping of trees and shrubs.The result of the analysis shows 
that image objects extracted from satellite data provide a new opportunity to make detailed 
inventory maps of ornamental vegetation in parks. In such cases, it is imperative that such 
exploration technologies should be used, which are cost effective and provide greater accu-
racy. An integrated approach of remote sensing and GIS technologies can just suffice these 
requirements during exploratory efforts in difficult terrains.

Key words: satellite image, mapping, vegetation, coniferous, deciduous.

Introduction

Detailed mapping of tree and shrub 
species is often required in various 
landscape architecture design projects. 
This paper illustrates a concrete in-
stance of the vegetation mapping us-
ing Google Earth Satellite Database, 
assuming the future use of satellite im-

agery data for the vegetation inventory 
information acquisition. A key require-
ment for the effective inventory of or-
namental plants is the accuracy. Hand-
mapping in the field is a technique 
commonly used in practice, but is inac-
curate. In addition hand-mapping from 
field observation requires access to the 
site from the ground and visibility, a 
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condition that does not exists always, 
especially on a very steep ground and 
in the presence of closely planted trees 
and bushes. Then measurement of dis-
tances is extremely time-intensive and 
often necessitates a large number of 
linear measurements. Because of these 
constraints, hand mapping is usually 
done on an as-needed basis, and com-
prehensive map that would support 
data base is done after taking dimen-
sions of the terrain. There is need, 
therefore, to develop repeatable and 
reliable techniques for successive field 
and computer work, which allows map-
ping the vegetation objects, which can 
be accomplished using more conven-
tional methods.

This study tested the suitability of 
the satellite imagery for improved map-
ping of plants in the parks. This work 
will be useful in future decisions about 
methods for detailed mapping of veg-
etation.

The objective of the investigation 
was to make a detailed dendrological 
inventory. The information it has pro-
vided might be useful insofar as direct-
ing future surveys or design projects. 
The graphical output serves as a basic 
plan to assess future activities in the 
park. The goals of this project were to 
map the spatial location of ornamental 
plants in the study area and to test the 
efficacy of satellite imagery for plant 
mapping.

Resolution of Google Earth data is 
about 1.00 m and provides enough in-
formation for distinguishing the majority 
of the trees. On the other hand, Google 
Earth imagery provides useful informa-
tion such as diameters of the crowns. 
Therefore it is suitable for delineating 
trees in a quite precise manner.

Material and Methods

In this study, a detailed mapping from 
actual satellite data was conducted for 
a specific park area. The dendrarium in 
the Тraining and Experimental Forest 
Range “Petrohan” near the village of 
Barzia was chosen for the study area. 
According to (Kuneva et al. 2009) this 
area is characterized by a rich species 
diversity of trees and shrubs and dense 
wood massifs. The ground in the area 
is characterized by displacement and 
slope configuration by (Destan 2007).

Technical objectives of the research 
are:

– to conduct the inventory in a way 
that all trees and shrubs occurring at the 
park are documented with their location 
and size in a scientifically credible man-
ner; 

– to develop methodology to accu-
rately identify the location of ornamen-
tal park vegetation using satellite image-
ry, image-editing software and graphic 
software;

– to test methodology in a study area 
marked by difficult access of terrain and 
dense vegetation within the AutoCAD 
environment;

– to assess the accuracy of the map-
ping.

For this study, traditional methods 
by (Rangelov 2003) were used in the 
beginning of the field work for initially 
mapping of the terrain data, which was 
recorded in a sketch and then trans-
ferred to the digital format. According 
to (Asenova 2009) the multispectral 
satellite data with a spatial resolu-
tion of 1.00 m allows identification of 
quite a number of vegetation objects 
and amend their location and size at a 
drawing.
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The sketch-map was created for use 
as a tentative set. Using a combination 
of field photos and field notes hand-
mapped trees, shrubs and massifs were 
adjusted  on the display of the image 
data. Using distinguished and adjusted 
trees as pickets were conducted direct 
measurements in the field and small 
trees and shrubs were fixed in the draw-
ing.

The final product was derived from 
the Google Earth data after conducting 
the field work and after some amend-
ments in the drawing. This product will 
allow the resource manager of the park 
to make up to date, well informed man-
agement decisions with a detailed veg-
etation map in a relevant and efficient 
timeframe.

A detailed drawing for the plants is 
created in three stages. The investi-
gation started with drawing up a field 
sketching map produced for the park 
including areas managed as a dendrar-
ium. The investigation used standard 
floristic inventory procedures to iden-
tify and document all 116 plant spe-
cies observed. Location of the existing 
plants was judged by sight at first and 
was recorded as coniferous and decidu-
ous trees or shrubs. The locations were 
marked in the geodetic survey as points 
(for the ornamental trees) or as poly-
gons (for woodlands and shrubs). The 
geodetic survey was updated and made 
more precise prior to conducting the 
first stage of field work at the park. The 
primary purpose of the conducted field 
inventory is to create a field sketching 
map, and also verify the current pres-
ence of already-documented species, 
provide information on relative abun-
dance, provide distribution information 
on endangered or threatened species 

or species of concern. Positions of the 
plants on the sketching map were fixed 
by traditional methods, i.e. approxi-
mately. The vegetation of the sketch-
map has been scanned and processed in 
a digitized form. The trees were deline-
ated over the drawing like points and 
the shrubs – like polygons.

Results and Discussion

The study starts with the image con-
version in derivative formats for CAD 
software, which allow to insert it into 
AutoCAD where is possible to deline-
ate image objects. The conversion was 
done using image processing software. 
The satellite photo was not put under 
geometrical rectification. This was equil-
ibrated with just a little deformation of 
the image in order to coinciding with the 
geodetic cadastre. The satellite photo 
was used for this study as a technical 
aid. Its purpose is to provide pickets for 
the following stage of work – detailed 
field observations. At this stage, using 
an electronic ranger had been fixed po-
sitions of small trees and shrubs toward 
amended by satellite photo trees. Image 
insertion implemented in the AutoCAD 
was used to improve and to specify the 
field sketching map.

The image was converted to a deriv-
ative format for AutoCAD and used to 
rectification of the location and size of 
the distinguished tree crowns. Thus the 
draft of vegetation map was obtained 
and was finalized and supplemented 
by subsequent field surveys (field ob-
servations and direct measurements). 
The map compilation took into account 
massifs and single trees conducted in 
the area. The method permitted to de-
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lineate areas of conifers and deciduous 
woodlands on an extremely steep and 
difficult of access terrain, and to iden-
tify precise location and size of many 
individual tree crowns.

Many image objects at this zoom lev-
el correspond to individual tree crowns, 
as well as other spatial objects includ-
ing roofs of buildings, walks, retain-
ing walls, etc. Some of the shrubs are 
smaller than the individual pixels. A re-
search question is how to determine an 
optimal zoom level for identification of 
individual plants.

The purpose of the work was to ob-
tain sound information on the locations 
and real sizes of the trees and shrubs 
in a digitized form. The initial objective 
was to travel all over the entire territory 
of the dendrarium, and to draw up a 
sketch of the existing vegetation over 
the geodetic survey.

Each graphical object in the hand 
made sketch needs to be amended, in 
accordance with the image (Figure 1). 
Some image objects in this study were 
relatively easy to be identified based on 
the spectral properties, and others are 
difficult to be determined only by the 
contextual information such as rela-
tive sizes, spatial relationships, texture, 
and so on. The Google Earth data used 
in this study was taken in spring, and 
vegetation–covered and non-vegetation 
areas were spectrally distinctive on the 
imagery. Among the conifer and de-
ciduous trees, and grass areas showed 
relatively distinctive spectral properties 
on the photo so that their identification 
were easier after an arbitrarily varia-
tion of their color adjustment. On the 
contrary, instances of some vegetation 
classes were difficult to distinguish from 
other vegetation classes. For instance, 

some trees (both coniferous and decidu-
ous) with loose crowns are very difficult 
to identify, but they cast clearly visible 
shadows on the ground so that property 
must be used for the determination rule. 
For distinguishing deciduous from conif-
erous trees, texture information of im-
age objects appears to be useful. Sizes 
and shapes of image objects were also 
useful properties for distinguishing some 
trees such as high specimens with large 
crowns from others. Figure 2 shows a 
precise drawing illustrating conifer and 
deciduous trees as well as decorative 
shrubs within the dendrarium. Figure 
3 shows developed GIS database con-
cerning detailed graphical and attribute 
information for the dendrarium territory.

In comparison with traditional inven-
tory methods the remote sensing data 
tend to produce better results represent-
ing vegetation cover. In the case of veg-
etation mapping using very high resolu-
tion satellite data, the results are useful 
in combination with traditional methods 
results, because the image provides ad-
ditional information about the location 
and size of trees in the image objects 
delineated by the sketch. Anyhow some 
gaps in the drawing come into sight dur-
ing the drawing amendment. To recti-
fy these gaps, additional field work is 
needed, with an electronic telemeter.

Conclusions

Traditional methods for large scale veg-
etation mapping require expensive time 
intensive field surveys. The use of re-
motely sensed, high resolution, mul-
tispectral data for mapping vegetation 
provides a detailed, accurate product in 
a time and cost effective manner. For 
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this project, applying a hybrid approach 
was developed a plant inventory map 
using imagery data.

The result of the hybrid approach 
and using Google Earth data in this 

study suggests that Google Earth data 
would be a useful additional informa-
tion source for the vegetation mapping 
for the landscape architecture design 
projects.

Fig. 1. Amendment of the drawing.
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Fig. 2. Dendrological drawing of the object.

Fig. 3. GIS database for the dendrarium.
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Very high-resolution satellite images 
are a useful information source for veg-
etation mapping, which is part of the 
design project data set.

Through this project, the spatial 
distribution of ornamental plants was 
mapped at a famous Bulgarian park in 
digital format. 

The information collected through 
this effort will:

–	 increase the ability of landscape 
architects to analyze and map plants 
and non vegetative elements of the 
parks;

–	 serve as a baseline for long-term 
monitoring, assist with the characteris-
tics of changes in parks over time and 
detect new elements there.

In addition, the data collected 
through this study will provide the basis 
for a plant inventory plan for the den-
drarium in the Тraining and Experimen-
tal Forest Range “Petrohan” near the 
village of Barzia. This study shows that 
ornamental plants in the parks can suc-
cessfully be mapped using satellite data 
and conventional methods. These tech-
niques show promise as useful tools for 

vegetation inventory. This is especially 
applicable in the landscape architecture 
design projects because spatial extents 
and distribution of existing vegetation 
is very important and define the future 
plant composition of the parks.
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Abstract
Visual impact of forest landscapes is the focus of discussion in the paper. Their influ-

ence on passengers and onlookers sidelong roadways and trails is described in detail. A 
great number of practical examples have been examined with the purpose of drawing some 
general conclusions from this problem to the advantage of landscape design practice. The 
result of the analysis shows different degree of landscape damages visual impact over the 
observers. Using color photographs and taxation indices for the same forest stands the 
survey concludes that from the standpoint of aesthetics or recreation value forest products 
such as scenic beauty can be assessed either with psychophysical measurement procedures 
or with taxation indices of the forest subdivisions. Two such procedures are compared for 
convergence. The methods gave similar results with respect to their theoretical foundations 
and their independently derived scenic beauty metrics. It is hoped that the comparison of 
these procedures will facilitate needed discussion on their appropriateness and usefulness in 
multiple use forest management and planning efforts.

Key words: perception, forest landscapes, visual impact, design project, scenic beauty, aesthetics, 
landscape preferences.

Introduction

Every model of visual preference must 
be set within its theoretical context. 
The author believes that individuals 
have shifting visual preferences and 
that the judgments which people make 
are principally colored by their cultural 
background, active purpose and geogra-
phy. The idea of a universal all-purpose 
all-condition preference scale seems to 
be an empty one.

The cultural context question was well 
stated by Kluckhohn and Murray (1967): 

“Every person is like all other persons and 
very person is like some other persons, 
and every person is like no other per-
sons”. The simultaneity is important.

Material and Methods

The research approach for identifying 
indicators and criteria for visual assess-
ment of landscapes have to include de-
tailed study of past research.

Visual perception of landscape ac-
companies all recreational activities 
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and proper assessment of the aesthet-
ic qualities of great importance for the 
organization of leisure, especially in 
mountainous forest regions. „Only in 
the mountains covered with forests one 
can admire beautiful natural landscapes 
that provide aesthetic delight the eye 
of the observer and make people even 
more to love nature and mountains. For-
ests are giving life to the mountains.“ 
(Tamamdzhiev 1940).

According to Destan (2001) forest 
landscapes should be regarded as a 
recreational resource and as such it is 
variable to be considered in decisions on 
land use.

Shafer and Brush (1977) claim that 
aesthetic qualities and beauty of the 
landscape are subjective categories 
and each person has their own opinion 
about them, but because people have 
a common evolutionary history and 
under the hypothesis of biofilia, feel-
ing for nature is one of their innate in-
stincts and genetically they are prone 
to exhibit preference for certain visual 
qualities of landscapes. Stoycheva and 
Tzolova (2001) and many other authors 
have tried to identify the specific prefer-
ences of the people and their criteria for 
picturesqueness and attractiveness of 
the landscape. It can be said that in our 
country there is a theoretical vacuum, 
but current research and practical devel-
opments are not particularly successful.

This study seeks to determine what 
exactly generates the attractiveness 
and the attractiveness of the landscape 
in forests and meadows and to assess 
the visual impact that specific forest 
landscapes have on the people.

According to Helliwell (1984) as-
sessment of the landscape is individual 
and depends on personal taste and ex-

perience of the observer, but there are 
some basic rules for unity in the compo-
sition that have survived from ancient 
Greece. He believes that the lack of 
unity in the face of deteriorating qual-
ity of its landscape, because scattered 
and unrelated elements bring confu-
sion in visual perception. Disparate el-
ements also create confusing diversity 
and viewed within seconds while they 
create an unpleasant visual impres-
sion. The design according the author 
has three stages: creation of a balanced 
landscape with simple forms, combin-
ing elements and arrangement of plants 
in accordance with the environment 
without occasional contrasts of colors, 
shapes and habit.

Seung-Bin (1984) develops a scien-
tific approach to the use of visual pref-
erences of people in urban design. In 
the method applied by him called „as-
sessment the beauty of the view“ core 
elements that form people‘s preferences 
are the slope of the terrain, the vertical 
impact of building volume and degree of 
plant coverage.

According to the majority of authors 
most impact on human perceptions 
have shaped and sized forming plants 
that form forest landscapes. They cre-
ate a general impression, but mainly in 
the detail are essential contours, colors, 
scents and even sounds that are char-
acteristic of forest vegetation. Tere 
have also been made numerous sur-
veys. Ulrich (1986) explores such psy-
chological reactions in human compre-
hension of vegetation in the landscape 
and found that trees with thick stems 
and crowns are perceived positively 
by the observer, while those with thin 
stems and crowns developed only cre-
ate bad feelings. Same opinion supports 
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Brivot (1982), regarding „... mighty old 
trees, their crowns are spread of tens 
of meters and attracts their shade in 
summer, while the effect of the game 
of light and shadow in their crown is 
an outstanding ...“. There have been 
shown particularly spectacular speci-
mens of various types, including forms 
of weeping beech. General rule the au-
thor is that the viewer should be given 
the opportunity to fully enjoy the mag-
nificence of old trees, so they advised 
to leave in small groups where they can 
be the dominant element, and before 
them in all cases have a large open 
area. Veer (1986) considered „valu-
able vision“ that all wood specimens 
are distinguished from others by high-
lighting the qualities decorated (most-
ly habit and beautiful crown) and the 
mapping out of 210,000 trees. Lewis 
(1973) and Sorensen (1982) highlight 
the decorative features of the bark of 
trees. Barely noticeable in other sea-
sons, larval bark of trees is a major 
decorative element after defoliation in 
winter and especially in the morning 
and in the evening if sunbeams fall be-
low  lower angle and directly illuminate 
the tree trunks. The number of species 
whose bark is quite impressive is sig-
nificant. Especially rich in this respect 
is a kind of Betula. Its representatives 
are suitable for almost all soils and cli-
matic regions, making them versatile 
element in the landscape. White Pine is 
also mentioned as a species with spec-
tacular bark. Stoycheva and Kabatli-
yska (2002) attempted to identify the 
total number of colors in the landscape 
that are seen by most visitors. Kouneva 
et al. (2009) have focused in their re-
search mainly on the yellow hues of the 
vegetation in the landscape, describing 

a number of plants and their blooms 
during the period of performance, es-
pecially when planted in lit places. In 
the study of Breton (1981) has been 
investigated in more detail the issue of 
the nuance of the autumn wood-bush 
vegetation. They considered that a 
number of deciduous species in autumn 
become with extremely beautiful color 
of their leaves. These include beech 
and aspen, which are indigenous spe-
cies in mountain regions and this gives 
reason to consider enhancing their par-
ticipation in the outskirts of pure coni-
fer plantations. Another possibility to 
diversify the periphery of the array is 
the planting of flowering tree species. 
Rangelov (2007) estimated high beauty 
and diversity resulting from the spring 
flowering trees and shrubs in the forest 
landscape. The same notes Kabatliys-
ka (2007) determining that people are 
not impressed by some of the colors 
that make up the natural background in 
parks or in the landscape, namely blue, 
green and brown. Emotional impact 
of the white color of flowering trees 
and shrubs depends on surrounding 
objects. This impact is positive when 
it is white in combination with pale 
colors, but with bright and dark colors, 
it manifests itself in strong and strik-
ing contrasts that can cause fatigue. 
White colors on cloudy days make the 
landscapes more bright and pleasant. 
Another source of vivid effects in the 
forest landscape have the fruit colors 
of ornamental trees and shrubs. This 
aspect was studied by Vandevelde-
Dassonville (1982). She described 
many species, some of which are 
frost-resistant and could be used in the 
mountain areas. Among these series 
of publications dealing with differenti-
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ated sensory feelings of people for the 
landscape should be mentioned and 
that of Quellet (1982). It indicates a 
favorable impact on human health and 
spirits, which have aromas emanating 
from certain trees, shrubs, grasses and 
flowers. There exist conditions for the 
development of so-called „aroma“ as 
part of the phytotherapy.

Significant theoretical contribution to 
the development of the issue of visu-
al assessment of the landscape is the 
study of Kurbatov (1988). He struc-
tured a set of visual characteristics and 
created a system of six indicators for 
evaluation including: size and size scale; 
canopy; configuration, visual barriers, 
visual magic tricks. Visual perception of 
the landscape by the author is a func-
tion of the plastic structure of the ter-
rain and vegetation.

The Directives in respect of forest 
landscape design developed by the For-
estry Commision (1994) recommended 
the design process to start with an as-
sessment of the landscape as the main 
criterion to be visible, and those sectors 
which can be seen from most locations 
receive the highest score.

In the method of Shafer et al. (1969) 
for determining psychophysical prefer-
ences of people towards landscape key 
indicators are perimeter and area of dis-
tribution of its features, and more pre-
cisely – the correlations between these 
variables. A similar approach applied 
Petrov and Velchev (1980) in the defini-
tion of „factor of landscape diversity”, 
only that they use the perimeters and 
areas of individual units.

Buhyoff (1986) developed statistical 
models for predicting the beauty of sight 
to the trees and within them. The same 
issue is addressed by Colvin (1973). He 

introduces an indicator called „sculpture 
of the green forms“ which examines the 
spatial structure of tree-distances, but 
uses only visual criteria.

Brown and Daniel (1986) determine 
the aesthetic value of tree-distances us-
ing data from forest taxation. In their 
method landscape value is increased by 
the presence of highest trees, the exist-
ence of a group structure, the absence 
of fallen and rotting trees, and the exist-
ence of „living“ soil cover.

To determine the aesthetic value 
of forest landscapes is developed the 
method of Daniel and Vining (1983), 
where subject to an assessment is the 
vegetation visual diversity.

Scales of aesthetic landscape as-
sessments have been developed by 
Briggs and France (1980), which are 
based on: location and forms of relief, 
a combination of volumes and plant 
groups. Eringis and Budryunas (1975) 
use the following indicators: total grav-
ity landscape; expression of relief, spa-
tial diversity of vegetation, diversity and 
relevance of anthropogenic sites. 

Bulev (1977) carried out an assess-
ment of the aesthetic environment at 
regional level and local level. Indicators 
used include: relief conditions; mosaic 
pattern of vegetation, visual spatial rela-
tionships, architectural landmarks, pro-
tected natural areas and others.

Orland (1994) and a number of other 
authors used computer simulations of 
landscapes for their aesthetic evalua-
tion.

In conclusion we can say that the at-
tempts made to establish the psycho-
logical effects of different categories of 
visitors to the compositional elements 
and environmental conditions for re-
laxation (volume plant, flowers, water 
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areas, architectural park elements, open 
spaces, panoramic views, etc.) have 
not made generally valid findings, it is 
impossible to formulate what all peo-
ple can subjectively like in one place. 
However it seems pretty clear, how the 
landscape image remains in their minds, 
namely through visual memories for ex-
pression of relief, herbal and other natu-
ral and anthropogenic components of 
landscapes.

Conclusions

In conclusion we can say that the at-
tempts made to establish the psycho-
logical effects of different categories 
of visitors to the compositional ele-
ments and environmental conditions 
for relaxation (for instance: plant ca-
pacities, flowers, water areas, archi-
tectural garden elements, open spac-
es, panoramic views, etc.) have not 
been made generally valid findings till 
now, because it is impossible to for-
mulate what all people can subjective-
ly like in a place. Seems pretty clear, 
however, how the image of the land-
scape remains in their minds, namely 
through visual memories for expres-
sion of relief, herbal and other natu-
ral and anthropogenic components of 
landscapes.
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Abstract
Distance measurements feature an inextricable section of applied forestry science from 

the Forester engineer and concern a great variety of technical procedures. In nowadays 
the technological explosion of surveying instruments make these measurements a matter 
of seconds and even faster. Also, new alternative measurements are considered, such as 
reflectorless measurements, a function that is offered by most geodetic total stations. The 
range and accuracy of this function type is different and depends on the type of the total sta-
tion. However, not sufficient attention has been given to the many error sources contributing 
to the uncertainty of such measurements and especially the quality of each measurement. 
Among others, the type and the colour of the material are considered as very important pa-
rameters for errors in distance measurements. The aim of this study is to determine the influ-
ence of the type of the material and colour to the quality of distance measurements using the 
total stations reflectorless ability. Therefore, experiments were carried out using 8 different 
types of materials or colours and Trimble 5605DR+ long range total station.

Key words: distance measurements reliability, forest land survey, reflectorless total station.

Introduction

In everyday scientific and professional 
activity of forester engineer, the surface 
distance measurements are a very im-
portant part of the Applied Science of 
Forestry for a wide variety of complex 
technical projects and processes such 
as, forest cadastre, surveying, forest 
alignments and torrent control works, 
roads, reforestation, rehabilitation of 

quarries, geodata collection for forestal 
and environmental studies, and others. 
The rapid technological development of 
surveying instruments, allows the devel-
opment of new alternative methods of 
distance measurements, based on the 
possibility of measurement without us-
ing a prism reflector, which is very useful 
and even necessary in some cases, in the 
difficult and complex mountainous forest 
environment. The major advantages of 
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reflectorless distance measurement are 
(Amann et al. 2001, Fidera et al. 2004, 
Lambrou and Pantazis 2006): 1) Ability 
to measure points which are inaccessible 
or very difficult to approach or with high 
risk to approach, points (slided embank-
ments, quarries and mines); 2) Possibility 
to measure points in low light environ-
ments; 3) Possibility to measure points 
in monuments – protected areas without 
any damage; 4) Reduction of staff which 
perform measurements; 5) Reduction of 
measurement time and considerable pre-
cision in points detection.

Material and Methods

The process of measurements took place 
outdoors in premeasured control points 
created to adapt the experiment. The 
measurements were conducted under 
good conditions, with visibility >20Km, 
slightly overcast, no heat, moderate 
wind and ensured direction of the sun 
i.e. sun was not opposed. Also, knowing 
the nominal value of the distance and in 
combination with forced centering both 
total stations body and targets, the re-
sults are directly comparable. The proce-
dure for each set of measurements is as 
follows: a) Total station is placed in the 
first control measured point, and in the 
second point the tripod with the special 
support base of material-targets, which 
is placed under a forced centering and 
on which are placed the prism and all the 
material targets; b) the distance between 
total station and the prism is measured 
with the precision provided by the sta-
tion for this specific measurement; c) the 
body of total station remains stable with-
out changing the target angle in order the 
measuring conditions for each material 

to remain constant. Therefore, the point 
of distance measurement remains stable, 
and hence, different results are directly 
comparable; d) all the targeted material 
are placed at the same point measured 
with prism.

Thus, five successive distance meas-
urements were conducted, in eight dif-
ferent materials, and the surface of the 
specimens forms an angle in respect 
to the direction of sight line of instru-
ment body 90o, 30o, 45o respectively. 
The change of target angle position was 
achieved by rotating the bases plate in 
their respective angles. This allow us 
to study the reflectivity of laser beam 
when the material is aimed not only at a 
vertically angle, which is often happens 
in reality (Boehler et al. 2003; Ingensand 
et al. 2003). It has to be noted that in 
all cases the instrument body was still 
encased in a stationary horizontal and 
vertical angles respectively.

The aim is to compare the value of 
the measured distance using a prism 
in each location with the one that was 
measured in the same position on the 
surface of each material and calculate 
their difference. This way allow us to 
examine whether the difference in dis-
tance measurement between total sta-
tion and material target, with and with-
out reflector, is more or less than the 
permitted 95% confidence level accord-
ing to the measurement accuracy given 
by the manufacturers of institutions 
(Dermanis and Fotiou 1995, Rossiko-
poulos 2001). According to the above, 
ΔD is defined as the difference in the 
distance measurement with or without 
the use of reflector: ΔD = β1 – α1 – (1) 
where: β1 measurement with reflector 
and α1 measurement without reflector. 
According to the law of transmission 
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errors: 2 2
1 1σD = ± σβ +σα  – (2). In 

order the price difference of ΔD length 
to be eligible, it should be between the 
time intervals -zσΔD ≤ ΔD ≤ zσΔD – (3) 
where z value 1.96 for linear control for 
95% confidence level. The audit was 
carried out for each material and each 
viewing angle.

In order to compare the reflector 
measured values with the one meas-
ured with the prism, specimens should 
be placed in a suitable arrangement in 
order to meet specific requirements. For 
this reason we have used an adequate 
base of support so that the measure-
ment surface of the samples lie in this 
vertical plane containing the vertical 
axis passing through the centering point 
of the base, where it is horizontal and 
therefore its identical with the measur-
ing point where the prism is positioned 
on the special base (Balodimos and 
Stathas 1993).

We have tried to cover a satisfacto-
ry range of materials and colors. Spe-
cial attention was provided to materi-
als which are considered ubiquitous in 
use and often encountered by forester 
engineer in the countryside. Some of 
these materials were collected in dif-

ferent colors in order to study the re-
sults of reflectivity of different colors 
of the same material (e.g. cement). 
Eventually, the following eight mate-
rial with specimens dimensions 12 cm 
x 12 cm were selected and measured: 
1) White Cement; 2) Cement Gray; 3) 
Rock; 4) Marble; 5) Iron; 6) Tile; 7) 
Asphalt; 8) Wood. All these materi-
als were placed one after the other on 
the special support base and pegged 
in such a position so that the front 
surface of tangential links to the base 
and to implement correctly the vertical 
measurement. In order to perform the 
experimental measurements, the Trim-
ble 5605RD+ total station is used and 
its special features are shown in Table 
1 (Trimble 2003).

The experimental measurements 
were made in two distances, approxi-
mately 100 m and 400 m. The first one 
is a normal distance measured in the 
countryside, whereas the second one 
is resulted from measurements of la-
ser beam divergence on a white board. 
Measurement that were conducted in 
distances larger than the second one, 
occur the fact that the imprint far ex-
ceeds from the size of the samples and 

 TRIMBLE 5605RD+ 
Reflectorless ability. 
Measuring time: 3 sec. 
Weight: 6.6 kg. 
Range: up to 600 m reflectorless, 2500 m using 1 prism and 
5500 m for long distance measurements  (long range mode). 
Angle reading 1cc and accuracy ±15cc. 
Distance measurement accuracy: standard,  ±3 mm ±3 ppm 
with prism and ±3 mm ±3 ppm (<200m) and ±5 mm ±3 ppm 
(>200m) reflectorless. 
Laser beam divergence 40 mm/100 m horizontal and 80 mm/100 
m vertical. 

Table 1. Total station specifications
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has caused serious problems in the 
measurements. The final precise dis-
tances in measurements with reflec-
tor were identified in 100.052 m and 
400.140 m respectively.

Results and Discussion

The making of the experimental meas-
urements has revealed the following re-
sults diagrams shown in Figures 1 and 2.
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Then, tables for the evaluation and 
acceptance or rejection of the meas-
urements have been set up. This way 
enables us to examine whether the 
difference in distance measurement 
between total station and target with 
and without reflector is acceptable for 
95% confidence interval based on ac-
curacies provided by the manufacturer. 
For Trimble 5605DR+ and according 
to the manufacturer the results are as 
follows: ±3 mm reflector and ±3 mm 
without reflector for measured lengths 
<200 m, and ±5 mm without reflector 
and ±3 mm reflector for lengths> 200 
m. Thus, according to the equation 3, 
σΔD= ±4.2 mm and finally to accept 
a measure of confidence level of 95% 
where z=1.96, z·σΔD = ±8.2 mm, 
lengths while >200 m, σΔD = ±5.8 
mm and z·σΔD = ±11.3 mm. Table 
2 shows the aggregated evaluation re-
sults of the measurements. Hence, the 
bold italic figures shown in the table are 

measurements that are not accepted 
within 95% confidence interval, the 
gray cell of the table show the meas-
urements that except the fact that they 
are not accepted, they have presented 
large deviations compared to the origi-
nally measured with prism along, and 
symbol (-) indicates the impossibility of 
measurement.

Analyzing the results of the measure-
ments we see that at the distance of 
100 m all the material-targets are meas-
ured whereas in the 400 m distance 
was only four are measured. In the final 
two distances most of the conducted 
measurements were accepted at a con-
fidence level of 95%. Especially in the 
100 m 4 sightings out of 8 were ac-
cepted in the angle of 90o and 7 out of 
8 in a angle of 30o and 45o respectively. 
In 400 m distance only one of all final 
measurements was not acceptable at a 
confidence interval of 95%, concerning 
the white cement at an angle of 90o.

Fig. 1. Graphs of distance measurements 
with Trimble 5605DR+ total station at 100.052 m.
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Also, while the target turns from the 
vertical angle, the distance value meas-
ured becomes less than the reflectorless 
measurement, which indicates that the 
angle of incidence is an important and 
decisive factor for the quality of meas-
urements. The color is an important 
factor in the quality of measurements 
too. Generally colored materials have in 
general higher quality and more stable 
measurements. The texture and surface 
roughness of materials also affects the 

measurement results. Especially at a dis-
tance of 400 m, materials with a rough 
surface i.e. rock, asphalt, etc. either they 
made the measurements complicated or 
they were not measured at all. More 
measurements show a range of variation 
for both distance measurement 0–24.6 
mm. The maximum difference was ob-
served by measuring the distance value 
of the one measured with reflector in 
100 m: 1) angle of incidence 90o: 14.6 
mm (cement gray, asphalt); 2) Turn on 

Fig. 2. Graphs of distance measurements with Trimble 5605DR+ total 
station at 400.140 m.
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30o: 16.2 mm (iron) 3) 45o move: 24.8 
mm (iron). Similarly for the distance of 
400 m were: 1) incidence 90o: 13.2 mm 
(cement white); 2) Turn on 30o: 10.6 
mm (cement gray); 3) Turn on 45o: 6.0 
mm (wood). For the distance of 100 m, 
best materials were wood, tile and mar-
ble and worse was cement gray, asphalt 
and iron. Similarly, for a distance of 400 
m best material was marble and worse 
was cement white.

Utilizing on the conclusions drawn 
from all the experimental measurements 
and their effects on the use of these 
data and the further analysis of the 
status of reflection of a laser beam of 
modern total stations the following are 
proposed: a) To investigate the perform-
ance of the total stations reflectorless 

property at distances of 10 m by 20 m 
or so, in order to identify more precisely 
those distances from which the meas-
urements can vary widely; b) To inves-
tigate the performance of total stations 
in the same material for different colors, 
so that to highlight the importance of 
color as a factor in the measurement 
and in return the same color for different 
materials to highlight the importance of 
such material as a factor affecting the 
measurements; c) To investigate the 
performance and reliability status of re-
flectorless total stations and specialized 
tests that are of particular interest as 
tariff measurements in various types, 
color, age bark roughness and forest 
species, different color, roughness and 
moisture and secondary wood products 

Distance: 100.052 m Distance: 400.140 m 
 

D, mm D, mm D, mm D, mm D, mm D, mm 

Α/Α Material 90ο 30ο 45ο 90ο 30ο 45ο 

1 Cement 
white  

-14.6 0.6 7.4 -13.2 -7.4 0.6 

2 Cement grey  -14.2 3.4 7.8 -2.2 -10.6 3.2 

3 Asphalt -14.6 5.4 7.4 – – – 

4 Iron 2.0 16.2 24.8 – – – 

5 Wood 0 3.6 8.2 -4.2 -4.2 -6.0 

6 Tile -1.8 1.6 6.0 – – – 

7 Rock  -9.8 1.4 5.4 – – – 

8 Marble -5.2 -1.8 2.0 0 -3.0 -5.8 

 

Table 2. Measurements evaluation with Trimble 5605DR+ total station.
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(chipboard, plywood, melamine, MDF, 
etc.), measurements on bare rocky and 
vegetative earthen embankments, with 
different types of rock and vegetation, 
respectively; d) To monitor the perform-
ance status of reflectorless property, 
total stations in experiments concern-
ing the shooting at edges or sides of 
geometric elements, intersections lev-
els, etc. and especially useful measure-
ments on technical projects in rural ar-
eas (retaining walls, bridge abutments, 
culverts, buildings etc.); e) The applica-
tion of experimental measurements to 
be made on actual field conditions and 
in different weather conditions.
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Abstract
The paper presents a classification of 1010 species, belonging to 296 genera and 84 

families of wild melliferous plants. A particular attention is given to the characteristics of the 
conservational importance of these plants at national and international level. Two hundred 
and one of these species belonging to 71 genera and 36 families were considered to have 
some conservational status in Bulgaria and Europe. Many of them are endemics for Bulgaria 
and/or Balkan Peninsula and are protected by the national Bulgarian legislation or by interna-
tional conventions ratified by Bulgaria. The results indicate that substantial part of mellifer-
ous plant species of the Bulgarian flora is of high conservation value.

Key words: Bulgaria, flora, melliferous plants, conservation value.

Introduction

Melliferous plants are these, whose 
flowers are natural food source for 
honey-bee (Apis mellifera L.). Based 
on critical analysis of literature data, it 
was established that wild melliferous 
plants in Bulgaria are represented by 
1010 species belonging to 296 genera, 
84 families and two phyla (Tashev and 
Pancheva 2010). They represent 25.3% 
of the species, 31.7% of the genera and 
54.9% of the families of the Bulgarian 
flora (Tashev 2008).

Being an integral part of the plant 
kingdom, the melliferous plants are 
charactrerized by different life-histories, 
different ecology and conservation sta-
tus. The assessment of their conser-
vation status is an important part of 

the modern concepts and practices of 
sustainable use of plant resources and 
conservation of plant diversity. There-
fore, the aim of the present study was 
to characterize the conservation impor-
tance of the wild melliferous plants of 
Bulgarian flora. National and interna-
tional documents were used for this as-
sessment, with particular reference to 
the endemic taxa.

Material and Methods

For determining the national conserva-
tion status of the honeyberry plants 
from the Bulgarian flora, we used the 
Red Data Book of Bulgaria, Volume I – 
Plants (Velchev 1984), Red Data Book 
of Bulgaria, Volume I – Plant and Fungi 
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(Peev 2011). We used also the nation-
al legislation treating the legal protec-
tion of the plant species (Biodiversity 
Act; Anonymous 2007). Determining 
the international status of the analyzed 
species was based on the Red List of 
Endangered Plants of IUCN (Walter and 
Gillett 1998) as well as on the “List of 
Rare, Endangered and Endemic Plants 
of Europe” (Lucas 1983). We also used 
the CITES (Anonymous 1973) and 
the Convention on the Conservation 
of European Wildlife and Natural 
Habitats called also Bern Convention 
(Anonymous 1979). The Balkan and 
Bulgarian endemics were determined 
following Assyov and Petrova (2006).

Results and Discussion

Table 1 presents the conservation sta-
tus of the honeyberry plant of Bulgarian 
flora.

The results showed that considerable 
part of melliferous plants of Bulgarian flo-
ra is important from conservation point 
of view and the species are included in 
the Red Data Book of Bulgaria, Volume 
I – Plants (Velchev 1984). They are total 
112 species, or 11.1% of all species of 
this group. Among them with category 
“Rare” (R) are 78 species, and with cate-
gory “Endangered” (EN) – 34 species. In 
percents, compared to the whole number 
of melliferous plants of the Bulgarian flo-
ra, the distribution is as follows: 7.7% 
“Rare” and 3.4% “Endangered”. When 
compared to the number of all wild mel-
liferous plants, included in the Red Data 
Book of Bulgaria, 69.6% are “Rare” and 
30.4% are “Endangered”.

In the new edition of the Red Data 
Book of Bulgaria, Volume I – Plants and 

Fungi (Peev 2011), the number of mel-
liferous plants is reduced to 74 species 
(7.4%). This could be explained by the 
fact that many of the species included 
in the first edition of the Red Data Book 
(Velchev 1984) had category “Rare”, 
which does not exist in the new edition. 
This is because it considers only IUCN 
threatened categories, i.e. “Extinct”, 
“Critically Endangered”, and “Endan-
gered”. A few species labeled as “Rare” 
in Velchev (1984) were included with 
the category “Vulnerable” in the Red 
List of Bulgarian vascular plants (Petro-
va and Vladimirov 2009). The new edi-
tion of the Red Data Book of Bulgaria 
includes 43 species with the category 
“Endangered” (EN), which accounts 
to 4.3% of all wild melliferous plants; 
“Critically Endangered” (CR) are 26 
(2.6%) species, and “Vulnerable” (VU) 
are 5 (0.5%) species.

Comparison of the plant taxa in the 
two Red Data Book editions showed 
that 50 melliferous species are present 
in both of them. This means that in the 
period after the publication of the first 
edition (more than 25 years), 24 wild 
melliferous species have acquired con-
servation importance. Eighteen species 
were transferred from category “Rare” 
to category “Endangered”; 11 species 
from category “Rare” to category “Criti-
cally Endangered”; 2 species from cat-
egory “Rare” to category “Vulnerable”, 
and 5 species from category “Endan-
gered” to category “Critically Endan-
gered”. This unequivocally means that 
the population status of the rare mel-
liferous plants is getting worse.

Eighty-one (8%) species are protect-
ed by the Bulgarian legislation and are 
included in the Appendix 3 of the Biodi-
versity Act (Anonymous 2007).
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Table 1. Conservation status of honeyberry plants of Bulgarian flora.

Conservation importance Measures taken 
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Acanthaceae            

Acanthus spinosus L. R EN – – – – – + – – 3 

Acanthus balcanicus Heywood et Richardson – – – – – – + – – – 1 

Alliaceae            

Allium angulosum L. R CR – – – – – + – – 3 

Allium montanum F. W. Schmidt EN – – – – – – + – – 2 

Allium rhodopaeum Velen. – – – – – + – – – – 1 

Amaryllidaceae            

Galanthus elwesii Hook. f. EN EN – – – – – + – + 4 

Galanthus nivalis L. EN EN – – – – – + – + 4 

Leucojum aestivum L. EN – – – – – – – – – 1 

Apiaceae (Umbelliferae)            

Anethum graveolens L. R EN – – – – – – – – 2 

Heracleum angustisectum (Stoj. et Acht.) Peev R – – – – + – – – – 2 

Heracleum verticillatum Panč. – – – – – – + – – – 1 

Asteraceae (Compositae)            

Hieracium ančevii Szelag – – – – – + – – – – 1 

Hieracium asenovgradense Jasiewicz & Pawl. – – – – – + – – – – 1 

Hieracium belogradčense T. Georg. & Kitanov – CR – – – + – + – – 3 

Hieracium divergens Naeg. & Peter – – – – – + – – – – 1 

Hieracium dolopicum Freyn & Sint. – – – – – – + – – – 1 

Hieracium ferdinandii-regis Zahn – – – – – + – – – – 1 

Hieracium gregorii-bakurianii S. Bräut. – – – – – + – – – – 1 

Hieracium heldreichii Boiss. – – – – – – + – – – 1 

Hieracium heterogynum (Froel.) Gut. – – – – – – + – – – 1 

Hieracium kittaniae Vladimirov – EN – – – + – – – – 2 

Hieracium marmoreum Panč. – – – – – – + – – – 1 

Hieracium mattffeldianum Zahn – – – – – + – – – – 1 

Hieracium merxmulleranum S. Bräut. – – – – – + – – – – 1 

Hieracium naegelianum Panč. – – – – – – + – – – 1 

Hieracium nipholasum T. Georg. & Zahn – – – – – + – – – – 1 

Hieracium olympicum Boiss. – – – – – – + – – – 1 

Hieracium ossaeum Zahn – – – – – – + – – – 1 
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Hieracium pannosum Boiss. – – – – – – + – – – 1 

Hieracium petrovae Vladimirov & Szelag – – – – – + – – – – 1 

Hieracium pilosissimum Friv. – – – – – – + – – – 1 

Hieracium pirinicola T. Georg. & Zahn – – – – – + – – – – 1 

Hieracium pseuderiopus Zahn – – – – – – + – – – 1 

Hieracium scardicum Bornm. & Zahn – – – – – – + – – – 1 

Hieracium sericophyllum Nejčeff – – – – – – + – – – 1 

Hieracium stefanofii Zahn R – – – – + – – – – 2 

Hieracium tommassinii Rchb. – – – – – – + – – – 1 

Hieracium urumoffii Nejčeff & Zahn – – – – – + – – – – 1 

Hieracium villosum L. – EN – – – – – – – – 1 

Hieracium virosum Pall. – EN – – – – – – – – 1 

Berberidaceae            

Epimedium pubigerum (DC.) Morren & Decne R – – – – – – + – – 2 

Boraginaceae            

Anchusa davidovii Stoj. – CR – – – + – + – – 3 

Anchusa hybrida Ten. R – – – – – – – – – 1 

Buglossoides arvensis (L.) I. M. Johnst. R – – – – –– – – – – 1 

Buglossoides grandulosa (Velen.) R. Fernandes R – R V V – – + – – 4 

Buglossoides sibthorpiana (Griseb.) Czer. R – – – – – – – – – 1 

Echium plantagineum L. R – – – – – – – – – 1 

Echium russicum J. F. Gmel. – VU – – – – – + – – 2 

Myosotis aspera Velen. – – – – – + – – – – 1 

Myosotis jordanovii N. Andreev & Peev – – – – – + – – – – 1 

Myosotis macedonica Velen. & Charrel – – – – – – + – – – 1 

Myosotis orbelica (Velen.) Peev & N. Andreev – – – – – + – – – – 1 

Myosotis rhodopea Velen. – – – – – + – – – – 1 

Myosotis suaveolens Waldst & Kit. – – – – – – + – – – 1 

Onosma heterophylla Griseb. R – – – – – – – – – 1 

Onosma thracica Velen. – – – nt – – + – – – 2 

Onosma rhodopea Velen. EN EN R I R – + + – – 6 

Symphytum tauricum Willd. R EN – – – – – – – – 2 

Trachystemon orientalis (L.) G. Don R – – – – – – – – – 1 

Brassicaceae (Cruciferae)            

Alyssum cuneifolium Ten. var. pirinicum Stoj. & Acht. R EN – – – – – + – – 3 

Alyssum pulvinare Velen. R – – – – – – – – – 1 

Alyssum stribrnyi Velen. R – – – – – – + – – 2 

Matthiola odoratissima (M. Bieb.) R. Br. EN CR – V V – – + – – 4 

Caesalpiniaceae            

Cercis siliquastrum L. R – – – – – – – – – 1 

Campanulaceae            

Campanula cochlearifolia Lam. – EN – – – – – – – – 1 



A. Tashev and E. Pancheva232

1 2 3 4 5 6 7 8 9 10 11 12 

Campanula euxina (Velen.) Ančev – EN – – – + – + – – 3 

Campanula jordanovii Ančev & Kovanda – VU – – – – + + – – 3 

Campanula lanata Friv. – VU R – – – + + + – 5 

Campanula latifolia L. R EN – – – – – + – – 3 

Campanula moesiaca Velen. – – – – – – + – – – 1 

Campanula orphanidea Boiss. – EN – – – – + + – – 3 

Campanula patula L. – – – – – – – – + – 1 

Campanula scutellata Griseb. – – – – – – + – – – 1 

Campanula sparsa Friv. – – – – – – + – – – 1 

Campanula thyrsoides L. – EN – – – – – – – – 1 

Campanula transsilvanica Schur ex Andrae R EN R R I – – + – – 5 

Campanula trojanensis Kovanda & Ančev – – – – – + – – – – 1 

Campanula velebitica Borbas – – – – – – + – – – 1 

Campanula versicolor Andrews EN EN – – – – – + – – 3 

Cistaceae            

Cistus salvifolius L. R EN – – – – – + – – 3 

Elaeagnaceae            

Hippophae rhamnoides L. EN CR – – – – – + – – 3 

Ericaceae            

Calluna vulgaris (L.) Hull R – – – – – – + – – 2 

Erica arborea L. R – – – – – – + – – 2 

Rhododendron ponticum L. EN – – – – – – + – – 2 

Vaccinium arctostaphylos L. EN EN – R R – – + + – 5 

Fabaceae (Papilionaceae)            

Anthyllis aurea Weld. – – – – – – + – – – 1 

Chamaecytisus danubialis (Velen.) Rothm. R – – – – – – – – – 1 

Chamaecytisus absimthioides (Janka) Kuzm. – – – – – – + – – – 1 

Chamaecytisus calcareus (Velen.) Kuzm. – – – – – – + – – – 1 

Chamaecytisus jankae (Velen.) Rothm. – – – – – – + – – – 1 

Chamaecytisus frivaldszkyanus (Deg.) Kuzm. R EN – – – + – – – – 3 

Chamaecytisus kovačevii (Velen.) Rothm. R EN – V – + – + – – 5 

Chamaecytisus neičeffii (Urum.) Rothm. R – VU E – + – + – – 5 

Chamaecytisus ratisbonensis (Schaeff.) Rothm. EN – – – – – – + – – 2 

Genista germanica L. – CR – – – – – + – – 2 

Genista pilosa L. EN EN – – – – – + – – 3 

Genista rumelica Velen. – – – – – – + – – – 1 

Genista subcapitata Panč. – – – – – – + – – – 1 

Lathyrus grandiflorus Sibth. et Sm. R EN – – – – – – – – 2 

Lupinus albus L. R – – – – – – – – – 1 

Ononis adenotricha Boiss. R – – – – – – – – – 1 

Ononis repens L. R CR – – – – – + – – 3 

Trifolium affine C. Presl. – – – R R – – – – – 1 
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Trifolium dalmaticum Vis. – – – – – – + – – – 1 

Trifolium heldreichianum Hausskn. – – – – – – + – – – 1 

Trifolium pignantii Fauche et Chaub. – – – – – – + – – – 1 

Trifolium trichopterum Panč. – – – – – – + – – – 1 

Trifolium globosum L. R – – – – – – – – – 1 

Trifolium spumosum L. R – – – – – – – – – 1 

Trifolium ligusticum Balb. ex Loisel EN EN – – – – – – – – 2 

Trifolium phleoides Pourr. ex Willd. EN CR – – – – – – – – 2 

Trifolium physodes Stev. ex M. B. – CR – – – – – – – – 1 

Trifolium rubens L. EN CR – – – – – – – – 2 

Trifolium spumosum L. – CR – – – – – – – – 1 

Trifolium squamosum L. EN CR – – – – – – – – 2 

Trifolium squarrosum L. EN CR – – – – – – – – 2 

Trifolium velenovskyi Vandas – – – – – – + – – – 1 

Fagaceae            

Castanea sativa Mill. EN EN – – – – – – – – 2 

Geraniaceae            

Erodium absinthoides Willd. R EN – – – – + + – – 4 

Erodium hoefftianum C. A. Meyer R – – – – – – – – – 1 

Grossulariaceae            

Ribes nigrum L. R CR – – – – – + – – 3 

Hippocastanaceae            

Aesculus hippocastanum L. EN EN – – – – + + – – 4 

Hypericaceae (Guttiferae)            

Hypericum androsaemum L. R EN – – – – – + – – 3 

Hypericum calycinum L. R – – – – – – + – – 2 

Iridaceae            

Crocus veluchensis Herbert – – – – – – + – – – 1 

Lamiaceae (Labiatae)            

Marrubium friwaldskyanum Boiss. R VU – R R + – – – – 4 

Salvia forskahlei L. EN – – – – – – + – – 2 

Salvia pinnata L. – CR – – – – – + – – 2 

Salvia ringens Sibth. & Sm. – – – – – – + – – – 1 

Salvia scabiosifolia Lam. EN CR R R R – – + – – 5 

Salvia verbenaca L. R – – – – – – – – – 1 

Satureja rumelica Velen. R – R – I + – – – – 4 

Satureja pilosa Velen. – – – nt – – + – – – 2 

Teucrium botrys L. – – – – – – – + – – 1 

Teucrium lamiifolium D'Urv. R – – R R – – + + – 4 

Thymus albanus Heinr. Braun – – – – – – + – – – 1 

Thymus atticus Čelak. – – – – – – + – – – 1 



A. Tashev and E. Pancheva234

1 2 3 4 5 6 7 8 9 10 11 12 

Thymus bracteosus Vis. ex Benth. – – – – – – – + – – 1 

Thymus comptus Friv. – – – – – – + – – – 1 

Thymus longedentatus (Degen & Urum.) Ronniger – – – – – – + – – – 1 

Thymus perinicus (Velen.) Jalas R EN – – – + – + – – 4 

Thymus stojanovii Degen – CR – – – + – + – – 3 

Liliaceae            

Fritillaria pontica Wahlenb. R – R – – – – + – – 3 

Menyathaceae            

Menyanthes trifoliata L. EN EN – – – – – – – – 2 

Morinaceae            

Morina persica L. R – – – – – – + – – 2 

Orchidaceae            

Platanthera bifolia (L.) Rich. – – – – – – – – – + 1 

Paeoniaceae            

Paeonia mascula (L.) Mill. EN EN – – – – – + – – 3 

Paeonia tenuifolia L. EN EN – – – – – + + – 4 

Polygalaceae            

Polygala acarnanica (Chodat) Koz. et Petrova R – – – – – + + – – 3 

Polygala amarella Crantz R EN – – – – – + – – 3 

Polygala alpestris Reichenb. – EN – – – – – + – – 2 

Polygala carniolica Kern. R EN – – – – + – – – 3 

Polygala hospital Heuff. R – – – – – – – – – 1 

Polygala monspeliaca L. R – – – – – – – – – 1 

Polygala rhodopea (Velеn.) Janch. R – – – – – + – – – 2 

Polygala supina Schreb. R – – – – – – – – – 1 

Primulaceae            

Primula deorum Velen. R VU R – nt + – + + – 7 

Primula frondosa Janka R EN R – R + – + + – 7 

Primula halleri G. F. Gmel. R – – – – – – + – – 2 

Primula vulgaris Huds. R – – – – – – + – – 2 

Ranunculaceae            

Adonis microcarpa DC. – EN – – – – – – – – 1 

Adonis vernalis L. R – – – – – – – – + 2 

Adonis wolgensis Stev. in DC. R – – – – – – + – – 2 

Anemone narcissiflora L. R – – – – – – + – – 2 

Anemone sylvestris L. EN – – – – – – + – – 2 

Aquilegia aurea Janka R – – – – – + + – – 3 

Aquilegia nigricans Baumg. R – – – – – + + – – 3 

Caltha cornuta Schott – – – – – – – + – – 1 

Caltha polypetala Hochst. ex Lorent – EN – – – – – + – – 2 

Pulsatilla halleri (All.) Willd. R EN – – – – – – + – 3 

Pulsatilla pratensis (L.) Mill. R – – – – – – + – – 2 
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Seventeen species (1.7%) are in the 
“European List of Rare, Endangered and 
Endemic Plants” (Lucas 1983). It de-

fines the National (BG) and European 
(EU) status of the species. According 
to the national status, 6 species have 

* Column 12 represents the number of different documents (Red lists, Red data books 
and different legislative documents) where the respective taxon is included.

1 2 3 4 5 6 7 8 9 10 11 12 

Thalictrum foetidum L. EN CR – – – – – + – – 3 

Trollius europaeus L. R – – – – – – + – – 2 

Rosaceae            

Crataegus orientalis Pall. ex M. B. – – – – – – – + – – 1 

Mespilus germanica L. R – – – – – – – – – 1 

Potentilla chrysantha Trevir. R – – – – – – + – – 2 

Potentilla emili-popii Nyarady R CR R – – – + + + – 6 

Potentilla fruticosa L. R – – – – – – – – – 1 

Potentilla montenegrina Pant. – CR – – – – – + – – 2 

Potentilla nicicii Adam. R CR – – – – – + – – 3 

Potentilla pirotensis (Borb.) Mark. – – – – – – + – – – 1 

Potentilla palustris (L.) Scop. R – – – – – – + – – 2 

Potentilla regis-borisii Stoj. – – – – – – + – – – 1 

Pyracantha coccinea M. Roem. EN – – – – – – – – – 1 

Rubus macrophyllus Weihe & Nees EN – – – – – – – – – 1 

Rubus oblongoobovatus Markova R – – – – + – – – – 2 

Rubus thyrsiflorus Wehe et Nees EN – – – – – – – – – 1 

Rubus vepallidus Sudre R – – – – – – – – – 1 

Spiraea crenata L. EN CR – E V – – + – – 4 

Spiraea hypericifolia L. EN – – – – – – – – – 1 

Spiraea salicifolia L. EN CR – – – – – + – – 3 

Rutaceae            

Ruta graveolens L. EN EN – – – – – + – – 3 

Salicaceae            

Salix pentandra L. EN CR – – – – – + – – 3 

Salix rosmarinifolia L. – CR – – – – – + – – 2 

Scrophulariaceae            

Pedicularis palustris L. R CR – – – – – + – – 3 

Veronica austriaca L. R – – – – – – – – – 1 

Veronica chamaedrys L. R – – – – – – – – – 1 

Thymelaeaceae            

Daphne laureola L. R EN – – – – – + – – 3 

Daphne pontica L. R EN – – – – – + – – 3 

Tiliaceae            

Tilia rubra DC. R – – – – – – – – – 1 

Valerianaceae            

Valeriana dioscoridis Sm. R EN – – – – – – – – 2 
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category “Rare” (R), 3 species category 
“Vulnerable” (VU), 2 species category 
“Endangered” (E), 1 species category 
“Undetermined” (I), and 2 species “nei-
ther Rare, nor Endangered”. According 
to their European status 7 species have 
category “Rare” (R), 3 species category 
“Vulnerable” (V), 2 species category 
“Undetermined”, and 1 species catego-
ry “neither Rare, nor Endangered” (nt).

Eleven melliferous species were in-
cluded in the IUCN’s Red List of En-
dangered Species of 1997 (Walter 
and Gillett 1998). These are: Buglos-
soides grandulosa, Onosma rhodopea, 
Campanula lanata, C. transsilvanica, 
Chamaecytisus nejčeffii, Salvia sca-
biosifolia, Satureja rumelica, Fritillaria 
pontica, Primula deorum, P. frondosa, 
and Potentilla emili-popii.

Eight European melliferous species 
are strictly protected under the Bern 
Convention (Anonymous 1979), Ap-
pendix 2. These are: Campanula lanata, 
C. patula, Vaccinium arctostaphylos, 
Teucrium lamiifolium, Paeonia tenuifo-
lia, Primula deorum, P. frondosa, Pulsa-
tilla halleri, and Potentilla emili-popii. 

Four species are listed in Appendix 
2 of the Convention on International 
Trade in Endangered Species (Anony-
mous 1973, supplemented in 2003), 
and these are: Galanthus elwesii, G. 
nivalis, Platanthera bifolia and Adonis 
vernalis L.

Thirty-three species (3.3%) of the 
melliferous plants are Bulgarian endem-
ics and 54 (5.3%) are Balkan endemics.

Conclusion

The data presented so far show that the 
melliferous plants of the Bulgarian flora 

amount 201 species from 71 genera 
and 36 families. This represents 20% of 
the species, 24.3% of the genera and 
42.9% of the families with wild mel-
liferous plants. With the highest con-
servation status among them are the 
Bulgarian endemics Primula deorum and 
P. frondosa, included in seven lists of 
conservation importance. They are fol-
lowed by Onosma rhodopea, Potentilla 
emili-popii – present on six lists, 
Campanula lanata, C. transsilvanica, 
Chamaecytisus kovačevii, C. neičeffii, 
Salvia scabiosifolia, Vaccinium arctos-
taphylos – part of 5 lists, and Aesculus 
hippocastanum, Buglossoides grandulo-
sa, Erodium absinthoides, Galanthus el-
wesii, G. nivalis, Marrubium friwaldsky-
anum, Matthiola odoratissima, Paeonia 
tenuifolia, Satureja rumelica, Spiraea 
crenata, Teucrium lamiifolium, Thymus 
perinicus, which are part of 4 list. 

The results outline the high conser-
vation importance of the Bulgarian hon-
eyberry plants, both for the national and 
for the European flora.
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