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Abstract

There are a number of problems within the temporarily inaccessible and hardly accessible
forest exploitation basins, as the lack of a road network, lack of information about how many
inaccessible basins are there, where are they located and what kind of a road network should
be necessary for their exploitation. The present paper deals with the state of the inaccessible
and hardly accessible forest exploitation basins in the Eastern Bulgaria (total 53) situated on the
territory of the Regional Forestry Directorates (RFD) of Varna, Shumen, Sliven, and Burgas).
The draft-traces of the new forest roads that should be constructed within the forest basins. The
road locations have been adjusted and different variants of technological schemes, appropriate
for the different working conditions and types of cutting were proposed. The total area and the
resource, as well as the provided uses have been determined. The expenses required for logging
have been calculated, as well as the expenses for road construction. The expected incomes,
outcomes, and the prime costs of the wood planned for harvesting were calculated as well. The
mountainous orography and the low density of the forest-road network within the basins provided
opportunity for a choice between two types of machines to be used (a specialized tractor and a
short cable systems), or a combination of both.

Key words: forest-road network, inaccessible or hardly accessible forest basins, logging,
technological scheme.

Introduction

The analysis of terrain characteristics and
their influence on different production stag-
es is of crucial importance for the entire
study necessary in a given forest region
where wood harvesting technologies are
comprised. It is also important particularly
in the assessment of the available forest
road network and for the planning of the
tractor roads (Kramer 2001). The road
network density should be 25 m<ha in the
hardly accessible mountain areas. Such

density is enough for using of mobile cable
lines. Meanwhile, after introducing the ca-
ble lines, the construction of tractor forest
roads will be reduced. It should be taken
into consideration that technology is the
most harmful to the forests, as the resulting
consequences and the ecological damages
are undoubtedly great (Picman and Pentek
1999). What should be provided, before
planning of a haulage by tractors on steep
slopes, is the assessment of the probability
of erosion and the possibility for the use of
alternative cable systems (Schiess 1999).
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The availability of a network of forest roads
on steep terrains will stimulate the use of
mobile cable lines (FAO 1999). According
to FAO (1998), the cable systems are less
limited by the slope and more by the ter-
rain shape. They are the most appropriate
for areas where the slopes are between
30 % and 100 %. In the future, the cable
lines of a length from 200 to 400 m will
prevail, as well as the fan-shaped instal-
lation of cable lines in areas where it will
be possible, depending on the conditions.
According to the assessment of the actual
state of wood harvesting, the one that will
be done using cable lines should be devel-
oped further to keep its competitiveness in
the difficult conditions of the mountain ar-
eas (Trzesniowski 1998).

The purpose of this study was to es-
tablish the state of the temporarily inac-
cessible basins, also known as “closed
basins“ in the Eastern Bulgaria, and the
possibilities of the utilization of the wood
harvested there.

Materials and Methods

This study focuses to the temporarily inac-
cessible basins, the forest-road network
related to the them, technical means and
technologies used in the logging in the
Eastern Bulgaria. It is of particular inter-
est to study whether the above mentioned
technical means and technologies are
appropriate for the wood harvesting and
transportation within the basins.

The methodological scheme address-
es several questions: 1) The state of the
forest exploitation conditions; 2) The state
and the characteristics of the basic pro-
duction stocks which are at disposal of
wood harvesting forest companies; 3) The
technology and organization of the work.

The nature of the relief in the Eastern
Bulgaria is rather variable. The northern
slopes of the main ridge are steep and
rough, especially in its western part. The
southern slopes have also very steep
ridges. The terrain in the river watersheds
is mountainous, consisting of short but
steep ridges and slopes. The remaining
part of the territory situated on the spurs
of the main ridges is of a semi-mountain-
ous nature, with rounded and vaguely out-
lined ridges, sharply cut glens and steep
inclined slopes. The aspect of the terrain
eastward presents clearly outlined ridges
and plain-type flat uplands, passing into
a hilly nature, outlined by slopes, being
almost plain, delineated by plane ridges,
and at short distances only, to the sea-
side, inclined and steep slopes dip down-
ward. Strandzha is generally low moun-
tain. It is slightly folded to the sea. There
are numerous low and rolling ridges, part
of which rise more evidently and are bet-
ter delineated, along with a number of
glens, thus rendering complex and rough
character of the terrain. The orography in
this part is broken and hilly, while in the
interior part of Strandzha, the relief is of
hilly-mountainous nature, with smooth
ridges and deeply cut glens. Numerous
secondary ridges, cut by smaller and
larger glens, deeply incised into the ter-
rain, descend from westward to eastward,
rendering a highly rough character of the
orography.

Results and Discussion

There are several parameters of the local-
ity affecting strongly the mechanization of
wood harvesting. Of particular importance
are the slope of the terrain and orography
of the locality (roughness etc.) resulting in
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hardly accessible basins. Tractors and an-
imal haulage power are used in smoother
terrains while cable lines and animal haul-
age power are applied in steeper ones.

No good economical results can be
achieved without establishment of a mod-
ern forest road network and without mech-
anization of the technological processes
in the plantations. The density of the for-
est road network is particularly important,
because it is still too scarce in Bulgaria,
mostly due to the mountainous character
of our forests.

The reduced use in Bulgarian forests
is partly due to the scarce and insufficient
road network within the temporarily inac-
cessible basins, and this, together with
the unsteady market of wood are the main
reason of not harevesting 500,000 m? of
the planned volume annually.

Table 1 shows the types and the
number of the machines in the Regional
Forestry Directorates in Eastern Bulgaria.
It can be seen that in RFD Burgas the
haulage was done mostly by animal pow-
er (76 %) and recently, due to the lack-
ing market of coarse wood, the animal
power use reached even 90 % at some
moments. The horse power haulage in the

RFD Varna was approximately 40 %, fol-
lowed by the use of tractors — 24 %, and
the remaining part of wood in the cutting
areas was loaded by hand. The RFD in
Shumen was characterized by the highest
use of mechanized haulage — 85 %, while
in the RFD Sliven the use of animal power
haulage was concentrated in the lower al-
titudes — 85 %. In the upper mountainous
regions, i.e. within the Balkan Range, it
was only about 18 %.

The tractors used were “Universal-651”
and some single “LKT—-80/81". The cable
systems were “TBC-500" and “Koller-
K-300”, and the loading was done pre-
dominantly by Shipka hydraulic cranes.
“‘DT-75" and “C—100” tractors were used
as bulldozers for the maintenance of for-
est roads.

Temporarily inaccessible forest-
exploitation basins in the Eastern Bul-
garia

The total area, stock and the use were
determined within the temporarily inac-
cessible forest exploitation basins. The
costs for cutting and haulage, for tractor
roads, incomes and profit, as well as the
prime cost expected for wood to be har-
vested were calculated (Table 2). Besides,

Table 1. Total number of the used basic machines for logging in the Eastern Bulgaria.

Regional Tractors
Forestry no ’ Cable line systems, no Loaders, no Bulldozers, no
Directorates
Vama 12 _ 22 and 8 cranes mounted 6
on trucks
Shumen 36 1 26 and 4 cranes mounted 13
on trucks
Sliven 30 2(1 fo_r discontinuous 18 and 7 cranes mounted 10
operation) on trucks
1 (for discontinuous 16 and 2 cranes mounted
Burgas 21 . 4
operation ) on trucks
Total 99 4 (2 fo_r discontinuous 82 and 21 cranes 33
operation ) mounted on trucks
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Table 2. Forest exploitation basins of a temporary inaccessibility in the Eastern Bulgaria.

Regional
Dif::f::;¥es Total costs Technological
Numbers | Total Total . provided for .
(RFD) and Provided schemes. Working
of the area, |resources, 3 wood . e
the related L 3 use, m ol Primary conditions
basins ha m exploitation, .
State transport with
BGN
Forestry
Services
RFD Varna
Staro 460,810 Inaccessibility
Oryahovo 1 6510 | 165210 | 13,045 | 506000) |Tractorsand |due to deep
animal hauling | gullies,
2,675,620 issi
,079, power. missin
Tsonevo 5 1,363.1 229,265 36,415 (1.041.000) roads.g
RFD Shumen
Smyadovo 5 | 18874 | 240,785 | 44200 | ;283000 Ispecialized | Steep terrains
(330,000) | tractors and where deep
1481910 |cable way gullies are
Varbitsa 1 760 1 16,730 15,428 (’80 0’00) system. available.
RFD Sliven
Tvarditsa 16 | 18659 | 271,320 | 36978 (g’;gg’ggg)
e Specialized Old cart-ways
1,954,051 |tractors and available
Kotel 9 2124.4 | 530,340 63,840 (390,000) |cable way therein, in a
system. bad condition.
) 1,795,000
Ticha 3 1,169.0 | 331,615 46,220 (500,000)
RFD Burgas
An area of a
Tractors and difficult
1,418,237 - : accessibility
Tsarevo 3 1,450.7 | 284,665 56,933 (194.530) animal hauling within an
power. .
inter-border
facility.
1,125,305 A highly
Zvezdets 2 5,972.8 | 256,685 31,340 .
(397,165) Specialized [g;%?nterram,
tractors, cable roads %on
Malk 1087430 | g ool [ kept old
alko ,Uo/, d animal
8 2,2141 | 471,280 42,815 an
Tarnovo (145,500) | hauling power. roads,
missing
bridges.
16,463,813
Total 53 19,457.7 | 2,897,895 | 387,214 (5,967,195)

Note: There are costs provided for road building and repair, indicated in the brackets.
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the traces of both the old forest roads and
the new ones that have to be constructed
for taking the wood from the temporarily
inaccessible basins, have been plotted
on the forestry map. The mapping of the
traces was done after visiting each basin,
considering also the old forest motor-car
roads, used tractor and carts, the old trac-
es of cable lines, minimal damage during
the road construction and the services of
the entire basin (including all the forestry
activities undertaking like wood harvest-
ing, afforestation, forests fires and others).
At last, all that has been done taking into
account the costs required for projecting
and construction. A model scheme for ex-
ploitation of basins
is shown in Figure 1.

the density of the hydrographic network.
The most capital-consuming construction
and repairment works are the excavations
in rocky soils by blasting, concrete laying
and construction of facilities and road cov-
erage.

The average cost per 1km forest road
varies within a very large range, depend-
ing on the terrain conditions (terrain cat-
egory) and the road slope. If the terrain
conditions are subdivided in three catego-
ries as a function of the cross inclination
of the terrain, the limits within which the
cost of 1 km forest road changes, may be
considered appropriate, as presented in
Table 3.

Table 3. Prices determined for the construction of 1 linear meter of a truck
forest road in Bulgaria (data resulted from practice).

After examining
h r in
the target b.as ?' Width of the road .
further anaIyS|s will Average transverse Road coverage + road Limits of
: : slope of the terrain category costs, BGN
be required to adjust bed, m
where the construc- ground 34 210
; up to 15°
tion IdOf EeW roa?ts stabilized 35 60-80
wou e  profit-
. . round 34 10-20
able considering the 15° — 30° gb'l' " .~ 00140
forest-exploitation stabilize - -
conditions, planned more than 45° ground 34 20-40
volume and also stabilized 3-5 150-200

the requirements for
close-to-nature man-
agement and biodi-
versity conservation.

Infrastructure Required

It should be mentioned that there are
uncovered roads (earth roads). In some
cases and places their foundation could
be stabilized using quarry materials or ad-
mixing mineral substances.

The cost of the forest roads depends
mostly on the inclination of the terrain and

Note: In extremely difficult conditions where a breach of rocky soils is to be
done and props (retaining walls) and others are to be erected, the costs may

increase with 40 %.

At the moment, the project design of
forest roads within the “closed basins” is
highly restricted. There are a few RFDs
where roads are fully or partially con-
structed based on a preliminarily elaborat-
ed project. In the majority of cases there
are only temporary motor-car roads to be
constructed.

Besides, the construction of forest
road network should be planned further
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— — old forest road;

==new forest road|
-=-- cable system;
.+ strip road

Fig. 1. Map of one of the temporarily inaccessible basins.

in conformity with the technology selected
during the second phase of the wood har-
vesting, particularly within steep enough
forest areas where cable lines are to be
introduced. Presumably, a different ap-
proach should be applied to the proce-
dure of the forests exploitation and to the
different parameters implemented to the
analysis and selection of the best traces
for forest roads.

Conclusions

1. The lack and the worsened state of
the technical equipment, technologies and
organization of the work resulted in frag-
mentation increased number of the cutting
areas, hence resulting in the extension of
the distances for haulage, decrease of the
unit volume and the cut mass, raise of the
production costs etc., which directly affect
the level of development of the wood har-
vesting branch.

2. At the moment, the forest-road net-
work density is unable to guarantee effi-
cient conditions for a stable management
of the forests and forest wood production.

3. There is a need of construction of
new forest roads, thus providing adequate
access to the temporarily inccessible ba-
sins, or repairment of the old roads, in-
cluding the adjacent facilities, in order to
reach a forest road network density more
than 7—8 m-ha~"'. At very first time, it would
be enough for the use of mobile cable sys-
tems of a length up to 800 meters, in a
combination with the specialized tractors
for haulage of the harvested wood.

References

FAO 1998. A Manual for the planning,
design and construction of forest roads in
steep terrain. Draft. FAO, Rome, 188 p.

FAO 1999. Environmentally sound forest
operations in Slovenia for whom? by R. Robek



Difficulties and Solutions In Assimilation... 9

and J. Marence: 89-94. In Proceedings of
the FAO/Austria Meeting on Environmentally
Sound Forest Operations for Countries
in Transition to Market Economies. Ort/
Gmunden, Austria, 20-27 September 1998.
FAO, Rome.

KraMER B.W. 2001. Forest road contracting,
construction, and maintenance for small forest
woodland owners. Research Contribution 35,
Forest Research Laboratory, Oregon State
University, Corvallis, 79 p.

Picman D., Pentek T. 1999. The use of
new technologies in opening up of forests.
In Proceedings on the International Scientific

Conference Emerging Harvesting Issues
in Technology Transition at the End of the
Century, Opatija, September 27 — October 1,
1999: 1-11.

ScHEss P. 1999. A watershed and
transportation plan for the North Hoodsport
Block. Techn. Report, College of Forest
Resources,  University of  Washington.
Department of Natural Resources, Engineering
Division, Olympia, 179 p.

Trzesniowskl A. 1998. Wood transport in
steep terrain. Seminar on Environmentally
Sound Forest Roads and Wood Transport,
Romania: FAO, 1996: 405-422.



FORESTRY IDEAS, 2012, vol. 18, No 1 (43): 10-18

PINE RESIN SECTOR IN PORTUGAL - WEAKNESSES
AND CHALLENGES

Amélia Palma’, Miguel Pestana”, and Anamaria Azevedo™

INRB — Instituto Nacional de Recursos Biolégicos (L—INIA) Av. da Republica, Quinta do
Marqués 2780—-159 Oeiras, Portugal, "E-mail: avpalma@hotmail.com;
“E-mail: miguel.pestana@inrb.pt; “E-mail: aazevedo49@gmail.com

Received: 27 October 2010 Accepted: 27 February 2012

Abstract

In the past, Portugal was an important producer and exporter of crude resin (pine oleoresin)
obtained from living trees. The main species used as a source of Portuguese naval stores until
today is Pinus pinaster Ait., one of the most productive resin species. With the increase of labour
costs in the forest, the international market competition from China and Brazil and the occurrence
of severe forest fires, the importance of both resin yield and industry has sharply diminished.
Despite of the decrease of Pinus pinaster area in last decades, this species still holds an impor-
tant position in Portuguese forest — 885,019 ha, according to the last National Forest Inventory
(NF1). In European Union (EU), Portugal remains one of the few countries with the capacity to
supply and fulfil the special needs of some industries: for instance turpentine for perfumery and
rosin for the manufacturing of tyres. In the present paper we estimated the potential yield capacity
of the Portuguese maritime pine forest based on the NFI data, and made a summarized SWOT
analysis, having in mind the weaknesses and the virtues of the remaining resin economic sector.

Key words: gum naval stores, pine resin industry, resin yield, SWOT analysis.

Introduction

Portugal was an important producer and
exporter of pine oleoresin, with yields
higher than 100,000 tonnes per year
before 1980 (CESE 1996). As an exam-
ple, in 1987 Portugal exported 110000
tonnes of naval stores with a total value
of 61,000,000 USD (Leite and Morais
1988). Several factors determined the
decline of this activity, namely the rise
of labour power costs in Europe, concur-
rence of China and Brazil raw materials,
wide occurrence of forest fires, which af-
fected particularly the age structure of

pine stands, and the lack of technologi-
cal innovation in pine tapping operations.

Despite these setbacks, the grow-
ing demands of the world market and
the European in particular, the need to
maintain rural employment and avoid
desertification, together with the resin
sector growth potential in Portugal, re-
quire a suitable development of naval
stores production. Therefore, it is impor-
tant to assess the potential resin yield of
Portuguese maritime pine forest. In this
paper all the estimations were based on
data from the most recent National For-
est Inventory (NFI).
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Characterization of Portuguese
Forest

The Portugal mainland forest area is
about 39 % of the mainland territory.
According to the NFI data (AFN 2010),
pure and mixed dominant stands of mari-
time pine occupy an area of 885,019 ha
which is 28 % of the mainland total forest
area.

Along the years considered in Ta-
ble 1, in spite of the existence of changes
in strata classification criteria as well as
differences in the chronological series for

different species (Sardinha et al. 1994),
several considerations can be done
about the evolution of forest stands area.

Thus, the analysis of available data
from 1874 t0 2005 shows a steady increase
of the pine and cork oak until 1974. How-
ever, since 1974 the forest area has not
increased significantly — only 4.6 %, and
on the contrary, in the last ten years (from
1995 to 2005) there was a slight decrease
of forest stands area, from 3,201,131 ha to
3,175,348 ha.

Even more worrying, however, is the
strong decrease in maritime pine areas,

Table 1. Evolution of forest stands area in Portugal Mainland
in the last 125 years (1874-2005), (1000 ha).

Year Pinus | Quercus | Quercus | Quercus | Castanea | Eucalyptus | Pinus | Other Total
pinaster | suber | rotundifolia| spp. sativa spp. pinea | species
1874 (1) 210.0| 370.0 - 60.0 - - - - 640.0
1902 430.2| 366.0 416.7 47.0 84.0 - - 612.6 | 1956.5
1928 1131.6 | 559.7 380.0 107.9 85.2 - - 67.0 | 2331.4
1934 1139.2| 7406 380.0 108.0 85.2 - - 67.0 | 2520.0
1939 1161.0| 690.0 360.0 108.0 80.0 - - 68.0 | 2467.0
1956 (2) | 1253.7 | 648.6 615.3 132.0 - 58.0 - 55.32762.9
1966 (3) | 1287.6| 636.8 578.6 - 256 98.9 - 164.3 | 2791.8
1974 1299.0 | 680.4 534.4 67.8 30.2 2431 - 181.7 | 3036.6
1985 1248.6 | 659.8 464.2 85.7 321 386.2 - 209.0 | 3085.6
1990 1252.3 | 664.0 464.7 1121 31.1 385.8 - 198.2 | 3108.2
1995 976.1| 712.8 461.6 130.9 40.6 672.0 77.7 129.4 | 3201.1
2005 885.0| 715.9 4129 150.0 30.0 739.5 130.4 111.6 | 3175.3

(Azevedo 1996, DGF 2001, AFN 2010)

(1) Pinus pinaster stratum includes also other pines; Quercus suber stratum includes Quercus rotundifolia
stands, and Quercus spp. stratum includes Castanea sativa stands.

(2) Castanea sativa stands were included in Quercus spp. stratum.

(3) Quercus spp. stands and another species were included in Other species stratum.
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about 32 %, during the last 30 years, as
shown on Figure 1.

On the other hand, since 1956 the area
of eucalyptus stands, which until then had
no significant value, started increasing rap-
idly (since the 1960s until now about 650 %).

It should be also emphasized that al-

though forest land in Portugal suffered
over the years several changes, during
the last 30 years its global area stabilized
slightly over 3,000,000 ha, mostly due to
the replacement of conifers (mainly Pinus
pinaster) by fast-growing broadleaves
(mainly Eucalyptus globulus).

1400 . 5
Pinus pinaster

_—

Quercus suber

[/ %cum—
\_N
: ; Eucalyptus sp.
/_/\
.

Quercus . .
Pinus pinea
N Castane 1va

0 T T T T T T ‘I\ T T T T 1
1874 1902 1928 1934 1939 1956 1966 1974 1985 1990 1995 2005

1200

1000

800

Area, 1000 ha

600

—_—

400

200

Years

Fig. 1. Evolution of land occupation by forest species in Portugal mainland.

Table 2. Forest land ownership structure (1000 ha). Concerning forest land own-

ership (Table 2), the structure re-

Forest land o o ined | h d si
ownnership 1980 % 2005 % mained nearly unchanged since
1980: 85 % of the forest land in
Private forests 26295 | 85 |2318.0 | 73 Portugal was under private own-
. ership, while the State forests

Industrial owners 185.5 6 317.5 10 . .

only attained 2 %. This fact made
Communities and 202 1 . 3493 | M Portugal one of the EU countries
other owners ' 95.3 3 with the lowest public forest area
State forests 6.1 5 953 3 and has been an obstacle for an
adequate management of the for-
Total 3085.2 | 100 |3175.3 | 100 est territories, including resin yield
planning and improvement. Nowa-

(IPF 1991 & Barreiro et al. 2010) days the situation is basically the
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same, with the fraction de-

tained by the industrial own- 120
ers rising from 6 % to 10 %.

Evolution of Oleoresin

100 ‘\\
80

AN

Yield and Trade Balance 60

40

\\

of Naval Stores in

Portugal 20

\\

Oleoresin yield, 1000 tons

\»

As mentioned above, 0
until 1980 Portugal had 1985
oleoresin yields higher than
100,000 tonnes per year.

T T
1990 1995 2000 2005

Y ears

However, the evolution Fig. 2. Evolution of oleoresin yield in Portugal (INE 2010).

of oleoresin yields since

1985 (Figure 2) shows that

the yield decreased heavily, to less than
50,000 tonnes until 1990, and further
on the reduction continued reaching ex-
tremely low values. Nowadays, accord-
ing to estimates of the industrial sector,
the yield is stabilized at a very low level,
around 5,000 tonnes per year.

In the past resin products represented
around 10 % of the forest sub-sector ex-
ports in value; however, until 2005 this
fraction decreased sharply to 1 %.

Figure 3 shows the evo-

Evaluation of the Potential Area for
Resin Tapping

The collecting of resin is generally per-
formed on mature trees, mainly Pinus pi-
naster, in pure or dominant stands, thus
excluding young trees. That is the reason
why the area of maritime pine considered
for tapping — 826,075 ha, in the calcula-
tions below is lower than the one referred
in Table 1 — 885,019 ha.

In order to estimate the potential ole-
oresin yield from maritime pine forest in

lution of import/export bal-
ance of Portuguese naval 60000

stores in the last years.
50000

During the last 30 years

of the 20" century, resin 40000

@ Exports

@ Imports

products as a whole con-
30000

tributed positively to the
import/export balance.
However, this situation
was reversed from 2005
on. Nevertheless for some 0

20000 —

10000 +—

International trade, 1000 €

AN
MMM

AMITIIIY

g

)

2

AN

of those products, for in-
stance turpentine and rosin

2000 2001 2005

N
o
o
(o))

Years

derivatives, the exportation
trend is increasing. E

g. 3. Evolution of international trade of Portuguese naval stores

(DGF 2003; DGRF 2005, 2007).
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Portugal the following assumptions were
considered:

Total potential area for resin tapping
was the area occupied by the trees with
the appropriate diameter for exploitation
(i.e., more than 25.5 cm);

Yields per tree from 1 to 4 kg of oleo-
resin (these values were obtained in tap-
ping essays which took place previously);

nations of both variables, yield per tree
and stand density, lead to the following
boundaries for potential resin yield in Por-
tugal mainland (Table 4).

Three percentages of potential area
were considered to calculate different
potential resin yields. It can be stated
that for 30 % class of potential area,
some values are very low. However,

Table 3. Area of maritime pine stands for tapping, estimated for scenarios 1 and 2;
tapped area according to NFI 2010.

Tapping (maritime pine)

Stand Composition Scenario 1 Scenario 2
NFI1 2010
long term before final cut long term before final cut
Pure, ha 55412.1 18854.3 87329.8 41541.5 66609.0
Mixed dominant, ha 15745.3 9593.3 23300.5 16499.8 15038.0

Densities compatible with good or reg-
ular conditions for oleoresin production: in
pure stands 200, 300 and 400 trees per
hectare, and in mixed dominant stands,
according to medium stand density (AFN
2010), about 63 % of those values;

Two tapping scenarios, a less' and a
more intensive one?.

According to the more recent NFl,
the total area of maritime pine stands,
for long term and before final cut tapping
is 66,609 ha for pure stands and 15,038
ha for mixed dominant. However, the
estimations based on the assumptions
referred above show potential resin tap-
ping areas considerably higher in both
scenarios (Table 3).

Estimation of the potential areas for
tapping together with all possible combi-

" Trees with DBH 30-39 cm in “long term tapping”
and tapping “before final cut” with DBH>40 cm.

2 Trees with DBH 25.5-34 cm in “long term tapping”
and tapping “before final cut” with DBH>35 cm.

considering 50 % class, most values are
already acceptable to assure a stronger
economic resin sector, namely in long
term tapping. In fact, during the golden
years of resin tapping, when Portugal
was responsible for the greatest values
of resin yield, the area submitted to ex-
ploitation was about 50 % of the total
pine forest area.

SWOT Analysis: an Approach

A summarized SWOT analysis was per-
formed in order to identify both strengths
and weaknesses of the resin sector and to
point out the available opportunities and ex-
isting threats on the external environment.
Key pieces of information were
grouped into two main categories:
strengths and weaknesses (internal fac-
tors to the organization) — personnel,
finance, manufacturing capabilities; op-
portunities and threats (presented by the
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Table 4. Potential resin yield in Portugal mainland, tonnes.

Potential Less intensive (1) More intensive (2)
Tapping regime

area, % min max min max
100 % Long term tapping 26108 156646 40767 244600
Tapping before final cut 4972 39776 10374 82994
50 % Long term tapping 13054 78323 20383 122300
Tapping before final cut 2486 19888 5187 41497
30 % Long term tapping 7832 46994 12230 73380
Tapping before final cut 1492 11933 3112 24898

external environment) — macroeconomic
matters, technological change, legisla-
tion and socio-cultural changes (Détrie
1993). An inventory of most relevant fac-
tors and trends which frame this activity
was made, based on official statistical
data and knowledge of agents inter-
viewed in a previous work (Palma 2008).

Oleoresin Production in the Field

Forestfires, leading to a deep unbalanced
age and dimensional structure of pine
stands in Portugal mainland, together
with Pine Wilt Disease (Bursaphelenchus
xylophilus) incidence, have diminished
the area suitable for resin tapping.

Resin collecting is a very labour-inten-
sive activity, which became unsustainable
along the years because of the rising costs
of field labour and the high prices of pine
stands hiring®. Along the years no techno-
logical advances were achieved in resin
tapping operations: the work is very hard,
requiring specific skills and there are few
workers available to perform it (Coppen
and Hone 1995). As a result, cost prices
of the national raw material are very often

higher than those of imported gum rosin
or turpentine.

World Production and Markets

China is by far the biggest world produc-
er, consumer and exporter of gum naval
stores — it is responsible for 70 % of the
world production and controls efficiently
the world market and prices. As a result of
this price fluctuation, the industry under-
goes cyclical instabilities.

Obviously Portugal as a small produc-
er does not control the market and cannot
guarantee the supply of its own internal
demands. Import from China and Brazil
is imperative to fulfil the demands of the
established industry.

However, for some specific purposes
chemical industry still prefers Portuguese
turpentine and rosin, based on specific
quality requirements.

3 Pine stands are usually hired for tapping at high
prices. There is, obviously, a conflict of interests be-
tween landowners and industry, landowners want to
preserve wood quality and the resin industry wants
to maximize resin yield.
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The main destinations for Portuguese
gum resin exports are European coun-
tries: Germany, Italy, Spain, Switzerland,
France and United Kingdom.

Industry and its Condition

Human resources in the sector have a low
level of training but have a good knowl-
edge of the resin products.

The total number of plants for oleores-
in manufacturing in Portugal is very low
and still decreasing. Currently there are
17: six for first transformation (rosin and
turpentine) and the other eleven for de-
rivatives (Anastacio and Carvalho 2008).
The two types of plants are very different.
The first ones are generally small, with a
weak financial structure and low produc-
tivity and technological conditions. The
second ones are considerably larger and
are equipped with modern technology,

making them competitive in markets with
growing quality demands.

Tables 5 and 6 summarize the issues
related to SWOT analysis.

Final Comments

As written above, the yield capacity of
Portugal for gum naval stores suffered a
strong blow, but the existing pine forests
still have the potential to increase signifi-
cantly oleoresin production.

In addition, there is a growing demand of
these products in the world, particularly in
Europe. For instance, the recent raising
value of gum turpentine as a result of the
increased demand may lead to a stimula-
tion of the resin sector as a whole. A posi-
tive factor is also the interest and efforts of
Spain to develop a mechanized system for
both resin tapping and collecting, in order
to maintain and expand their resin sector.

Table 5. SWOT Matrix: Strengths and weaknesses.

STRENGTHS
»  High quality and specificity of the raw
material

»  Contribution to increasing the profits of
forest owners

»  Maintenance of rural employment
combined with prevention of forest fires

» Resin tapping of a high productive
species, Pinus pinaster

WEAKNESSES

%  Small dimension of companies, with
inadequate equipments

< Non-solved environmental issues

(pollution problems)

< Low manpower qualification

«  Absence of suitable trade chains; strong
dependence on external intermediaries

«  Low innovation capacity (no efforts to
mechanize resin tapping)

«  Under exploitation of pine stands
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Table 6. SWOT Matrix: Opportunities and threats.

OPPORTUNITIES

»  Growing apprehension of consumers
with  environmental concerns: resin
products are natural and renewable

»  Raising price of crude

»  Spanish interest in maintaining the
Iberian resin sector (efforts to develop
new mechanized resin tapping devices)

»  Existence of modern plants for
manufacture of oleoresin derivatives;
establishment of links between them and
resin workers and first transformation
operators

»  New products outcome (insecticides and
wood preservatives)

The present economic crisis may also
contribute to an increased interest in ole-
oresin exploitation. Although the unem-
ployment is the main cause for this inter-
est, we should point out one of the most
important virtues of the resin tapping
activity: it maintains rural employment
avoiding desertification, and hence pre-
venting the rising impact of forest fires.
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Abstract

In this paper features of container “Paperpot”, “Yucosad”, “Pirosad” and bare root seedlings,
used in afforestation in the R. of Macedonia, are presented. Morphometrical features of seedlings
were measured and statistically compared. A further development of Austrian black pine trees
in stands and in experimental fields, raised from container and bare root seedlings in different
ecological conditions was investigated. Height and diameter of trees were measured, and their
vitality was estimated. Container type and its volume do not directly influence the seedlings qual-
ity. All investigated container seedlings have more or less satisfying features, independently on
container. Survival, development and vitality of young stands depends more on site conditions
and planting techniques; the influence of container type is not expressive. Survival and vitality
of younger stands is quite poor. Trees in older stands develop more or less normally, influenced
mostly by site conditions. There is not crucial influence of container type on development and
vitality of stands recorded.

Key words: Austrian black pine, bare root seedlings, container seedlings, growth parameters,
stands.

Introduction

In the Republic of Macedonia, ca. 20 %
of reforestation and specially affores-
tation, has been executed with con-
tainer seedlings. Since 1974, container
“Paperpot” has been used, while a do-
mestic hard-plastic container “Yucosad”
was developed few years later and is
widely used ever since. Other contain-
ers (“Plantagrah”, “Makosad”, “Pirosad”
etc.) are rarely used. The development

of stands raised by “Yucosad” seedlings
has been under suspicion because of root
deformation. Consequently, poor devel-
opment, and finally dying of “Yucosad”
Austrian black pine stands, at age ap-
prox. 6—8 years, has been prognosticated
(Popovski 1985).

In Macedonia investigations of contain-
er seedlings were executed by Popovski
(1986), Kolevska (1995), Kolevska et al.
(2006), and development of Austrian black
pine stands by Kolevska (1995), Trajkov et
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al. (2002). Container seedling features and
development of stands raised by container
seedling worldwide were investigated by
many researchers (Van Eerden and Arnott
1974, Lokvenc 1985, Scarrath 1991, Jones
et. al. 2002, etc).

The aim of this investigation is to es-
tablish whether the container seedlings
influence the growth and vitality of trees.
For this purpose seedlings of Austrian
black pine produced in containers “Pa-
perpot”, “Yucosad” and “Pirosad” and as
bare root, were analyzed. The further de-
velopment of trees of respective seedling
types, in stands and experimental fields,
with different age and from various eco-
logical conditions in the R. of Macedonia,
was analyzed.

Materials and Objects

There were analyzed 1+0 Austrian black
pine seedlings, produced in contain-
ers “Paperpot” (FH 508, vol. 120 cmd),
“Yucosad” (hard-plastic, bullet-shape,
h=10cm, upper d=3.8 cm, volume=70 cm?®)
and “Pirosad” (hard-plastic cylinder-shape,
with a plastic cone-shape insert in the lower
part of the container for better distribution
of the roots, h=12 cm, d=5 cm, volume ca.
160 cm?®). As control, 1+0 bare root seed-
lings were analyzed. There were analyzed
30 seedlings in 4 replications, i.e. total of
120 seedlings of each seedling type.

The investigation of trees was execut-
ed both in stands, planted during regular
afforestation activities of the forest opera-
tive, and in experimental fields.

Trees in 15 stands from different lo-
calities in Macedonia were analyzed.
Trees (stands) originated from Paperpot,
Yucosad and bare root seedling stocks.

Stands develop in different ecological con-
ditions: altitude: 250-1300 m, soil: Eutric
Cambisols, Distric Cambisols, Alluvial and
Rendzinas. Soil preparation: generally by
opening a furrow; planting technique: into
a notch or a small hole, by various plant-
ing tools.

Apart from these 15 stands, develop-
ment of container (Paperpot, Yucosad,
Pirosad) and bare root trees was analyzed
in 4 experimental fields (A, B, C and D).
Within each experimental field, container
and bare root seedlings were planted by
the same planting technique in the same
ecological conditions.

Total of 19 stands and experimental
fields of age 4-19 years were analyzed.
On each stand, i.e. experimental field, 11—
30 trees, i.e. a total number of 677 trees
were measured and analyzed.

Methods

The following parameters of seedlings
were measured: height of shoot (mm); No
of lateral buds, root collar diameter (mm)
and weight of shoot and roots in absolute
dry condition (g).

The following parameters of trees were
measured: height of shoot (cm), root collar
and stem diameter at 1.3 m (cm). The an-
nual height and diameter increment were
calculated. A survival, vitality and stability
of trees were estimated. Statistical analy-
ses were executed by SPSS program;
ANOVA and t-test were used to compare
the means.

Abbreviations used in this paper have
the following meaning: PP=Paperpot;
YS=Yucosad, PS=Pirosad, BR=Bare root;
H=height, AHI=annual height increment,
RCD-=root collar diameter; D, , =diameter
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on 1.3 m; ADI=annual diameter incre-
ment; WADC=weight in absolute dry
condition; N=number of analyzed trees;
X=mean; SD=standard deviation; vitality:
1=poor, 2=medium, 3=good; *=statistical
significance (p<0.05).

Results and Discussion

1. Seedlings 1/0

Parameters of 1+0 seedlings are pre-
sented in Table 1. Statistical significance
of the means is tested for H and RCD.
Compared to BR seedlings as control,
only PP seedlings are statistically higher.
BR seedlings have bigger RCD than all
other seedlings types.

2. Trees in stands and in experimental
fields

Results of the investigation of the trees are
exposed summarily, both for stands and
experimental fields, separately for each
seedling stock type, in Tables 2-5. Results
are presented starting from youngest
trees. Since part of the investigation was

executed in 4 experimental fields, where
the technique of establishing each experi-
mental field was the same and the trees
develop in the same ecological conditions,
statistical testing of means is executed. For
this purpose, morphological features only
for the trees from experimental fields are
repeated and results of statistical testing
are presented in Tables 6-9.

Results presented in Tables 2-5 show
that trees of all seedling type origin devel-
op more or less normally, i.e. according to
the age and ecological conditions of the
stand (experimental field). Young trees
have generally poor vitality, while older
trees show good one.

2.1. “Pirosad”

Trees in two 4-year-old experimental
fields were investigated. Height of shoots
and RCD and resp. increments do not
vary in wide range. Trees have medium
vitality (Table 2).

2.2. “Paperpot”

Results of investigating trees from 7
stands and 4 experimental fields are pre-
sented in Table 3. The less stem height

Table 1. Basic morphometrical features of the seedlings.

No of WADC, g
Seedling H, mm RCD, mm H:RCD, buds hoot t
type mm:mm shoo roots )
ratio
X sD X SD X | SD X SD X SD
BR 749 | 120 | 253 | 0.39 32 36 | 1.2 - - -
PP 97.7* | 1.63 | 2.22* | 0.49 44 16 | 1.5 | 047 | 012 | 0.25 | 0.09 1.88
YS 752 | 118 | 2.11* | 0.28 36 32 (10| 042 | 011 | 025 | 0.10 | 1.68
PS 845 | 1.79 | 2.13* | 0.30 40 36 |14 ] 058|013 | 038 | 013 | 1.53
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Table 2. Biometrical features of the trees of “Pirosad” seedlings origin.

Alti- H, cm RCD, cm D13m, M
Exp. Age,
field tude, N aver aver. Vitality
e years . .
m X ) AHI X | SD | “ap/ | X | SD
A 250 4 11 36.8 | 10.0 92 | 08 | 02 0.2 - - 2
B 500 4 30 | 397 | 69 99 | 09 | 02 0.2 - - 2
of 4-year-old trees is 34.4 cm, while (Table 4). The shoot height varies from

14-year-old trees reach 323.2 cm. RCD
increases from 0.8 cm to 10.8 cm by 4,
resp. 14-year-old trees. The AHI varies
from 8.6 cm to 26.8 cm, and the ADI from
0.2cmto 0.9 cm.

2.3. “Yucosad”

Trees in 5 stands and 4 experimental
fields, 4-17 years of age, were analyzed

27.9 cm (4-year-old trees) to 402.9 cm
(17-year-old). RCD increases from 0.6 cm
to 11.5 cm (4, respectively 17-year-old
trees). The AHI varies from 7.0 cm to
25.6 cm and the ADI 0.2 cm to 1.0 cm.

2.4. “Bare root”

Trees in 3 stands and 4 experimental
fields 4—-19 years of age, were investi-

Table 3. Biometrical features of the trees of “Paperpot” seedlings origin.

Exp. Alti— Age, H,cm RCD, cm Di3m, CM
field tude, years N aver. aver. Vitality
m X SD AHI X SD ADI X SD
A 250 4 30 344 7.9 8.6 0.8 0.1 0.2 - - 1
B 500 4 30 446 9.5 11.2 0.9 0.2 0.2 - - 1
400 5 30 49.9 12.8 10.0 1.3 0.4 0.3 - - 2
325 10 20 132.2 | 143 13.2 6.2 0.9 0.6 - - 2
C 1300 10 20 | 206.7 | 34.6 20.6 7.8 1.6 0.8 35 | 22 3
D 450 11 20 | 2779 | 464 25.3 9.5 1.7 0.9 44 | 13 3
300 12 30 | 204.6 | 422 17.1 6.6 0.8 0.5 19 | 05 2
630 13 17 | 205.8 | 29.0 15.8 7.9 1.0 0.6 29 | 1.0 2
615 13 19 | 2586 | 323 19.9 8.0 1.1 0.6 3.7 | 07 2
600 13 17 | 3485 | 384 26.8 104 | 1.6 0.8 6.0 | 0.8 3
300 14 20 3232 | 295 23.1 108 | 1.8 0.8 6.7 | 1.0 3
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Table 4. Biometrical features of the trees of “Yucosad” seedlings origin.
Exp. Alti- Age, H, cm RCD, cm D13m, €M
ol tude, yoars N « o aver. « op | aver. « . Vitality
m AHI ADI
A 250 4 11 345 7.9 8.6 0.8 0.1 0.2 - - 1
B 500 4 30 34.7 6.9 8.6 0.8 0.0 0.2 - - 1
400 4 20 27.9 6.4 7.0 0.6 0.2 0.2 - - 2
400 5 30 55.0 12.2 11.0 14 0.3 0.3 - - 2
700 8 30 | 146.1 | 17.0 18.3 7.7 1.2 1.0 1.8 | 04 2
C 1300 10 20 | 230.6 | 37.0 | 23.1 9.0 1.6 0.9 39 | 1.2 3
D 450 11 17 281.1 42.2 25.6 9.8 1.3 0.9 4.7 1.2 3
300 16 30 | 3517 | 333 | 220 | 11.3 | 11 0.7 7.0 | 0.9 3
420 17 29 | 4029 40.7 23.7 11.5 1.4 0.7 7.3 1.0 3

gated (Table 5). The shoot height var-
ies from 38.3 cm (4-year-old trees) to
428.6 cm (19-year-old). RCD increas-
es from 0.8 cm to 12.8 cm by 4, resp.
19-year-old trees. The AHI varies from
7.7 cm to 23.1 cm, and the ADI from
0.2 cmto 0.9 cm.

2.5. Experimental fields

Four of the investigated stands were es-
tablished as experimental fields A, B, C
and D. In Tables 6-9 a repetition of the fea-
tures of trees from the experimental fields
(from Tables 2-5) is presented, separately

Table 5. Biometrical features of the trees of “Bare root” seedlings origin.

Alti- H, cm RCD, cm Di3m, cM
Exp. Age,
old tude, N aver aver Vitality
e years . .
m X sD | “Ani X | sD | %A X | sb
A 250 4 11 | 427 | 93 8.5 08 | 02| 02 - - 1
B 500 4 30 | 383 | 87 7.7 08 | 03| 02 - - 1
1000 9 30 | 1218 | 269 | 135 | 62 | 14 | 07 - - 2
o} 1300 10 17 | 2493 | 468 | 227 | 96 | 21| 09 | 45 | 16 2
D 450 11 18 | 2771 | 408 | 231 | 96 | 15| 08 | 45 | 1.3 3
420 17 30 | 3170 | 271 | 186 | 125 | 17 | 07 | 65 | 1.0 3
380 19 30 | 4286 | 485 | 226 | 128 | 18 | 07 | 7.9 | 13 3
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Table 6. Biometrical features of the trees in experimental field A.
Seedl A H, cm RCD, mm Dism Survi-
eedl. e,
Ef)i(gvlzr. , 9 N - - Vitality val
ype | years . . o
X |'SD| " | X |SD | ap/ | X | SD %
A BR 4 30383 87| 77 |08 |03| 02 | - | - 1 20
A PS 4 30397 [69] 99 [09*]|02| 02 | - | - 2 40
A PP 4 30 |446* |95 | 112 [ 09| 02| 02 | — | - 1 30
A YS 4 30| 347 |69| 86 |08 |00]| 02 | - | - 1 30
for each experimental field, together with  dium. Survival range is low in all seedling
the results of comparative analyses of sta-  types.

tistical testing (with BR trees as control).
Experimental field A (Table 6) repre-
sents a young stand, where ecological
conditions are far from favorable for Aus-
trian black pine (250 m a.s.l.) Best results
show PP and PS trees, while YS trees
have worst features. PP seedlings are
statistically higher and thicker than control
(BR). Vitality of all seedling types is poor
to medium, and survival range is low.
Quite similar situation is recorded in
experimental field B (Table 7), which also
represents young stand in less favorable
ecological conditions (500 m a.s.l.) Best
results manifest BR trees, while container
stock types have quite similar features.
Vitality of all seedling types is poor to me-

Experimental field C (Table 8) is raised
in very favorable ecological conditions
(1300 m a.s.l.) BR trees have statistically
better features compared to trees with con-
tainer origin. Vitality of all trees is good.
Survival range is high in all seedling types.

Experimental field D (Table 9) is raised
in less favorable ecological conditions
(450 m a.s.l.), however vitality of all trees
is good and survival range is high. Fea-
tures of trees of all seedlings stock types
are very close, without statistically signifi-
cant differences.

From this investigation arises that con-
tainer type, i.e. its volume, does not direct-
ly influence the seedlings quality. Quite
big differences between container vol-

Table 7. Biometrical features of the trees in experimental field B.

Seedl A H, cm RCD, mm Dism Survi-
eedl. e,
E;i(gzr. t 9 N - oo Vitality val
ype | years . . o,
X SD AHI X | SD ADI X | SD %o
B BR 4 11| 427 9.3 8.5 0.8 | 0.2 0.2 - | - 1 20
B PS 4 11 | 36.8 | 10.0 9.2 0.8 | 0.2 0.2 - - 2 40
B PP 4 30 | 344 | 79 8.6 0.8 | 0.1 0.2 - - 1 30
B YS 4 11 | 345 | 7.9 8.6 0.8 | 0.1 0.2 - - 1 30
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Table 8. Biometrical features of the trees in experimental field C.
Seed A H,cm RCD, mm Dism Survi-
eedl. e,
Ef)i(glzr. t g N o oo Vitality val
ype | years - . o
X sSD AHI X SD ADI X SD %o
C BR 10 17 | 2493 | 46.8 | 22.7 | 96 | 21 0.9 45 | 1.6 3 80
(¢} PP 10 20 | 206.7* | 346 | 206 | 7.8* | 1.6 0.8 3.5% | 2.2 3 90
(¢} YS 10 20 | 230.6* | 37.0 | 23.1 9.0 | 16 0.9 3.9° | 1.2 3 85
Table 9. Biometrical features of the trees in experimental field D.
seedl. | A H, cm RCD, mm Di3m Survi-
eed|. e,
Ef)i(;zr. t 9 N o oo Vitality val
ype | years . . o
X SD AHI X | SD ADI X | SD %
D BR 11 18 | 2771 | 408 | 231 | 96 | 1.5 0.8 45 |13 3 90
D PP 11 20 | 2779 | 464 | 253 | 95 | 1.7 0.9 44 113 3 95
D YS 11 17 | 2811 | 422 | 256 | 98 | 1.3 0.9 4.7 | 1.2 3 95

ume (70, 120 resp. 160 cm?) are not fol-
lowed by respective differences in seed-
ling features (PP seedlings from 120 cm?
are statistically higher than PS seedlings
from 160 cm?® volume container). Many
researchers, who investigated seedling
development in various containers, have
come to similar conclusions (Petrovic
1991, Lokvenc 1980, Popovski 1986).
However, more important than initial seed-
lings features is their survival and growth
on new site. Investigations on stands es-
tablished with container seedlings have
been executed worldwide (Thompson
2001, Van Eerden and Arnott 1974, Jones
et al. 2002, Scarrath 1991), which testify
about great importance of this issue. Vol-
na and Mauer 1983, Stilinovic et al. 1980,
Lokvenc 1985, Smit et al. 1985, Kolevska
1995, etc. established that development
of trees depends on number of factors,
and among them container type has vari-

ous influence. However, vitality and devel-
opment of trees from container seedlings
reflect their complex condition, specially
their non-visible part — the root system
(according to Lokvenc, 1980, 1985, Volna
and Mauer (1983) etc.) They established
that one of the factors which can signifi-
cantly influence the development of the
“container stands” is roots deformations,
which emerge during the growth of seed-
lings in the container and/or during and
after transplantation.

Comparison of features of young trees
(age 4-5 years) in this investigation, with
the results of Austrian black pine stands
investigations at the same age, container
types and similar ecological conditions
(Popovski et al. 1983, Stilinovic et al.
1986, Kitic and Vilotic 1985 etc.) does not
show considerable differences. Most of
other investigators emphasize on the mu-
tual influence of site factors and planting
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procedures on the future development of
stands, and they do not consider container
type as a crucial factor. Survival and devel-
opment of young container trees depends
more on site conditions and planting tech-
niques, because of relatively small dimen-
sion of the shoot and root ball (possible
damages of weeds, danger of drought,
root deformities). Especially dry sites, un-
favorable soil conditions, poor site prepa-
ration and bad planting can cause serious
problems in stand development. In such
conditions, regeneration of roots is poor,
which causes worse seedlings survival
and vitality. This is the case in our investi-
gation, where all young stands, raised on
dry sites, manifest poor vitality and sur-
vival (2040 %) and numerous root de-
formities. Even the Pirosad seedlings with
the biggest volume of the container have
quite a low survival range (ca. 35 %). This
proves that even container seedlings can
face a biological shock after transplanting,
similarly to bare root seedlings.

According to this investigation, the in-
fluence of container type on development
of trees in older stands becomes even
less significant. All analyzed stands de-
velop more or less normally, conditionally
to planting techniques and site conditions.
Vitality of older stands is medium to good,
and there is no crucial influence of specific
container type recorded. The experimen-
tal fields confirm such statement: bigger
differences between trees of different ori-
gin were recorded on experimental field
C, while very small ones on field D.

Conclusions

Best parameters have “Pirosad” and
“Paperpot” seedlings. The other seedling

stock types have satisfactory quality pa-
rameters.

Growth and vitality of trees, raised from
different seedling types, by various plant-
ing techniques and developing in different
ecological conditions, do not depend pri-
marily on seedling type.

Young container stands have faced bi-
ological shock similarly to bare root seed-
lings. Development of stands is influenced
mostly by climatic conditions in the first
years after transplanting, site conditions,
quality of planting, etc. Older stands,
raised both from container and bare root
seedlings, develop well.

All investigated container type seed-
lings, i.e. “Paperpot”, “Yucosad” or “Piro-
sad”, with a prerequisite of expert, con-
sistent, timely and high-quality executing
of all separate steps in seedling produc-
tion and planting process will contribute
to development of productive, stable and
healthy stands.
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Abstract

Several methods for overcoming wild cherry seed dormancy have been studied. Wild cherry
(Prunus avium L.) seeds have shown to be affected by combined dormancy: weak morphological
and deep physiological dormancy. Fresh stones responded differently to the various methods for
dormancy breaking. The study showed that the dormancy of fresh seeds is successfully over-
come by sowing the seeds immediately after their harvest or in autumn. Stored seeds, however,
did not have a positive response to these specific sowing periods. Acceptable germination rates
were achieved after application of seed stratification. Findings showed that accelerated stratifi-
cations did not give positive results for successful dormancy break in the conditions of Bulgaria.
Stored seeds should be sown in spring after application of combined warm and cold stratifications

with the following durations: 6 weeks of warm period and 5 months of cold period.

Key words: germination, seed dormancy breaking, stratification, wild cherry.

Introduction

Seeds of wild cherry (Prunus avium L.) of-
ten do not possess satisfactory germina-
tion. It depends on the conditions during
the year, the individual genetic differences
and the embryo dormancy. This requires
selecting a suitable sowing period and ap-
propriate stratification (Michev 1953; Dirr
and Heuser 1987; Suszka et al. 1996;
Esen et al. 2006, 2009).

Previous and some recent studies ac-
cepted that the stone endocarp caused
the mechanical dormancy of seeds (Tukey
1924, Hartmann and Kester 1983, 2002;

Cetinbas and Koyuncu 2006). Different
methods for its removal have been applied
most often without positive results (Zielinski
1958). Later, Suszka et al. (1996) rejected
the possibility of its role in germination delay.

It has been thought for many years that
dormancy breaking requires cold stratifi-
cation at temperatures from 1.7 °C to 6 °C
(Crocker 1931, Giersbach and Crocker
1932, Coe and Gerber 1934, Haut 1938,
Zielinski 1958, Huntzinger 1968, Seeley
and Damavandy 1985).

Suszka (1967) proved that germination
is significantly improved by alternating warm
and cold stratifications: 14 days at tempera-
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ture of 20 °C followed by 189 days at 3 °C.
Similar approach was adopted by Dirr and
Heuser (1987): 3—6 weeks of stratification
at temperature of 15-21 °C followed by cold
stratification at 4-5 °C for 12—21 weeks.

Suszka (1967) proposed a new method
of stratification involving alternating treat-
ments: initial period at temperature 25 °C
followed by a cold period for two weeks at
3 °C and a subsequent period again at tem-
perature of 25 °C (Table 1, test variant 1).

Later, some researchers also used
pre-sowing preparatory treatments of al-
ternating warm and cold phases. Muller et
al. (1990) proposed 3 cycles of warm and
cold stratification. Table 1 shows few more
recommended approaches: Michalska
and Suszka (1980a, 1980b) — test variant
2; Seeley and Damavandy (1985), Esen
et al. (2009) — test variant 3; Suszka et al.
(1996) — test variants 4, 5, 6.

When the cold period is not long
enough and is interrupted by a warm one,
secondary dormancy is induced (John et
al. 2003). This results in the epicotyl los-
ing its ability to grow, the formation of a
shortened shoot and leaf rosette, and a
delay in the growth of rootlets (Suszka
1967, Huntzinger 1971, Michalska 1982).

Seeds may be sown immediately after
harvest in July or August (Dirr and Heuser
1987, Suszka et al. 1996), or earlier in
autumn, from the beginning of Septem-
ber to mid-October at the latest (Swingle
1925, Huntzinger 1971, Grisez 1974,
Grzeskowiak et al. 1983). If the stones
are stratified in a controlled environment,
sowing may take place immediately be-
fore winter (Suszka et al. 1996).

Although the technology for seedling
production is considered to be well-estab-
lished, there are still unclear points concern-
ing the organic dormancy and the ways for
overcoming, which was proved by numer-
ous varied recommendations for different
pre-sowing treatments and periods of sow-
ing. The reason is the regional nature of the
studied biological traits. Presented issues
outline the need for studies aiming to clarify
the specificity of dormancy of native popula-
tions and the ways for overcoming it.

Material and Methods

Seeds from 6 sources were used in this
study (Fig. 1):

Table 1. Test variants of pre-sowing treatments of wild cherry seeds.

Sequence/duration of stratification phases (weeks)
Variant
warm cold warm cold warm Cold
1 2w| 25°C |2w|3°C 2w| 25°C |12-16w| 3°C - -
2 2w | 20°C |8w|3°C 2w| 25°C 3 °C to the end - -
3 2w| 20°C |6w|3°C 2w| 25°C 4w 3°C [2w| 25°C 11w |3°C
4 - 6w |3°C 2w| 25°C 2w 3°C [2w| 25°C [12-16w |3°C
5 2w| 20°C |6w|3°C 2w| 25°C 2w 3°C [2w|20-25°C| 8-12w|3°C
6 2w |20-25°C| 2w |3°C 2w|20-25°C|12-16w| 3°C - -
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Forest Service Targovishte — seed lots
No 1, 2 (plot 13 n 187);

Forest Service Smyadovo — seed lots
No 3, 4 (plot 156);

Forest Service Sofia — seed lot No 5
(plot 382);

Forest Service Gabrovo — seed lot No
6 (plot 257);

Forest Service Belovo — seed lot No 7
(plot 610);

Forest Service Cherni Lom — seed lot
No 8 (plot 67).

The seeds were collected in 2006.

The seed viability has been assessed
according to ISTA 1996.

The effect of sowing periods and
various pre-sowing treatments on fresh
and stored-for-one-year seeds has been
studied to evaluate their germination in

soil on the basis of the following test
variants:

Variant 1 — Control: viability testing;

Variant 2 — Summer sowing in the field;

Variant 3 — Autumn sowing of stored
seeds in the field;

Variant 4 — 4 months of cold stratifica-
tion (according to ISTA 1996);

Variant 5 — Stratification: 3-months
warm phase + 4-months cold phase;

Variant 6 — Stratification: 6-weeks
warm phase + 5-months cold phase;

Variant 7 — Accelerated stratifica-
tion: 6-weeks cold phase, 2-weeks warm
phase, 2-weeks cold phase, 2-weeks
warm phase, 12 to 16-weeks cold phase;

Variant 8 — Accelerated stratifica-
tion: 2-weeks warm phase; 2-weeks cold
phase, 2-weeks warm phase, 2-weeks

RFD Berkovitca

RFD Lovech

Sofia

RFD Sofia

RFD Kustendil

Belovo
RFD Plovdiv

RFD Blagoevgrad

RFD Smolian

RFD Veliko Tamovo

@Gabrovo

RFD Stara Zagora

RFD Karjali

i
|

RFD Ruse

RFD Varna

RFD Burgas

Fig. 1. Map of Bulgaria with the sources of seeds used in the experimental work.
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cold phase, 2-weeks warm phase,
8-weeks cold phase.

The medium used for the pre-sowing
treatments was perlite. Sowing took place in
a greenhouse at temperature of 20-25 °C.

Results were statistically analyzed us-
ing SPSS software, ANOVA and Post Hoc
Test and a confidence level at 95 %. To
show the statistical differences of the re-
sults, the test variants without statistically
significant differences were indicated with
the same capital letter, while those with
statistically significant differences — with a
different letter.

Results and Discussion

The seed viability (Table 2) varied from
80 % (Sofia) to 98 % (Smyadovo). After one
year of storage it decreased by between 1
and 5 % depending on the seed lot.

The seed germination is shown in
Table 2. Fresh seeds had the highest
germination in the summer and autumn
sowing test variants (62 % on average).
Values for each seed lot vary from 51 %
(Sofia) to 73 % (Targovishte) for the sum-
mer sowing test variant, and from 42 %
(Belovo) to 78 % (Targovishte) for the au-
tumn sowing one.

Table 2. Seed viability.
Variant 1 Variant 2 Variant 3 Variant 4 Variant 5 Variant 6 Variant 7 Variant 8
3
No Seed lot E 5 é °\°, '-'?JI g» % °\°, % °\°, % ,\i % °\° % ,\i
o = s > = > s > 5 > = > s > s >
oo

1 | Targovishte 1 88 5643 | 329 | 614 |57.7|6+0.3 | 0.3 | 5%1 1.7 | 16£2 | 13.3 | 1£0.3| 0.3 | 10£2| 17.7
2 | Targovishte 1s| 93 - - 7+1 8.7 | 5+3 |25.7| 19+6 [126.2| 8243 | 30.2| 2+#1 | 8.2 | 5+#3| 27
3 | Targovishte 2 97 73+3 | 447 | 78+4 | 76 | 9+2 |24.9| 10+£3 | 24.9 | 4746 |165.7| 10.5| 0.9 | 31+4| 65.6

4 | Targovishte 2s| 97 - - 2+2 | 14.9| 21+2 [ 22.9| 79+2 | 10.9 [49+10|375.6| O 0 0 0
5 | Smyadovo 1 98 59+7 | 208.2 | 71+2 |12.2| 13x3 | 41 11£3 | 30.3 [ 16+£2 [ 10.9 | 2#1 8 | 36£3| 32.9

6 | Smyadovo 1s 31 - - 0 0 0 0 0 0 [10£0.5| 0.9 0 0 0 0
7 | Smyadovo 2 98 58+8 | 235 | 68+3 |30.9| 1244 |49.3| 13£2 | 14.9 | 1642 | 9.6 | 2+1 | 4.7 | 20+6| 127

8 | Smyadovo 2s 96 - - 11 2 | 3443 | 25.6| 771 | 6.7 | 825 |117.6] 1+1 1 0 0
9 |[Belovo 95 67+6 | 157.3 | 421 | 49 | 51 6.7 | 4¥0.4 | 0.7 | 8%1 | 5.7 [ 1x05| 0.9 | 11£3| 30
10 | Belovo—-s 93 - - 22+2 [ 13.3| 1642 [ 21.6| 7245 | 88.7 | 735 | 86.7 | 4+2 | 12.3| 6+2| 18.9
11 | Sofia 80 5145 | 106.9 [49+0.5| 0.9 | 9+0.3 | 0.3 | 2#0.4 | 0.7 [ 1243 [34.7 | 2+1 | 1.7 | 12+1| 5.67
12 | Sofia-s 75 - - 143 | 37.6| 2443 | 34.9| 6647 | 199 | 716 |140.7| 2+1 | 6.9 | 4+2| 18.9
13 | Gabrovo 97 63+3 | 39.6 | 61+1 | 43 | 18+1 | 2.7 | 5+2 | 13.3 | 1543 |43.3| 3x1 | 3.3 | 21x1| 4.3

14 | Gabrovo —s 96 - - 1#0.3 | 0.3 | 3#1 1.7 | 84x2 14 | 8246 |155.3| 31 5.7 0 0
15 | Cherni Lom 98 72+4 | 55.3 | 63+2 | 249 1742 | 13.3| 181 7 10+5 | 87 | 2#1 1.7 | 114£2] 12.2

16 | CherniLom—-g 97 - - 1+1 2 2043 | 48.2( 3247 |211.6| 7245 (116.3| 1#1 22 0 0

Note: Used symbols have following meaning:

1. letter “s

is used to indicate stored seeds of various seed lots.

2. “M” — mean values; “SE” — Standard error; “V, %” — coefficient of variation.
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The autumn sowing test variant showed
the same or higher germination percent-
age compared to that of the summer sow-
ing. This indicates that the morphological
dormancy was not too pronounced, and
the period of seed dormancy was taking
place at the higher temperatures in au-
tumn before the winter cold was enough
for the dormancy break.

The cold stratification for 4 months re-
sulted in low germination: 11 % on aver-
age, from 5 % (Belovo) to 18 % (Gabro-
vo). This is an indicator of morphological
dormancy, which requires a warm phase.

The test variants of warm and cold
stratification, however, did not have the ex-
pected high germination percentage of the
fresh seeds. Test variant 5 had an aver-
age value of 8 %: from 2 % (Sofia) to 18 %
(Cherni Lom). Test variant 6 resulted in an
average germination of 17 %, varying from
8 % (Belovo) to 47 % (Targovishte). These
results indicate that wild cherry seeds do
possess combined morpho-physiological
dormancy. It can be accepted that a warm
phase for 6 weeks is a long enough period.
At the same time, a 4-month-long cold pe-
riod was not long enough to overcome the
physiological dormancy and better results
were obtained when the cold phase lasts
for at least 5 months.

The alternation of short, warm and cold
phases (test variant 7) probably led to the
induction of secondary seed dormancy.
The low germination indicates that when
there is morphological dormancy, it is not
justified to begin the pre-sowing treatment
with a cold phase.

Having a warm phase for a period of
2 weeks at the start and increasing the
number of treatments (test variant 8) re-
sulted in increase in germination from 2 %
to 19% (from 11 % for Belovo and Cherni
Lom to 36 % for Smyadovo 1).

Stored seeds showed different ten-
dencies in comparison with fresh seeds.
Seeds from all seed lots did not germinate
in the summer sowing test (Table 2). The
autumn sowing also showed very low val-
ues: an average of 6 %, from 1 % (Smy-
adovo 2, Gabrovo and Cherni Lom) to
22 % (Belovo).

In general, common warm and cold
stratifications have shown considerably
better results in comparison with the ac-
celerated pre-sowing treatments.

The stored seeds’ germination was
most intensive with the warm and cold
stratification (test variant 6) — on aver-
age 61 %, from 49 % (Targovishte 2) to
82 % (Gabrovo, Smyadovo 2 and Targo-
vishte 1). An exception with a low ger-
mination percentage is the seed lot of
Smyadovo 1.

Test variant 5 had an average germina-
tion percentage of 54 %. The germination
percentage of the seed lots ranged from
19 % (Targovishte) to 84 % (Gabrovo).

Accelerated stratifications had a seed
germination of less than 10 %. Consider-
ing the fact that the 4-months-long cold
stratification led to an average germina-
tion of 16 % (from 3 % for Gabrovo to 34 %
for Smyadovo 2), it can be concluded that
these accelerated stratifications induced
secondary physiological dormancy in the
stored seeds as well.

Table 3 shows the significance of vari-
ous factors on seed germination. Of the
three tested factors, type of stratification/
sowing period and seed lot quality signifi-
cantly affected the seed germination.

Of the two factors, a stronger effect on
seed germination had the type of stratifi-
cation (92 % in the fresh seeds, and 77 %
in the stored seeds). The seed lot quality
had a considerably less profound effect:
7 % in the fresh seeds and 22 % in the
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stored seeds, re-

Table 3. Effect of various factors on seed germination (ANOVA test).

spectively. A factor

. " Degrees Level of
V\{'thf)f"t statistical Factor of significance
significance was the freedom | (p-value)
type of seeds. This [ Type of stratification 7 0.000
means that regard- | geeq ot 7 0.000
less of whether the Type of seeds (stored/fresh) 1 0.395
seeds are fresh or ——
stored selecting the Type of stratification * seed lot 49 0.000
right approach for Type of stratification * Type of seeds 0.000
dormancy breaking, | Seed lot* Type of seeds 0.000
i.e. type of stratifica- | Type of stratification * Type of seeds * Seed lot 42 0.000

tion or sowing pe-
riod, ensures high
soil germination.

Tables 4 and 5 show the significance
of the different factors affecting seed ger-
mination.

Considering the method applied for
overcoming the organic dormancy in the
process of seed germination, it has been
found out that summer and autumn sowing
of the fresh seeds led to statistically insignifi-
cant results: 62 %.

Statistically insignificant results were
also obtained for the
stored seeds from the
stratification test variants

fore, in order to overcome the morpho-
physiological dormancy, it is not appropri-
ate to begin the pre-sowing treatment with
a cold phase.

For the stored seeds, only the two test
variants of accelerated stratification had
statistically insignificant results: germination
of 2 %. All other test variants show values
which have statistically significant differ-
ences.

The highest germination of 61% was
obtained with the warm and cold stratifica-
tion of test variant 6.

Table 4. Effect of type of stratification on seed germination, %.

4 and 5: from 11 % to 8 %. Type of Fresh seeds Stored seeds
These results show that stratification

0, 0,
the period of 4 months MESE v, % M£SE v, %
is not long enough cold | seed viability 94+1a | 386 | 85+4a | 474
phase.

Statistica”y, test vari- Summer sowing 62+2 b 140.8 — -
ants 6 and 7 can be re- [, o uing 62:2b | 140.2 | 6%1b 65.4
garded as insignificant:
their germinated seeds | variant4 111 ¢ 34.9 16£2 ¢ 165.9
were 17 % and 19 %, re- .
spectively. Variant 5 8+1c 34.2 5446 d 986.6

Test variant 7 had the | yariant 6 17:22d | 1712 | 61s5e | 7388
lowest germination of 2 %
which is statistically signif- | Variant7 2t0e 27 1+0f 5.2
icant in comparison o al Variant 8 1942 d 119.3 240 f 12.1
other test variants. There-
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Table 5. Effect of seed lot quality on seed

for fresh seeds to 32+2 % for stored

germination, %. seeds.
Type of Fresh seeds Stored seeds
stratification MESE | V, % M£SE v, % conclusion
Seed viability 94+1a | 386 | 85+4a | 474
Wild cherry seeds possess com-
Summer sowing | 62+2b | 140.8 - - bined dormancy: relatively weak
Autumn sowing | 62:2b | 1402 | 6+1b | 65.4 morphological and deep physiologi-
cal dormancy.
Variant 4 11+1c | 349 | 16£2¢c | 165.9 The storage of seeds until matu-
_ rity at the beginning of September
Variant 5 8+1c | 342 | 5446d | 986.6 following the rules for storing dry
Variant 6 1742d | 1712 | 6145¢ | 738.8 seeds does not intensify their typi-
cal organic dormancy.
Variant 7 2+0e | 27 1x0 5.2 Fresh and stored seeds respond
Variant 8 1922d | 119.3 | 2:0f | 121 differently to_ the various approaches
for overcoming their organic dorman-

The summer and autumn sowing of
fresh seeds (Table 4) led to the same re-
sults with regard to germination as did the
application of the warm and cold stratifica-
tion for the stored seeds: germination of
62 % and 61 %, respectively.

Table 5 shows the effect of seed lot
quality on seed germination. Used seed
lots were not uniform, and they showed
different physiological response to the vari-
ous treatments. These may be grouped
as follows: the first group with the high-
est average germination of 43 % includes
seed lot Targovishte 2. The second group
includes seed lot Smyadovo 1 (38 %). The
third group consists of the following seed
lots: Smyadovo 2, Gabrovo, Belovo and
Popovo with an average germination rang-
ing between 29 % and 36 %. The seed lots
of low quality seeds are Sofia and Targov-
ishte 1 with an average germination rang-
ing between 27 % and 30 %.

After storing the seeds for one year, their
germination decreased with statistical sig-
nificance by 2 % on average, from 3412 %

cy. Stratification of fresh seeds does
not successfully overcome dormancy. The
best approach for them is to be sown in
summer, immediately after being harvest-
ed, or at the beginning of September.
Stored seeds do not have a positive
response to specific periods of sowing,
whether in summer or autumn. Good ger-
mination for them can be expected after
applying a pre-sowing treatment. The ac-
celerated combined stratifications do not
realize the seeds’ biological germination
potential in the conditions of Bulgaria.
Stored-for-one-year seeds should be
sown in spring after warm and cold strati-
fication involving a 6-week-long warm
phase and a 5-month-long cold phase.
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Abstract

The map of erosion has been drawn on the basis of black-and-white aerial photographs.
Seven categories of terrain were differentiated according to land cover type and the areas sub-
jected to erosion. Map interpretation included an analysis of the impact of the main relief char-
acteristics (inclination, altitude and exposure) together with human activity upon the state of the
studied terrains. This state was judged by the index of erosion. The impact of inclination has been
found to be multi-aspect, depending on exposure. The latter, compared with the rest of the relief
characteristics, predetermined erosion to the greatest extent. We confirmed the decisive impact

of anthropogenic activity.

Key words: erosion, mapping, interpretation, and index of erosion.

Introduction

The watershed is situated on the southern
inclination of the Balkan Mountain, in the
vicinity of Sofia. The object of this study is
its upper portion at 756—1295 m altitude.
The region is characterized by moderately
heavy erosive rainfalls. The annual sum
of precipitation is 650-750 mm (Onchev
1983). The maximum amount of precipi-
tation per 24 hours is 70-80 mm. The
bedrock is composed of clayey schists.
The watershed area amounts to 907 ha.
According to land-cover types, it is distrib-
uted into:

— Forests —551.2 ha (60.8 %);
— Clearings —154.8 ha (17.1 %);
—Barrens  —201.0 ha (22.1 %).

Almost all forests (95 %) are natural.
The most common formations are com-
posed of Oriental hornbeam (Carpinus
orientalis Mill.) and European hornbeam
(Carpinus betulus L.). These have ap-
peared secondarily, at the places of de-
stroyed oaks (Quercus sp.) and Common
beech (Fagus sylvatica L.) forests (Bond-
ev and Lyubenov 1983). The artificial for-
ests are mainly of Austrian pine (Pinus
nigra Arn.). As an average, the forests are
about 60 years of age.

In 1935, the village of Zhelyava had
1,188 residents, whose livelihood was re-
lated to a great extent to animal produc-
tion. In 2008, the residents diminished
down to 449 people, the largest proportion
of whom are retired.
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The purpose of the present study is to
draw a map of erosion using aerial photo-
graphs and to interpret this map. In order
to achieve the goal, two main tasks were
implemented:

— Differentiation, characterization and
categorization of the polygons;

Investigation of the impact of relief
and anthropogenic activity.

Literature Review

The initial information about the regions
of prevailing levels of erosion for the
whole territory of this country has been
presented as a scheme-based map
(Biolchev et al. 1959). On it, two char-
acteristics were reported: inclination and
plant cover.

In the recent three decades, map-
ping has been based on remote-sensing
methods, such as aerial photogramme-
try. The main diagnostic features have
been land-cover type, vegetation cover,
and soil erosion (Zakov 1994, 2003,
2005).

Satellite images and geographic in-
formation systems (GIS) have also been
used for mapping the risk of erosion. The
potential risk of erosion was determined
on the basis of the maps of inclination, po-
tentially hazardous rainfalls, and the vul-
nerability of soils to erosion. Plant cover
was additionally taken into account for de-
termining the real risk of erosion (Stoev et
al. 1997, Malinov at al. 1998, Martensson
et al. 2001).

For practical needs, the erosion maps
must contain information about the erod-
ed areas. Aerial photographs can be used
as sources of such information about tor-
rential watersheds of small areas.

Method of Study

Remote sensing of erosion on the basis of
aerial photographs is a process of studying
homogenous parts of the land surface with
different levels of erosion, called further on
“polygons” delineated on their photograph-
ic images. The present study has been car-
ried out by means of black-and-white aerial
photographs in an approximate scale of 1:
15,000 at four stages:

Preliminary study:

— Introduction into the situation;

— Studying the factors of erosion;

Collecting information:

— Mapping the erosion;

— Characterizing the polygons;

Processing the information:

— Categorizing the polygons;

— Categorizing the terrains;

Evaluating the results:

— Verifying the results;

— Interpreting the map of erosion.

The “introduction into the situation” is
provided by stereoscopic observation
of the watershead, as it visualizes the
specificity of each of its different parts.
The study of the conditions that deter-
mine erosion hazard reveals the reasons
for the diversity of the photographic im-
ages.

Initially different inclinations of the re-
lief are delineated on of the photographic
images, forming large parcels. In each of
these parcels polygons are delineated,
each of which corresponds to one of the
3 types of land cover: forests, clearings
and barrens. The minimum polygon area
is 1.0 ha. The characteristics of each poly-
gon are its area, altitude, inclination, ex-
posure, plant cover (of trees and grasses)
and the level of erosion. The percentage
of each area covered with tree and grassy
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vegetation and/or subjected to erosion
was determined through photogrammetric
methods by means of a transparent plas-
tic sheet with a regular dot-grid.

Polygons are categorized according
to two features: land-cover type and ero-
sion level. According to the first one, they
are subdivided into forests (l), clearings
(I1) and barrens (lll). On the basis of the
ratio of the number of dots falling on ero-
sion-subjected areas to the total number
of dots in a polygon or in a representa-
tive part of it the following levels of ero-
sion have been differentiated, expressed
in percentage as follows:

Slight erosion (a) — up to 10 %;

Moderate erosion (b) — 11 % — 30 %;

Severe erosion (¢) — 31 % — 50 %;

Very severe erosion — over 50 %.

Slightly eroded terrains are consid-
ered protected against erosion. The first
three levels of erosion are found both in
the forests and in the clearings, whereas
the fourth one - only in the barrens. On
the basis of the land cover type and the
level of erosion, the delineated polygons
have been assigned to the following ter-
rain categories:

la (forests with slight erosion)
—293.1 ha (32.3 %);

Ib (forests with moderate erosion)
—161.6 ha (17.8 %);

Ic (forests with severe erosion)
—96.5 ha (10.6 %);

Ila (clearings with slight erosion)

—96.5 ha (10.6 %);

IIb (clearings with moderate erosion)
—16.9 ha (1.9 %);

llc (clearings with severe
—41.4 ha (4.6 %);

Il (barrens with very severe erosion)
—201.0 ha (22.2 %).

Because of its limited area, Ib category
has been united with Ila category.

erosion)

After careful verification, the final cate-
gorization of the polygons has been com-
pleted, and the map of erosion has been
finalized.

The ratio of the area of the terrains with
severe and very severe levels of erosion
to the total area of parts that are homog-
enous features to a particular topographic
characteristic class defines the erosion
index (E). The following scale has been
adopted for determining erosion condition
of polygons:

—very bad — E > 0.5;

—bad - 0.3<E <0.5;

—good-0.1<E<0.3;

—very good —E <0.1.

Interpreting of the Erosion Map

Within the studied watershead 161 poly-
gons are differentiated. Interpreting the
map of erosion is directed to the analysis
of the joint impact of the relief and the hu-
man activity.

Inclination. For studying the impact
of inclination, terrains have been dis-
tributed into five classes:

|, — (up to 25 %) — oblique — 99.4 ha
(11.0 %);

I,— (30 and 35 %) — steep — 83.0 ha
(9.2 %);

[, — (40 and 45 %) — very steep
—186.9 ha (20.6 %);

I, — (50 and 55 %) — abrupt — 227.8 ha
(30.6 %);

l, — (60 and 65 %) — sheer — 259.9 ha
(28.6 %).

The distribution of the area of each
class according to terrain categories (in
the numerator) and of each category ac-
cording to inclination classes (in the de-
nominator) is presented in Table 1.
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Ia — forests with slight erosion;

Ib — forests with moderate erosion;

Ic — forests with severe erosion;

ITa — clearings with slight erosion;

IIb — clearings with moderate;

IIc — clearings with severe erosion;

III — barrens with very severe erosion.

Fig. 1. Map of erosion.

Inclination Class Characteristics

The inclination of | class are occupied
mainly by clearings, and 94.3 % of these
are protected against erosion. The unavail-
ability of forests is a consequence of their
destruction of the latter for the purpose of
creating highly productive pastures. There
are no barrens in this class, which means
that on inclinations of up to 25 % the grassy
cover successfully regulates the runoff.

In the next class, a drastic aggravation
of the situation is observed; it is expressed

in the appearance of barrens (18.6 %) and
in the multiple increase in the proportion
of clearings with severe erosion (34.3 %).
The availability of forests (18.2 %) and
clearings (22.4 %) protected against ero-
sion is due mainly to their preservation
as property of the Bulgarian Orthodox
Church.

As inclination increases to 40-50 %,
the state of the terrains aggravates even
more. With a few exceptions, the clear-
ings have been turned into barrens, which
occupy over half (55.0 %) of the area. The

Table 1. The influense of inclination upon the distribution of areas.

Inclination Total area of the terrain categories, ha/% Index of
class la Ib Ic lla lle mn erosion

1 - - - 94.3/81.4 5.7113.5 - 0.06

Iy 18.2/5.4 3.6/1.9 2.9/2.6 22.4/17.0 34.3/71.5 18.6/8.0 0.56

i 11.0/7.0 15.7/18 13.9/26.6 1.0/1.6 3.3/15.0 55.0/50.6 0.72

I 47.4/44.9 25.0/43 16.7/48.1 - - 10.9/15.1 0.28

v 48.2/42.7 23.1/37.1 8.4/22.7 - - 20.3/26.3 0.29
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proportion of the forests with severe ero-
sion increases up to 13.9 %.

The situation with the last two classes
shows a significant improvement: almost
half of the forests are protected against
erosion. Together with the forests of mod-
erate level of erosion, they occupy over 70
% of the area. However, in these classes,
also relatively high percentage of barrens
is preserved: 10 % — 20 %.

The values of the erosion index are
an indicator for switching trends in the
condition of the terrains, parallel with the
increase of inclination. These values in-
crease from 0.06, in the | class, to over
0.50, in the I, and the | classes, and
then they decrease to lower than 0.30, in
the |, and |, classes. Based on them, the
state of the terrains has been determined
as:

— |, class — very good,

—I,and | classes — very bad;

-1, and |, classes — good.

Characteristics of the categories

The results in Table 1 show that the
forests are best represented in the |,
class, where they occupy about 45 %
of the category area. In the following,
l,, class, the shares of la n Ib Catego-
ries do not change substantially, but the
share of Ic category decreases to 22.7
%. In the previous, |, class, the smallest
proportion belongs to the forests pro-
tected against erosion (7.0 %), and the
largest one — to the forests with severe
erosion (26.6 %). This is due mainly to
the stronger anthropogenic impact upon
the forests on less steep inclinations:
they have easier to access for logging
and pasture. In a lot of cases, the state
of the terrains in Ic category has been
influenced by the water runoff from the
clearings and barrens on the higher
parts of the inclinations.

In the clearings, there is a well-ex-
pressed trend toward an aggravation of
their state as inclination increases. The
clearings with severe erosion prevail in the
|, class (71.5 %), whereas those protected
against erosion are best represented in |,
class (81.4 %).

The distribution of barrens by inclina-
tion classes shows that the destruction of
forests on inclinations with inclination 25
%, followed by intensive pasturing, leads
to the appearance of barrens. This hazard
is much greater on inclinations of over 35
%, where over 90 % of the barrens are.

Altitude. A specific peculiarity of the
impact of this feature of the relief in the
studied watershed is that this impact co-
incides to a great extent with the impact
of the human activity because the highest
terrains are also the farthest from the vil-
lage. For studying the impact of altitude,
the watershed has been subdivided into
four hypsometric belts:

H, — (up to 900 m) — Low mountain —
199.4 ha (22.0 %);

H, (900-1,000 m) — Low mountain —
268.6 ha (29.6 %);

H,, —(1,000-1,100 m) — High mountain
—251.4 ha (27.7 %);

H,, — (over 1,100 m) — High mountain —
187.6 ha (20.7 %).

The results of this study are presented
in Table 2.

Characteristics of the Hypsometric
Belts

In H, belt, the largest is the share of
barrens (45.6 %), followed next by that of
forests with severe erosion (21.1 %). The
considerable percentage of forests pro-
tected against erosion (12.6 %) is due to
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Table 2. The influence of altitude upon the distribution of areas.

Hypsometric Total area of the terrain categories, ha/% Index of
belts la Ib Ic lla lic I erosion

H 12.6/8.5 8.4/10.4 21.1/43.5 9.5/16.7 2.8/9.6 | 45.6/45.3 0.70

Hy 36.3/33.3 | 27.4/456 | 15.6/43.4 2.2/5.2 0.5/6.5 18.0/24.1 0.34

Hu 32.4/27.8 | 20.7/32.2 5.0/13.1 9.7/121.4 7.7/55.1 | 24.5/30.6 0.37

Hy 47.5/30.4 | 10.2/11.8 - 34.3/56.7 | 8.0/28.8 - 0.08

a great extent to the artificial forests there.

The better condition of the terrains in
the next hypsometric belt is expressed
mainly in the reduced proportions of the
barrens (18.0 %) and the forests with se-
vere erosion (15.6 %). Forests protected
against erosion (36.3 %) and forests with
moderate erosion (27.4 %) occupy most
of the area.

In general, the situation in H, type
did not change substantially. Despite
this, some differences can be noticed:
the forest area decreases. Its reduction
was the greatest for the class of forests
with severe erosion — about 3 times. The
clearing area increases to 17.4 %. The
increased proportions of the clearing with
severe erosion (7.7 %) and the barrens
(24.5 %) are related to the influence of
another source of anthropogenic impact.
The higher parts of the watershed provide
the natural linkage of pasture complexes
in the higher portions of the mountain.
Their more intensive utilization is due also
to the circumstance that at these places,
Zhelyavska River has permanent water
flow and is used as a watering place for
the local flocks and herds.

The state of the terrains in the upper-
most belt is improving substantially. In this
belt, there are neither barrens nor forests
with severe erosion. Forests protected
against erosion (47.5 %) and clearings
(34.3 %) prevail.

The erosion index in the H, and H
belts decreased with certain fluctuations
from 0.70, in H, belt, down to 0.08, in H,
one. Its values show that the state of the
terrains is:

— H, belt — very bad,;

—H, and H, belts — bad;

—H,, belt — very good.

Characteristics of the Categories

The forests protected against erosion are
comparatively evenly distributed in the last
three belts, where they occupy about 30 %
of the total area. The forests with moder-
ate erosion are best represented in H, belt
(45.6 %) and in H belt (32.2 %), which is
indicative of their transitory location. As al-
titude decreases, the proportion of forests
with severe erosion increases, as 86.9 %
of their total area is in the first two belts.

The considerable proportion of the
clearings protected against erosion in the
lowest belt (16.7 %) is related mainly to
the ownership of the lands there. In the
other three belts, the proportion of lla cat-
egory increases from 5.2 %, in A belt, up
to 21.4 %, in H,, belt, and up to 56.7 %,
in H,, belt. The distribution of the areas
of clearings with severe erosion differs
mainly in their largest proportion in H,, belt
(55.1 %), as well as in their limited propor-
tionin H, belt (28.8 %).
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Table 3. The influence of exposure upon the distribution of the areas.

Exposure Total area of the terrain categories, ha/% Index of
groups la Ib Ic lla lic I erosion
E 4.6/3.8 13.9/21.0 16.0/40.5 12.7/27.3 7.7145.7 45.1/54.9 0.69
Ey 20.5/19.5 24.2/41.8 9.3/26.9 13.5/33.2 4.7/31.6 27.8/38.6 0.42
En 52.7/44.1 19.9/30.1 11.8/30.0 8.2/17.7 2.1/12.6 5.3/6.5 0.19
Ew 69.1/32.6 8.3/7.1 1.8/2.6 17.8/21.8 3.0/10.1 - 0.05

The distribution of the areas with bar-
rens shows their prevalence in H, belt and
their unavailability in H, belt. This is re-
lated to the influence of the anthropogenic
activities there. It decreases with the in-
crease of remoteness from the village.

Exposure. Expositions are united in
four groups:

E, — S n SW (of typically sunny expo-
sure) — 244.6 ha (27.0 %);

E, — W n SE (of the transitional sunny
expositions) — 278.9 ha (30.7 %);

E, — E n NW (of the transitional shady
expositions) — 245.1 ha (27.0 %);

E, — N 1 NE (of typical shady exposi-
tions) — 138.4 ha (15.3 %).

The distribution of the area of each
exposure group is presented in Table 3.

Characteristics of the Exposure
Groups

On sites of typically sunny exposure, al-
most half of the total area (45.1 %) be-
longs to the coverage class of barrens.
Next rank the forests with severe erosion
(16.0 %). The share of forests protected
against erosion is 10 times smaller than
that of barrens. This distribution is due to
not only the less favourable hydrothermal
regime but also to the longer utilization,
during the year, of these lands as pasture
grounds.

The improvement of the situation on
the transitional sunny expositions is ex-
pressed in the less striking difference be-
tween the percentage of barrens (27.8 %)
and that of forests protected against ero-
sion (20.5 %).

On the transitional shady expositions,
over half of the area (52.7 %) is covered
by forests protected against erosion. The
percentage of forests diminishes, thus
reaching its minimum value (11.8 %) with
the forests with severe erosion. The bar-
rens in this group occupy an area that is
10 times smaller than that of the forests
protected against erosion.

The situation improves in the group
with typical shady expositions. The clearly
prevailing proportion in it is that of the for-
ests protected against erosion (69.1 %),
followed by that of the clearings protected
against erosion (17.8 %). There are no
barrens in this group.

The trend of a continuous improve-
ment of the state of terrains, as expressed
by means of the erosion index, shows the
following arrangement:

E, group — very bad;

E, group — bad;

E, group — good,;

E, group — very good.

Characteristics of the terrain catego-
ries

Forests protected against erosion are
uncommon on typical sunny expositions.
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Their proportion increases up to 19.5 % on
the transitional sunny expositions. This cat-
egory is best represented on the transition-
al shady expositions (44.1 %) as well as on
the typical shady ones (32.6 %). The for-
ests with moderate erosion are the least
numbered on the typical shady exposi-
tions (7.1 %). A considerable proportion of
these forests (21.0 %) are on typical sunny
expositions. Forests with severe erosion
rarely occur on typical shady expositions.
Their proportion in the groups with transi-
tional expositions do not differ substantial-
ly. The largest part of the area belonging to
this category (40.5 %) is on inclinations of
typical sunny expositions.

The area of the clearings protected
against erosion is comparatively evenly
distributed in all exposure groups, ranging
from 17.7 %, in E, group, up to 33.2 %, in
E, group. The distribution of the area of
the clearings with severe erosion shows
a permanently diminishing percentage:
from 45.7 %, on typical sunny expositions,
down to 10.1 %, on typical shady ones.
The differences between the two catego-
ries are due mainly to the steeper inclina-
tions in llc category.

The distribution of the area with barrens
shows that over half of it (54.9 %) is on in-
clinations of typical sunny expositions.

The generalized data about the be-
longing of over 60 % of the total area of
terrain categories to inclination classes,
hypsometric belts and exposure groups,
as well as their particular proportions with-
in these, are presented in Table 4.

The information in Table 4 allows the
following characterization of the terrain
categories:

— Forests protected against erosion —
very steep inclinations with shady exposi-
tions in the Middle and Low Mountain Belts;

— Forests with moderate erosion — very
steep inclinations with transitional expo-
sitions in the Low and Middle Mountain
Belts;

— Forests with severe erosion — very
steep inclinations with sunny expositions
in the Low Mountain Belt;

— Clearings protected against erosion
— inclined inclinations with sunny exposi-
tions in the Middle Mountain Belt;

— Clearings of severe erosion — steep
inclinations with sunny expositions in the
Middle Mountain Belt;

Table 4. Distribution of the main part of the area by relief characteristics.

Inclination Altitude Exposure
Category Class Total Belt Total Group Total
area, % area, % area, %
la v and Iy 87.6 Hy and Hy, 61.1 Ey and Ey 76.7
Ib lvand Iy 80.1 Hy and Hy 77.8 E,and Ey 71.9
lc lvand ly 70.8 H, and H; 86.9 E and E, 67.4
lla Iy 81.4 Hy and Hy 78.1 Eyand E 60.5
llc I 71.5 Hu and Hy 83.9 E and E, 77.3
n Iy and ly 65.7 H, and H; 69.4 E and E, 93.5




Interpretation of the Map of the Erosion... 45

— Barrens — steep and very steep incli-
nations with sunny expositions in the Low
Mountain Belt.

Conclusion

The great diversity of the states and loca-
tions of the different categories of terrains is
an expression of the complex combinations
of the joint impact of the local relief charac-
teristics and the anthropogenic activity.

The influence of inclination is most
closely related to those of exposure and
anthropogenic activity. The trend of in-
tensification of erosion parallel with the
increase of inclination is valid only for the
sunny expositions. As inclination increas-
es, on shady expositions a more favour-
able hydrothermal regime is established,
and this facilitates the development of
erosion-limiting vegetation.

Since the main source of impact is the
village of Zhelyava, the influence of alti-
tude coincides to a great extent with that
of the remoteness from the village, i.e.
the anthropogenic activity. With a few ex-
ceptions, erosion decreases with the in-
crease in altitude.

Compared with the impact of the
rest of the relief characteristics, the in-
fluence of exposure reveals the best-
expressed trend for limitation of erosion
with the transition from typical sunny ex-
positions to typical shady ones. The hy-
drothermal regime improves in the same
direction, and the anthropogenic impact is
limited. This means that inclination expo-
sure predetermines the effects of erosion
to the greatest extent.

The distribution of the area of terrain
categories into inclination classes, hyp-
sometric belts and exposure groups con-

firms the decisive role of anthropogenic
activity for the formation, development or
control of erosion.
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Abstract

The trees&bush vegetation in the “Albena” resort can be viewed in two main groups, namely:
I. Main plant capacities: local plant volumes; scaffolds-forming plant volumes; Il. Secondary plant
capacities: landscaping of the surrounding area of the buildings according to individual projects;
plant collections and exhibitions. This analysis defines relationships and outlines guidance for the
future development of the complex. The work is clarifying the structural connections between dif-
ferent types of plantation, the particular public parts of the complex and their functional capacity.

Key words: compositional aspects, plant capacities, vegetation, analysis, structural connections.

Introduction

The resort of Albena is situated 32 km
north of Varna and just 12 km south-west
of Balchik on a long sand stretch in the
open northern part of Varna Bay. The re-
sort’s erection was started in 1968, which
makes it one of the most modern holiday
cities along the Bulgarian coast. The com-
plex lies beneath a relatively high hill and is
given particular charm by the near-by for-
est of Baltata, a part of which is declared
a protected area. The latter is also called
Batova Gora (Batova Forest) after the
Batova river, in the valley of which it grows.
The resort’s architecture resembles one
of Walter Gropius’ urban models as most
of the hotels have a terraced structure
aimed at providing as much sun as possi-
ble in summer days. To the north the coast
is steep, featuring yellow sandstone and
limestone typical of the area. It is in fact

this stone slope that was the main source
of construction material for the resort.

Materials and Methods

Vegetation is a dynamic factor, which var-
ies with mainstream of the time because
of its biogenic nature and as a result of
human activity. It is susceptible to sudden
changes caused by natural or anthropo-
genic influences. The recreational activi-
ties can also lead to undesirable changes
in trees&bush vegetation. This warrants
a precise analysis of these characteris-
tics that determine the recreational value
of park areas and can be affected when
these areas are used for recreational pur-
poses.

Literature survey shows that the ques-
tion of defining the indicators for recreation-
al evaluation of parks is not fully resolved.
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In most cases they are not related to their
trees&bush vegetation. Therefore a lot of
conclusions from most general matter were
made. For example, Tandy (1979) recom-
mended different aged and mixed plant vol-
umes as more attractive for tourists. Pref-
erence to mixed plant volumes gives Brahe
(1987) too, but he uses a quantitative meas-
ure for recreational assessment of the orna-
mental trees&bush vegetation - number of
trees per unit area.

Deja (1981) does take into account the
type and age of decorative plant volumes
assessing the suitability of areas for rec-
reation. The classification of different veg-
etation types is made according to species
composition and soil moisture. Priority is
given to the evaluation of mixed groups and
massifs aged over 60 years and in certain
habitats to the highest level of fitness have
fallen ornamental trees&bush vegetation
aged over 40 years.

Brush (1984) highlights the importance
of high grasses and shrub plants as a hori-
zontal limiting the visual intrusion in the
areas, but it takes two criteria regarding
age structure and species diversity of veg-
etation. Depending on the visual effects
in some cases he recommended as more
suitable different aged and mixed plant vol-
umes, while in other cases — different aged
and pure plant volumes.

According to Cooper and Murray (1992)
a constructive method for visual evalua-
tion of sites should include a description,
analysis and classification of areas to
create a structure within which to cover
all landscape components. The biggest
problem in the development of quantita-
tive methods to evaluate the visual impact
by Buhyoff and Riesenmann (1979) is to
determine the coefficient of importance of
individual landscape components in the
overall evaluation. Unwin (1975) describes

three stages in the evaluation of land-
scape: “measurement” of the landscape,
formulation of landscape values through
the survey of people’s preferences, and fi-
nally an evaluation of the visual qualities of
the landscape. Most sophisticated models
in this regard he says are psychophysical
which use first psychological impact, and
after that objective quantitative and qualita-
tive parameters of the landscape. The cre-
ation of such a model requires three sets
of data: photos, survey data on people’s
preferences to landscape and landscape
parameters.

Results and Discussion

This analysis is based on the vegetation
monitoring in the period of 2007-2008 at
the “Albena” resort with the aim of work-
ing up a plan for the future planning and
development of the trees and bush arrays.

The trees and bush vegetation in the
“Albena” resort can be viewed in two main
groups, hamely:

— Basic plant volumes:

Local plant volumes;

Scaffolds-forming plant volumes.

— Secondary plant volumes:

Landscaping of the surrounding area of
the buildings under individual projects;

Plants for collections and exhibitions.

The natural vegetation in the complex
forms the local plant volumes. First of all,
this is the forest reserve “Baltata”, located
near the village of Obrochishte and be-
ing the southern boundary of the resort.
“Baltata” was nominated as a reserve on
20.04.1978 and later on 15.10.1999 it was
redeterminated as a sustainable forest re-
serve. ltis part of a dense forestin the north
of Bulgaria, situated in the mouth of the Ba-
tova river. The arrays inside the complex,
mostly on the slope of the complex, are
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also part of the local plant volumes. They
are also of a natural origin and their struc-
ture is based mostly onto native species.

Scaffolds-forming plant volumes are
arrays with an artificial origin of the tree
species. They are constructed with typical
area-resistant species. The street land-
scaping, which is a binding link between
the different arrays in the complex, can
also be attributed to the scaffolds-forming
plant volumes.

Landscaping of the surrounding area
of the buildings under individual projects
holds a substantial part of the complex
green areas. Together with the local plant
species there are some ornamental plants
as plant accents and compositional forms,
which are not typical for the Black Sea
region. The latter group — plants for col-

lections and exhibitions — was presented
only by the large rosarium, situated close
to the promenade at the time of the study.

Conclusions

The general planning and the develop-
ment concept of the complex provide
the construction of many other special
places with exotic plants in the future:
playgrounds with collection of different
harmless plant species, sitting areas with
cactuses and other exotic tropical vegeta-
tion, palm trees in pots along the main pe-
destrian itineraries and major units of the
local structural centers by means of the
vegetation.

The conducted observations reveal
clear and logical link between the func-

Structure of plant volumes

factor.

>
<"/ W Localplant volumes

- P Scaffolds-forming plant volumes

Certain basic and secondary plant volumes are defined. They form the spatial skeleton of the complex and contribute to its
harmonious integration into the surrounding landscape. Parameters are referred to for further improvement of the green
system of the territory. The maintenance and development of this trend will set “Albena” resort as an area with high ecological
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Fig. 1. Structure of plant volumes.
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Spaces activity

Relatively strong and undesirable overlap of the active and passive recreation spaces was specified. The main thing that could
be done for their more clear separation in future is the gradual realization of the proposed concept in three main directios of

compositional and spatial restructuring of the territory.
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Fig. 2. Spaces activity.

tional activities of the areas and respec-
tively the intensity and attractiveness
of the plantations. That is illustrated by
the two enclosed schemes (Figures 1
and 2).

This analysis defines relations and
outlines guidance for the future develop-
ment of the complex. The work clarifies the
structural connections between the differ-
ent types of plantation, the particular public
parts of the complex and their functional
capacity.
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Abstract

The proposed concept is a result of a two-year study of the components that have a direct impact
on the optimal functioning of the resort. Object of the study were the following main components:
spaces activity, isochron accessibility, functional zoning, scheme of mobile and pedestrian communi-
cations, structure of plant volumes. The aim of the study is to overcome some disparities connected
with the existing commercial activities, administrative and municipal services, particularly as regards
the methodology of selecting the site and offering of attractions. Certain basic and secondary plant
volumes, which form the spatial skeleton of the complex and contribute to its harmonious integration
into the surrounding landscape, are defined. Parameters are referred to for further improvement of
the green system in the territory. The maintenance and development of this trend will set the re-
sort of “Albena” as an area with high ecological factor. The concept includes ideas for reconstruction
of: continuation of the axis from the main entrance of the complex as an organized attraction area;
promenade with a proposal for a centrally situated park space in the middle of it; “Air lane” over the
proposed park space for a link between the beach and the upper part of the complex; walking trails
with viewing sites located on the same part. The established regularities and the proposed solutions
contribute to the achievement of a modern and appropriate spatial structure of the complex with an im-
proved combination of the social environmental factors with the existing natural landscape elements.

Key words: compositional restructuring, functional zoning, main components, spatial
structure, walking trails.

Introduction

Tourism Resources structure is the basis
for regional tourism development strategy
and is the driving force behind the devel-
opment of tourism according to Feng,
Shaoqin and Tiefei (2005). The purpose of
this study is to propose a better structure
and better use of space in the resort in or-
der to understand better the spatial behav-
ior of tourists visiting spatially confined re-
sort destinations which was developed by

Debbage (1991). The evolutionary patterns
in tourism well-founded by Papatheodorou
(2004) demonstrate the need for such
compositional and spatial restructuring of
the ,Albena“ resort.

Materials and Methods

The proposed concept is a result of a two-
year study of the components that have a
direct impact on the optimal functioning of
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the resort. The object of the study were the
following components:

Isochron accessibility

The study points to a more definite sepa-
ration of the residential areas and passive
recreation from those spaces with greater
potential for daily attendance. A more clear
differentiation of these zones is outlined in
connection with the distances from the cen-
tral nucleus of the complex and the possibili-
ties for direct access (Fig. 1).

Functional zoning

The aim of the developed functional zon-
ing is to make the differentiation of the var-
ious areas and their rational consistency
logical when situating them in the complex
area. What is achieved is the overcoming
some of the disparities associated with the
existing commercial activities, administra-
tive and municipal services, particularly as
regards the methodology of offering of at-
tractions.

Scheme of mobile and pedestrian
communications

The schemes clarify the existing areas
and communication lines in the complex.
The new proposals clearly demarcate the
pedestrian and the traffic flows and to-
gether with the outdoor and indoor park-
ing facilities form an adequate communi-
cation network, which serves the entire
complex.

Results and Discussion

The carried out studies and the reached
conclusions led to the development of

a wide range of ideas for reconstruction
in all aspects of the landscape planning,
the most important of which may be ex-
pressed in the following three main direc-
tions:

I. Extension of the main entry axis of
the complex as an organized attractions
area (Fig. 2).

The general compositional idea,
though being in geometric shapes, has
a dynamic character and it is associated
with a rich presence of water as a symbol
of activity and vitality. What is sought in
the dynamic axial composition is the bal-
ance between water and green spaces
and the merging side spaces, in which a
number of various buildings and entertain-
ment facilities can be located.

The significant presence of water that
will be supplied in all its still or dynamic
states (water mirrors, fountains, cas-
cades, water mist) gives the area a wa-
terpark (hydropark) character, hwhich, in
combination with the other attractions, will
undoubtedly become the main attractive
place for the holidaymakers in the resort.

The composition is based on one main
compositional axis and a secondary one.
The first one gives room for more direct
traffic. It is visually highlighted by a row
of 5 fountains and comes to an end in
a large glass dome. Atrium space with
tropical and subtropical vegetation should
be provided under the dome. The main
gathering -distributional bodies are situ-
ated on this axis, as the entrances of the
new spaces and the existing architectural
spaces around are taken into account.
The minor axis has a balancing character.
It performs mostly a complementary func-
tion and at the same time accentuates the
main compositional axis.

Overall, the space is planned as a
broad attraction area which can be ac-
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cessed gradually through the park area,
where a new and modern multifunctional
center is located at the place of the old
cultural house. Arts and culture areas,
information center, interactive rooms for
children and adults, and entertainment
places (restaurants, coffee bar, disco,
etc.) will be located in this center.

A dolphin house, with a large outdoor
swimming pool with an ampbhitheater
stands nearby, is located near the prom-
enade and in close proximity to the main
compositional and pedestrian axis. Shell-
shaped seats with closed canopy are pro-
vided for. This dolphin house will have an
underwater link to the large glass dome
(atrium) through which dolphins can be
observed underwater through window dis-
plays.

So the atrium with its exotic vegetation
will act as a huge aquarium with amuse-
ment places on its periphery.

The multifunctional nature of the envi-
ronment and the even provision of activi-
ties at any time of the day were sought in
the design of the composition.

In this way the ,stillness” of certain
areas at certain times of the day will be
avoided.

Il. Sea promenade with a park area
and an “air promenade” as a link between
the beach and the upper part of the com-
plex.

The developed idea of an “air lane* in
the central part of the complex is not tra-
ditional for our country, especially in terms
of the landscape architecture. The so-
called “hanging promenades” — coastal,
riverside and lakeside leisure lanes, built
on a relatively high level above the wa-
ter surface — have already analogues in
the world. However, the building of such
promenades has always been a great
challenge both for the authors of such

projects and also for the institutions that
would approve and fund such an endeav-
our.

Based on an extensive preliminary re-
search and analysis within the Albena re-
sort, we found the presence of adequate
natural (climate, water, vegetation, topog-
raphy) and socio-economic potential of
the complex, which presumes the possi-
bility of creating such a recreational and
attractive oasis.

The design concept is based on an in-
novative approach: generation of the origi-
nal idea, binding it with the aesthetic and
functional requirements for the creation of
both the specific area and its harmonious
integration as an autonomous unit park
into the general compositional plan (Fig. 3).

Broadly speaking, the concept is built
on the idea of creating a modern aesthetic
pedestrian link from the top level (pano-
ramic promenade) to the lowest level (sea
promenade).

During the development of these two
structure formation paths for the whole
complex an issue arose regarding the ex-
pedience of their connections in an origi-
nal, but rational and natural way in subjec-
tion to the existing urban and landscape
structures.

The idea is to make this connection in
3 or 4 levels, so that one of the levels, the
one having the smallest area, to go over
the new transport artery.

The lowest level of the structure, which
is planned to be above the sea level has
a height of about 6—7 m and it is the so-
called “air alley”, or rather, “air terrace”.
This level has the largest area and it has
the largest recreational capacity and high
degree of popularity. The concept of the
park decision, which is developed at the
level of the sea promenade below, should
be achieved like a “bird’s eye” view.
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Fig. 1. Isochrons.

Therefore, the shape of this “air alley” the park area below and reveals beautiful
is like a promenade ring which surrounds  views both to it and to the sea skyline.

extension of the main entry axis of the complex as an organized attractions area

sea promenade with a park area and an " air promenade " as a link between
the beach and the uoper part of the comnlex

Fig. 2. Scheme of the resort.
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Fig. 3. Functional zoning.

The site is planned to be provided with
various and vanguard architectural and
sculptural elements, water mirrors, small
trade outlets around the bearing columns
of the structure etc.

The main effect of this idea plan relies
on the harmonious merging of the sea
promenade with its deviations below with
the ramps, stairs and elevators of the “air
alley”.

\( SHEME OF COMMUNICATIONS
t Main entry axis
[ .

Main traffic flow

©  Secondary traffic flow
Main pedestrian flow
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@
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. View platforms
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Fig. 4. Scheme of communications.
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The lateral situation of the “air alley” to-
wards the tree and bush vegetation below
will give the strolling people the allusion
that they walk among the tree branches
and over the tree crowns.

[ll. Walking routes in the high part of
the complex with platforms which face the
sea (Fig. 4).

The relief features of the terrain of the
complex have predetermined its natural
division into two parts, which until now
have not always been linked in a satisfac-
tory way both in terms of communication
and functionality. The steep slope, which
is the dividing boundary of these two
parts, is planted with bush-tree massives.
This vegetation is not healthy and its aes-
thetic impact is quite low.

The proposal of the present frame of
reference is to make these massives and
all the north-eastern part of the complex
part of the total volume-spatial plant com-
position of the complex with carrying out
the following specific activities of forestry
intervention:

e sanitary felling, applied to the whole
area of the plantation, in order to remove
the dead, diseased and heavily damaged
specimen;

e cleaning felling in the major part of
the plantation area to create a growth
space for the trees;

e partial reforestation of the plantation
in order to restore the environment where
an excessive thinning out of the forest
stand has occurred;

¢ moulding of the retaining walls and
earth slopes after the construction of the
new transport thoroughfare at the foot of
the slope;

e shaping the periphery of the planta-
tion on the upper edge of the slope.

Architectural and artistic intervention:

e creation of one major and three mi-

nor new pedestrian links between the low-
er and upper part of the complex, which
should overcome the displacement of the
steep slope through a series of stairs and
ramps in a serpentine line;

e creation of a principal panoramic
promenade;

e shaping three large and several
smaller spots along the alley at the top of
the slope to ensure better walking condi-
tions and revealing beautiful landscape
views to the sea;

e shaping the panoramic promenade
itself with appropriate paving, benches
pockets and others park elements.

Conclusions

The established regularities and the pro-
posed solutions will contribute to the
achievement of a modern and appropriate
spatial structure of the complex with an
improved combination of the social envi-
ronment factors with the existing natural
landscape structure.
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Abstract

In the last decades numerous studies have presented vegetation classifications. Some of them
highly subjective, relying entirely on qualitative data, others more objective, based on quantitative
information, susceptible to statistical tests. On that ground, vegetation organization was viewed
either as composed of recognizable community units or as a continuum with gradually chang-
ing composition, provoking continuous debate. This study represents numerical classification of
forest vegetation on the south slope of Vitosha Mountain, Western Bulgaria. We hypothesized
that described community types will not hold the statistical test for their consistence. Stratified
sampling procedure and nested 0.1 ha sampling plots were used. Obtained field samples were
classified with TWINSPAN clustering method. Resulting groups were tested for statistical differ-
ence for the most important environmental gradients and vegetation variables. 114 field samples
were collected and grouped in nine forest community types. Six of them are dominated by Fagus
sylvatica L. Two are coniferous forests (plantations), where Pinus nigra Arn. and Pinus sylvestris
L. are most abundant. The last one is mixed oak forest. Beech forests predominate at higher
elevation, in more mesic habitats and on steeper slopes. Most of the beech communities have
significantly higher canopy closure and lower shrub and herb strata cover. Mixed oak forest and
coniferous communities are richest in almost all life and growth forms. They are more susceptible
to invasion, because of their proximity to populated areas and severe disturbance regime, there-
fore richer on alien species. Mixed oak forest and coniferous communities also have significantly
higher species richness per 0.1 ha and 1 m?, as well as higher alpha diversity and evenness. All
forest communities in the studied region are poor in rare, protected and endemic species. Despite
the significant differences between some of the Fagus sylvatica communities and the mixed for-
ests, they are generally unrecognizable statistically from each other. Therefore, the vegetation of
the studied area is considered as having continuum organization. Numerical classification, relying
on quantitative and statistically testable data, will objectify and simplify vegetation understanding
and improve future management activities.

Key words: numerical classification, TWINSPAN, forest vegetation, community types.

Introduction able community units or as a continuum

with gradually changing composition, has
The question about vegetation organiza- a long history of debate between the dif-
tion, whether it is composed of recogniz- ferent ecology schools (Austin 2005).
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Communities are assumed to have con-
sistent floristic composition, uniform physi-
ognomy, occupy unique environment, and
occurring in several locations. On the other
hand, continuum concept states that each
species has individualistic response to biot-
ic and abiotic conditions and when vegeta-
tion is viewed in the context of environmen-
tal gradients, its composition and structure
changes continuously (Austin 2005).

Cluster analyses in vegetation ecol-
ogy are used for classification of samples,
species or environmental variables. De-
spite the continuous nature of the data,
classification is a method for identification
of cluster among the raw data and helps to
reveal the hidden data structure, i.e. con-
tinuum division on system of provisional
types or classes. The basic objectives in
classification studies are: 1) gathering in-
formation on species coexistence (hidden
data structure); 2) establishing of com-
munity types in descriptive investigation
(vegetation mapping); and 3) revealing
the relationship between vegetation and
environmental gradients through analysis
of delineated groups in the context of envi-
ronmental variables (van Tongeren 2004).

In the last 20 years several classifi-
cations of beech forests on the Balkans
have been presented, basically from
neighboring Serbia. These are concerned
mainly with syntaxa naming, and their re-
arrangement in hierarchical syntaxonomi-
cal scheme, as well as revision of already
proposed names (Tzonev et al. 2006).
Several floristic beech forest analyses
have been carried out on the Balkan Pe-
ninsula nowadays. They cover the territo-
ries of Macedonia (Dzwonko et al. 1999,
Dzwonko and Loster 2000), Greece (Dz-
wonko and Loster 2000, Bergmeier and
Dimopoulos 2001, Tsiripidis et. al. 2007b)
and Bulgaria (Tzonev et al. 2006).

Beech forests in Bulgaria are broadly
distributed and cover approximately 17 %
(together with Fagus orientalis Lipsky for-
ests) of the forested territory (Garelkov
and Stiptsov 1995). Existing studies have
mainly local scale and most of them follow
Russian school methodology (Tzonev et
al. 2006). Recently, attempts for phytoso-
ciological classification of beech commu-
nities have been made (Pavlov 1998), as
well as forest typological ones (Garelkov
and Stiptsov 1995). In the last years, local
studies using Braun-Blanquet approach,
have been realized too (Pavlov and Dim-
itrov 2003, Dimitrov and Glogov 2003).

Previous classification studies were
burdened with high extent of subjectiv-
ity. First, subjectivity comes from the em-
ployed field method and sampling proce-
dures. Second, the type of gathered in-
formation (mainly qualitative) and its fur-
ther processing results in unsuitable for
statistical tests community types. Devel-
opment of numerical classification meth-
ods though is solving this issue. Unfortu-
nately, these methods are weakly known
or reluctantly used by great number of
ecologists.

Despite the numerous botanical and
ecological studies so far they have not
brought an integrated picture about the
pattern (composition and structure) of the
studied vegetation. This particular territo-
ry has been chosen because it is weakly
known and relatively spared from human
disturbances nowadays.

In contrast to the previous studies, set-
ting of sample plots in the current inves-
tigation is based not on intuitively identi-
fication of plant associations, but rather
on the relationship of the samples with
environmental gradients. Following this
way, the current study aims to reveal the
relationship between vegetation and envi-
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ronment on the basis of species popula-
tion response to environmental gradients
(Whittaker 1956), considering it more ob-
jective and adequate.

The current study is an attempt to ex-
pand and clarify the accumulated knowl-
edge on the basis of more objectively
gathered samples, quantitative data and
statistical test of the described community
types. Quantifying and objectifying of clas-
sification process will facilitate vegetation
understanding in terms of its composition
and structure and will improve the future
management of the area. This paper also
tries to answer the question whether plant
communities are clearly recognizable
units in the environmental space or part of
the vegetation continuum, indistinguish-
able from each other? Answering this
question will bring support to one of the
competing paradigms and help clarifying
vegetation ecology theory.

Study area

Vitosha Mountain is located in Western
Bulgaria. Since it is a relatively young
mountain (Shipkova 2005), it is charac-
terized with compactness and well ex-
pressed elevation gradient. The mountain
has steep slopes and variable expositions.
Its vegetation has varied and rich spe-
cies composition. Most of the mountain’s
territory is declared Nature Park by the
Bulgarian legislation. The current study
embraces the south slope of the moun-
tain, covering all forested habitats. GPS
coordinates of that territory are between
N42°32" E23°09’ and N42°26' E23°21'.
This area covers 118 km?2.

Vitosha Mountain is formed during the
late Cretaceous and early Tertiary period.
The most widely distributed bedrocks are
Paleozoic sediments and early Mesozoic

sediments. The highest peak is Cherni
peak reaching 2290 m (Shipkova 2005).

Mean annual rainfall is between
650-700 mm in the mountain’s base and
around 1000 mm in the highest parts.
Annual rainfall distribution has one peak
and most of the precipitation falls in April-
July period. The most arid period is late
summer and early autumn. The highest
parts of the mountain (above 1800 m) al-
most all year round are exposed to strong
southwest and west winds, reaching up to
8 m-s~" (Koleva 2005).

Vitosha Mountain has a great variety
of soils. The lowest mountainous parts
are dominated by Chromic Cambisols. In
the elevation belt 1400-1750 m the most
widely distributed are Cambisols. In the
highest parts of the mountain (1750-1900
m) Mollic Cambisols prevail. In the sub-
alpine and alpine zones Umbrosols are
formed. Fluvisols are present along the
lower river beds (Malinov 2005).

Vitosha’s natural vegetation was de-
veloped during the last ice age. Accord-
ing to palaeobotanical studies the floris-
tic composition of the territory has not
changed essentially. Substantial vegeta-
tion alteration took place later, mainly due
to human activity. During the 15-19 cen-
turies, mining, primitive metallurgy and
nomadic cattle-breeding were developed
in the region. The need of wood mate-
rials led to forest clearing over most of
the mountain. Finding of pasture for the
numerous herds necessitated setting of
periodical fires in the high mountainous
parts. This resulted in almost complete
destruction of the natural vegetation.
These factors, together with the steep re-
lief and the exposed to heavy rain soils,
led to developing of erosion processes
and subsequent degradation of the natu-
ral habitats (Meshinev 2005).
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Material and Methods

Sampling

In the summers of 2008 and 2009, system-
atically, along a preliminary drawn vertical
transects on the south slope of Vitosha
Mountain, 114 0.1 ha (20x50 m) vegeta-
tion plots were laid (Figure 1). Totally nine
transects, following the main and interme-
diate Earth directions (E, EES, ES, SSE,
S, SSW, SW, SWW, and W) were set.
Transects start at around 900 m and reach
the tree line. The plots were set at uniform
distance of 50 m altitude along the vertical
transect. Starting position of transects is
randomly chosen after numbering of five
possible starting points and pulling one of
them. Sampling places are located in such

a way so they can cover the maximum va-
riety of expositions, slope inclinations, slope
topography and elevations. There is no
need for sampling sites representing some
obvious or assumed species association,
neither transition between them. The exact
sampling sites are chosen visually keeping
the requirement for vegetation homogeneity,
i.e. they should not be located in the forest
periphery or in large open forest patches.
Forest communities under intensive human
influence (intensive livestock grazing or log-
ging) were avoided. In order to avoid spatial
autocorrelation the distance between neigh-
boring sampling plots was at least 200 m.
On the place chosen, 50 m plastic tape
was laid on the ground, perpendicular to
the topographic horizontals. From the two
ends of the tape toward its two sides, per-
pendicular to it, 10 m distance was meas-

A
Trees (0.1 ha, 20x50 m) Herbs (1 m?, 0.5x2.0 m)
Shrubs (100 m?,
10x10 m)
| v 20m
] ]
10 m
0.5m
10m 4—\
2.0m
50m

Fig. 1. Nested sampling plot, modified from Whittaker (1956, 1960).
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ured and metal stakes were fixed into the
ground. Obtained in this way rectangular
plot has 20x50 m sides (Figure 1). First,
total tree stratum cover was measured
visually in percents. Then diameter of all
tree and shrub stems >1 cm at breast
height (=1.30 cm) was measured by spe-
cies and grouped by diameter classes.

In the 0.1 ha plot, along the tape, at inter-
val of 10 m (as it shown on Figure 1), three
quadrate 10x10 m subplots were set. In
these subplots, total cover of shrubs <1 cm
at breast height or less than 2 m high, was
measured visually and then by species.
Along the tape again, at intervals of 8 m,
five sub subplots 0.5x2 m (with the long
side parallel to the tape) were set. Whether
to be on the left or right side of the tape was
determined by throwing a coin. In these sub
subplots, total cover of herb stratum was
measured visually and then by species also.
Depending on the spatial heterogeneity of
the herb stratum, in some of the plots be-
tween 2 and 10 sub subplots with an area of
1 m2were laid, but generally five, as shown
on Figure 1. Finally, the whole 0.1 ha sam-
pling plot was searched again and on the
species not recorded already was given
minimal score for the Importance Value (V).

IV is a generalized expression of the
quantitative share of different species in
the plant communities. It combines mea-
sured on the field particular values like
cover, density, frequency, biomass etc. of
the plant species. IV calculation for the dif-
ferent species in all vegetation strata was
done in the following way:

Tree and shrub stems >1 cm at breast
height (canopy stratum):

IV=relative density (number of individ-
uals) per 0.1 ha.

Tree and shrub stems <1 cm at breast
height (or less than 2 m height) (shrub
stratum):

IV=mean 100 m?
+frequency-2-".

Trees, shrubs and herbs (herb stra-
tum):

IV=mean cover per 1 m?*+frequency-2-".

IVs for a given species from different
strata were summed. Cover was esti-
mated visually in percents (0—100 %) and
frequency was calculated by the following
formula:

cover  per

C, =", 100(%). (1)

where:

a=number of subplots (for shrub stra-
tum) or sub subplot (for herb stratum),
where the species was present;

b=total number of sampling subplots or
sub subplots.

In each 0.1 ha plot elevation was
measured with barometric altimeter. At the
beginning of the tape, the exact coordi-
nates were measured with GPS (General
Pointing System) device. Slope inclina-
tion in each 0.1 ha plot was measured in
degrees with clinometer. Exposition was
determined with GPS compass. Gathered
in this way data were used directly in the
analyses or were categorized.

Expositions were categorized in the
following way (Whittaker 1960): 1=N,
NE, NNE, deep moist ravines near tem-
porary or permanent streams; 2=EEN,
NNW; 3=E, NW; 4=EES, WWN; 5=SE,
W; 6=SSE, WWS; 7=S, SW, SSW, ridges
and hills. Categorized in this way the ex-
positions are arranged from the moistest
to the most xeric. Slope topography was
categorized in similar manner: 1=con-
cave slope; 2=flat slope; 3=convex slope.
Measured slope inclination and elevation
were directly used in the analyses without
further change.



62 N. Dyakov

Unidentified on the field individuals
were taken as herbarium specimens and
transported to the University of Forestry’s
laboratory for species identification. No-
menclature and systematic follow Jor-
danov (1989) and Kojuharov (1995), as
well as Delipavlov (1992) and Javorka
(1975).

Classification

In the current study TWINSPAN classifica-
tion (Two Way INdicator SPecies Analysis)
(Hill 1979) was used. The basic idea in
TWINSPAN is that each group of samples
can be identified on the basis of indicator
species, i.e. such species that prevail at
the one side of the dichotomy. TWINSPAN
gives the opportunity of processing quali-
tative and quantitative data. The soft-
ware TWINSPAN not only classifies the
samples but produces two-way ordered
data table (samples x species). In the
construction of the TWINSPAN table,
two-way weighted average algorithm of
Correspondence Analysis (CA) (Hill 1973)
was used. Combination of the two has
made the method one of the most popular
among the vegetation ecologists nowa-
days (van Tongeren 2004).

As a measure of relative homogene-
ity of the community types, index of ho-
motoneity was used (Curtis 1959). Curtis
(1959) defined it as the sum of frequency
of the dominant species divided by the
sum of frequency of all species and mul-
tiplied by 100, i.e. it is the average fre-
quency of dominant species. Dominant
species (sensu Curtis 1959, Peet 1981)
were specified by calculation of frequency
of all species in given community type.
Then, the mean species number in that
community type was calculated [this is the
species density, d, of Curtis (1959)]. Dom-

inant species are these d species with
greater frequency. Homotoneity index has
the advantage of relatively independency
of the sample number in the community
type, because species density reaches
constant after the first few samples (Peet
1974, Peet 1981).

Species Diversity

We estimated species diversity using the
heterogeneity index of Hill (1973) N,. Itis
less dependent on species number and
sample size (Baev and Penev 1995).
Moreover, it is simple and easy for inter-
pretation (Peet 1974). The index was cal-
culated as follows:

N, =) p) " (i=123...8).0< N, €S, (2)

where, p, is the sample proportion, be-
longing to /" species.

The second diversity aspect, used
in this study, is evenness, which Pielou
(1975) defines as the relationship of di-
versity index and the maximum diversity
value, which the sample can have, given
the same species number. Hill's (1973)
index of evenness E' was used. Accord-
ing to Peet (1974) it depends only on the
diversity indexes and does not depend on
the sample size. It is a “new and useful
way for species diversity investigation”
(Peet 1974). It was calculated as follows:

A Y 3)
N e[ =Y pin(p))

where, p, is the sample proportion, be-
longing to /" species.

Community types were compared
and tested for statistically significant dif-
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ference with nonparametric (when the
distribution was not normal) Kruskal-
Wallis ANOVA on Ranks, Dunn’s test.
When the distribution was normal we
used One-Way ANOVA, Holm-Sidak
method. In all analyses the significance
level was P<0.05. The following soft-
ware products were used: STATISTICA,
version 8.0 (StatSoft 2007), TWINSPAN
for Windows (Hill and Smilauer 2005),
version 2.3, CANOCO for Windows,
version 4.51 (ter Braak and Smilauer
2003), CanoDraw for Windows, version
4.1 (Smilauer 2003), SigmaPlot for Win-
dows, version 11.0 (Systat Software Inc.
2008).

Results

In the summers of 2008 and 2009, 114
0.1 ha sampling plots were set. 353 vas-
cular plant species were found. Nine of
these were not determined to species
level, because of unsuitable phenologi-
cal phase or missing parts and have
been excluded from the following analy-
ses.

DCA (Detrended Correspondence
Analysis) (Hill and Gauch 1980) gradi-
ent length of forest vegetation data was
4.574 SD units, thus justifying employ-
ment of TWINSPAN method with its CA
division algorithm. Analysis was carried
out with the default options checked.
Three levels of division were used be-
cause they gave us the desired combi-
nation between detail and interpretation
capability (Table 1). TWINSPAN classifi-
cation resulted in eight community types.
One of the TWINSPAN groups (contain-
ing samples from pine plantations) was
divided additionally into two community
types (Pinus sylvestris-Fragaria vesca
and Pinus nigra-Crataegus monogyna)

because they had different dominant tree
species and were significantly different in
some environmental and vegetation vari-
ables. Mean species number per 0.1 ha
was 34.4 species, and 4.4 m=2, In six of all
forest communities, Fagus sylvatica was
the dominant tree species. In the other
three community types Pinus sylvestris,
Pinus nigra, Quercus cerris L., Quercus
petraea (Matt.) Liebl., Carpinus betulus
L., Crataegus monogyna Jacq. and Cor-
nus mas L. dominated.

Studying the Wisconsin vegetation,
Curtis (1959) found that homotone-
ity varied between 34.5 and 70.3. Peet
(1981) studied geographically restricted
and less diversified forest communities
and found that their homotoniety varies
between 54.5 and 78.5. We obtained
values from 52.3 to 70.5 (Table 2). Most
homogenous are coniferous forests and
Fagus sylvatica-Hepatica nobilis com-
munity type.

TWINSPAN analysis of the studied
vegetation showed compositional gradient
beginning from mesic beech forest (from
left to right in Table 1), through submesic
and subxeric beech communities, to sub-
xeric and xeric coniferous forest, and xeric
oak community. Mesic beech forest was
represented by Fagus sylvatica-Hepatica
nobilis and Fagus sylvatica-Physosper-
mum cornubiense. Submesic beech for-
est included Fagus sylvatica-Gallium odo-
ratum, Fagus sylvatica-Luzula luzuloides
and Fagus sylvatica-Festuca drymeja.
The last beech community, Fagus syl-
vatica-Corylus  avellana-Brachypodium
pinnatum, had more xeric nature. Pinus
sylvestris-Fragaria vesca, Pinus nigra-
Crataegus monogyna and Quercus cer-
ris-Cornus mas forest communities were
also located in the xeric part of moisture
gradient.
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Forest Community Type Description

Community names are combination of
two or three species names with greatest
Importance Value (Table 1). Most often,
these were the dominant species in the
different vegetation strata. In this section
detailed description of community types is
presented.

Fagus sylvatica-Hepatica nobilis (n=8).
Communities of this type are distributed at
mean elevation of 1214+30.7 m on steep-
est slopes with north, northeast and north-
west exposition. Slope topography is vari-
able, but mainly with flat and convex form.
These forests prefer mesic habitats. Most
important species are Acer campestre L.,
Carpinus betulus, Acer pseudoplatanus
L., Acer platanoides L. and Fraxinus or-
nus L. Dominant shrubs are Cornus mas,
Crataegus monogyna, Lonicera xylo-
steum L., Corylus avellana L. and Rosa
canina L. Herb species with highest IV are
Physospermum cornubiense (L.) DC., La-
miastrum galeobdolon L., Campanula ra-
punculoides L., Viola riviniana Rchb., Ga-
lium odoratum (L.) Scop., Lathyrus vernus
Bernh. and Cruciata glabra (L.) Ehrend.
Mean species richness per 0.1 ha is high-
er compared to the other beech commu-
nities. That applies to the mean species
richness per 1 m? also. This community
type has relatively high species diversity
and evenness.

Fagus sylvatica-Physospermum cor-
nubiense (n=12). These communi-
ties are distributed at mean elevation of
1268+19.6 m, mainly on steeper north
and northwest facing slopes, in mesic
and submesic habitats. Slopes have vari-
able topography, but basically with flat
and concave surface. Tree species with
highest importance are Carpinus betulus,
Populus tremula L., Prunus avium L., Acer

campestre, Crataegus monogyna and
Prunus cerasifera Ehrh. The shrubs and
herbs are poorly represented. Most impor-
tant are shrubs like Rosa canina and Cor-
ylus avellana, and herbs like Helleborus
odorus Waldst. & Kit., Viola riviniana, Lu-
zula luzuloides (Lam.) Dandy, Lamiast-
rum galeobdolon, Melica uniflora Retz.,
Galium odoratum, Mpycelis muralis (L.)
Dumort. and Hepatica nobilis Mill. These
forests are poorer on species at the two
scales. Diversity and evenness indexes
are lesser too.

Fagus sylvatica-Galium  odoratum
(n=13). These forests are distributed at
mean elevation of 1433+39.1 m, mainly
on flat and concave steep slopes with
northern and eastern exposition and me-
sic habitat conditions. Dominant trees,
together with the Fagus sylvatica, are
Picea abies (L.) Karst., Pinus sylvestris,
Tilia platyphyllos Scop. and Sorbus aucu-
paria L. The herbs are well represented.
The most important species are Oxalis
acetosella L., Lamiastrum galeobdolon,
Aremonia agrimonoides (L.) DC., Mycelis
muralis, Luzula luzuloides and Dryopteris
filix-mas (L.) Schott. With the greatest im-
portance values among the shrubs are
Rubus idaeus L., Corylus avellana and
Lonicera xylosteum. Mean species rich-
ness per 0.1 ha is high for beech forest as
well as that at 1 m2. Diversity and even-
ness are also higher.

Fagus sylvatica-Luzula Iuzuloides
(n=23). This community type is found at
mean elevation of 1415+26.0 m, mostly on
convex or rarely on flat steep slopes, on
variable expositions, but mainly on east,
northwest and southeast ones. The mean
tree stratum cover is rather high. Together
with Fagus sylvatica, here dominate spe-
cies like Picea abies, Prunus cerasifera,
Crataegus monogyna and Sorbus aucu-
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paria. Shrubs and herbs are exceptionally
poorly represented. Despite that, in the
shrub stratum are more frequent species
like Juniperus communis L. and Rubus
idaeus, and in the herb layer species like
Poa nemoralis L., Viola riviniana, Lamiast-
rum galeobdolon, Cruciata glabra, Mycelis
muralis, Aremonia agrimonoides, Euphor-
bia amygdaloides L., Cardamine bulbifera
(L.) Crantz, Helleborus odorus, Galium
odoratum, Veronica officinalis L. and Vac-
cinium myrtillus L. Species richness here
is one of the least. Similarly, diversity and
evenness are very low.

Fagus sylvatica-Festuca  drymeja
(n=17). This community type is distrib-
uted at mean elevation of 1332+20.7 m.
Slope expositions are highly variable, but
north, west and northwest facing slopes
prevail. The habitats are submesic with
mostly flat steep slope surface, or occa-
sionally convex. Canopy closure here is
highest among all forest communities. To-
gether with Fagus sylvatica, species with
great importance are like Pinus sylvestris,
Populus tremula, Pinus nigra and Prunus
cerasifera. The shrubs are almost lack-
ing. Most important species are Vaccin-
ium myrtillus, Rosa canina and Juniperus
communis. The herbs are also poorly rep-
resented. With the highest importance are
Luzula luzuloides, Cardamine bulbifera,
Hieracium murorum agg L., Poa nemora-
lis, Lamiastrum galeobdolon, Festuca het-
erophylla Lam., Cruciata glabra, Calama-
grostis arundinacea (L.) Roth and Luzula
sylvatica (Hudson) Gaudin. Species rich-
ness is extremely low at the two scales of
measurement. Diversity index is also very
low. However, evenness here is highest
among all beech communities.

Fagus sylvatica-Corylus avellana-
Brachypodium pinnatum (n=15). These
forests are distributed at mean elevation

of 1310+40.6 m, on subxeric or, more
rarely, on xeric, southeast and west facing
steep slopes with flat and convex surface.
Besides Fagus sylvatica, other important
trees are Pinus sylvestris, Quercus cerris,
Prunus cerasifera, Quercus petraea, Cra-
taegus monogyna and Carpinus betulus.
Shrub and herb strata are well developed.
Among the shrubs dominate Rosa cani-
na, Juniperus communis, Rubus idaeus,
Lonicera xylosteum and Cornus mas.
Herb layer is dominated by species like
Cruciata glabra, Pteridium aquilinum (L.)
Kuhn, Poa nemoralis, Viola riviniana, Hel-
leborus odorus, Fragaria vesca, Dactylis
glomerata and Aremonia agrimonoides.
The higher species richness is due to the
greater number of herbs. Species diver-
sity is greatest among all beech communi-
ties and evenness is among the highest
too.

Pinus sylvestris-Fragaria vesca (n=15).
This community type is formed at mean
elevation of 1304+29.0 m, mainly in sub-
xeric or, more rarely, in submesic habitats
with southeastern or southwestern expo-
sition and flat gentler slope surface. Tree
canopy closure is relatively low. Together
with Pinus sylvestris, here dominate trees
like Fagus sylvatica, Prunus cerasifera,
Pinus nigra, Sorbus aucuparia and Picea
abies. Shrub and herb strata are well de-
veloped. Among the shrubs prevail spe-
cies like Rosa canina, Corylus avellana,
Juniperus communis, Rubus idaeus and
Evonymus europaeus L. Among the herbs
dominant are species like Mycelis muralis,
Poa nemoralis, Aremonia agrimonoides,
Geranium robertianum L., Brachypodium
pinnatum (L.) P. Beauv., Calamagrostis
arundinacea and Viola riviniana. Herb
cover in these plantations reaches its
maximum among all forests in the region.
Species richness at the two scales is rela-
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tively high. The evenness of these forests
is very high. The same applies to diversity
index.

Pinus  nigra-Crataegus monogyna
(n=5). These conifer communities are
distributed at lower mean elevation of
989+24.3 m in submesic habitats on flat
gentler slopes, mainly with northern and
western exposition. Tree canopy closure
is lowest among all described forests.
Other important trees are Pinus sylves-
tris, Fagus sylvatica, Quercus petraea,
Quercus cerris, Carpinus betulus, Prunus
cerasifera, Quercus frainetto Ten., Fraxi-
nus ornus, Pyrus pyraster Burgsd. and
Populus tremula. Despite the relatively
open canopy, shrub and herb cover is
lesser. Dominant shrubs are Rosa cani-
na, Corylus avellana, Prunus spinosa L.
and Ligustrum vulgare L. Herb stratum is
dominated by Dactylis glomerata, Aremo-
nia agrimonoides, Poa nemoralis, Hyperi-
cum perforatum L., Euphorbia cyparissias
and Fragaria vesca. Species richness is
extremely high and reaches its maximum
among all forest communities in the stud-
ied territory. Diversity and evenness in-
dexes also reach its maxima.

Quercus cerris-Cornus mas (n=6).
These oak forests are distributed at mean
elevation of 1024+18.3 m. The habitats
are submesic or subxeric with southwest-
ern and eastern exposition. Slopes have
convex topography and moderate inclina-
tion. Mean canopy cover is not very high.
Other principal trees are Carpinus betulus,
Quercus petraea, Fraxinus ornus, Cratae-
gus monogyna, Acer campestre, Prunus
cerasifera and Quercus pubescens Wild.
Shrubs and herbs are abundant. Domi-
nant shrubs are Corylus avellana, Rosa
canina, Prunus spinosa, Chamaecytisus
hirsutus (L.) Link, Cornus sanguineum
and Viburnum lantana. Main herbs are

Helleborus odorus, Dactylis glomerata,
Poa nemoralis, Brachypodium pinnatum,
Carex montana L., Aremonia agrimonoi-
des, Viola hirta L. and Festuca hetero-
phylla. Mean species richness is very
high. Mean diversity and evenness values
are also high, comparable to Pinus syl-
vestris communities. The lower elevation
and proximity to populated areas of the
last two community types expose them to
more extensive human influence. These
disturbances are mainly livestock grazing,
as well as variable forestry activities, such
as logging, forest road clearing, etc.

Community Type Comparison

Described community types were tested
for significant differences for the main
environmental gradients and most impor-
tant vegetation variables measured by us
(Leathwick and Rogers 1996). When vari-
able distribution was not normal, nonpara-
metric Kruskal-Wallis ANOVA on Ranks,
Dunn’s test was used. In the cases with
normal variable distribution, parametric
One-Way ANOVA, Holm-Sidak method
was employed.

We have found significant differences
between the community types for almost
all environmental gradients, except one
(Figure 2). Beech forests, together with
Pinus sylvestris-Fragaria vesca communi-
ty, are found on significantly higher eleva-
tion. Differences by this gradient are most
pronounced, especially between mixed
oak forest and Pinus nigra community
(Figure 2a). We have also found signifi-
cant differences relative to other two main
environmental gradients — moisture index
and slope inclination. Generally, beech
forests are distributed on steepest slopes
(Figure 2c) and in more mesic habitats
(Figure 2b). Slope topography (convexity)
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Fig. 2. Community type comparison by the main environmental gradients.

Mean value * 0.95 confidence interval for all forest communities are shown. Means, which whiskers do
not overlap, are significantly different. a) Mean elevation; b) Mean moisture index — higher values mean more
xeric conditions; ¢) Mean slope inclination; d) Mean convexity index. Punctuated vertical line separates beech
forests from the other communities. For the full community names see Table 1 and the text. H value shows
the result from Dunn’s test (Kruskal-Wallis ANOVA on Ranks) on the hypothesis that there is not statistically
significant difference between tested communities. F value shows the test result on the same hypothesis us-

ing One Way ANOVA, (Holm-Sidak method).

cannot be used as reliable variable for for-
est community discrimination in the stud-
ied territory (Figure 2d).

Forest communities are compared by
the mean cover of tree, shrub and herb
strata (Figure 3).

Significant differences were found
among them in the cover of all three veg-
etation layers. Beech communities have

higher canopy closure, compared to the
other groups, except Fagus sylvatica-
Corylus avellana-Brachypodium pinnatum
community, standing closer to the mixed
forests (Figure 3a). Differences among
the forest communities were weaker in
shrub layer coverage (Figure 3b). Shrub
cover is greater in oak and coniferous for-
ests as well as Fagus sylvatica-Corylus
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Fig. 3. Community type comparison by vegetation strata coverage.

Mean value * 0.95 confidence interval for all forest communities are shown. Means, which whiskers do
not overlap, are significantly different. a) Mean cover of tree stratum per 0.1 ha; b) Mean cover of shrub stra-
tum per 100 m?; c) Mean cover of herb stratum per 1 m2. Punctuated vertical line separates beech forests from
the other communities. H value shows the result from Dunn’s test (Kruskal-Wallis ANOVA on Ranks) on the
hypothesis that there is not statistically significant difference between tested communities.

avellana-Brachypodium pinnatum com-
munity. Herb layer is most abundant in
Fagus sylvatica-Galium odoratum and Pi-
nus sylvestris-Fragaria vesca (Figure 3c),
but not significantly higher, compared to
most forest communities.

We compared forest communities by
the life form number per 0.1 ha (Figure 4).

Phanerophytes are more numerous in
the mixed forests. Again, Fagus sylvatica-
Corylus avellana-Brachypodium pinnatum
community is closer to the mixed forest

communities than to other beech forests
(Figure 4a). Chamaephytes are least nu-
merous in the studied forests among all
life form groups, but they have significantly
higher numbers in mixed forests than the
beech communities (Figure 4b). The same
is the situation with hemicryptophytes and
therophytes (Figure 4c, Figure 4e). The
opposite holds for the cryptophyte group
(Figure 4d). Mesic and submesic beech
forests have more cryptophytes than sub-
xeric beech and mixed communities.
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Fig. 4. Community type comparison by life form number per 0.1 ha.

Mean value + 0.95 confidence interval for all forest communities are shown. Means, which whiskers do
not overlap, are significantly different. a) Mean number of phanerophytes per 0.1 ha; b) Mean number of
chamaephytes per 0.1 ha; ¢) Mean number of hemicryptophytes per 0.1 ha; d) Mean number of cryptophytes
per 0.1 ha; e) Mean number of therophytes per 0.1 ha. Punctuated vertical line separates beech forests from
other communities. H value shows the result from Dunn’s test (Kruskal-Wallis ANOVA on Ranks) on the hy-
pothesis that there is not statistically significant difference between tested communities.
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Fig. 5. Community type comparison by alien species number and species
richness at the two scales of measurement.

Mean value + 0.95 confidence interval for all forest communities are shown. Means, which whiskers do not
overlap, are significantly different. a) Mean number of alien species per 0.1 ha; b) Mean species richness per
0.1 ha; ¢) Mean species richness per 1 m2. Punctuated vertical line separates beech forests from other com-
munities. H value shows the result from Dunn'’s test (Kruskal-Wallis ANOVA on Ranks) on the hypothesis that
there is not statistically significant difference between tested communities.

The last comparison of forest commu-
nities is by alien species (sensu Richard-
son et al. 2000) and species richness at
the two scales of measurement (Figure 5).

Mixed forest communities and conifer-
ous plantations are more saturated with
alien species (Figure 5a). Here, the most
xeric Fagus community again stands clos-
er to the mixed communities than to the
other beech forests. The higher alien spe-
cies richness of the oak and coniferous

communities is probably due to their close
proximity to populated areas in the region
and to severe disturbance regime there,
resulting mainly from human activity, like
livestock grazing and logging.

Species richness at the two scales
in the mixed oak forests and coniferous
communities is also higher (Figure 5b and
Figure 5c). Poorer on species are beech
communities in submesic habitats (Fagus
sylvatica-Festuca drymeja and Fagus syl-
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vatica-Luzula luzuloides), except Fagus
sylvatica-Corylus avellana-Brachypodium
pinnatum community, which is closer to
mesic beech forests. Pinus nigra commu-
nity has higher species richness at 0.1 ha,
but the oak forest is richest at the 1 m?
scale. However, significantly lower spe-
cies richness compared to most other
communities is found only in Fagus syl-
vatica-Luzula luzuloides and Fagus syl-
vatica-Festuca drymeja community types.

Discussion

This study aimed classifying vegetation
cover of the studied area in more objec-
tive and adequate numerical fashion.
Testing the consistency of the obtained
community types for a number of impor-
tant vegetation variables and environ-
mental gradients, we tried to reject the
hypothesis that vegetation is organized as
recognizable community units in the envi-
ronmental space.

Most of the forest communities, de-
scribed in this study, are dominated by Fa-
gus sylvatica. Literature data, concerning
classification of the other types are scarce.
Therefore, the following discussion is fo-
cused mainly on the beech forests.

Dzwonko and Loster (2000) found
clearly expressed geographical gradi-
ent in the beech forest floristic composi-
tion from southeastern Serbia, through
Macedonia, to central Greece. Bergmeier
and Dimopoulos (2001) distinguish the
following beech forest groups in Greece:
1) beech forests in mesotrophic habitats;
2) beech forests in “cool acidic” habitats;
3) beech forests on carbonate places at
higher elevation; and 4) beech forests in
moderately warm and dry habitats. One of
the beech communities from the first eco-

logical group (Galium odoratum-Fagus
sylvatica with diagnostic species Galium
odoratum, Epilobium montanum, Car-
damine bulbifera) coincide by name with
our type Fagus sylvatica-Galium odora-
tum (with indicator species Galium odo-
ratum, Athyrium filix-femina, Lamiastrum
galeobdolon and Oxalis acetosella). How-
ever, we placed our community type in the
group of submesic beech forests. Unfortu-
nately, Bergmeier and Dimopoulos (2001)
did not give quantitative data, on which
basis, detailed comparison to be made.
According to the authors, community dif-
ferentiation follows complex “edaphic-
climatic-phytogeographic” pattern of dis-
tribution. In their general physiognomy,
the beech communities studied by them,
resemble the Central European beech for-
ests (Bergmeier and Dimopoulos 2001).
However, our results point that the main
environmental gradients, responsible for
beech forest pattern in the studied terri-
tory are elevation and moisture gradients.
Here should be noted that the scale of the
two studies is different. Ours is more local.
Despite that, Bergmeier and Dimopoulos
(2001) did not publish detailed data for the
species richness our results confirm their
conclusion that the beech forests are gen-
erally poorer on plant species.

Tzonev et al. (2006) made classification
scheme of the beech communities cover-
ing the entire territory of Bulgaria. They
described altogether 12 community types
dominated by Fagus sylvatica. The au-
thors found environmental and geographic
continuum of the described communities.
Community arrangement, according to
them, expresses the “geographical struc-
tured effects of the ecological factors,
which change from west to east, as well as
from west to northeast”. Three community
types coincide by name with our groups.
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These are Fagus sylvatica-Galium odora-
tum, Fagus sylvatica-Luzula luzuloides and
Fagus sylvatica-Festuca drymeja. Accord-
ing to Tzonev et al. (2006), Fagus sylvat-
ica-Galium odoratum is characterized with
poor species composition and lower herb
layer cover. This is in contradiction with our
results, showing that this community type
had richest species composition and great-
est herb cover among all beech forests
described in our study. We also contradict
Tzonev et al.’s (2006) results relative to Fa-
gus sylvatica-Festuca drymeja community
type. According to them, this group is found
on moist shady slopes, which they judge
by the presence of some hygrophilous
plant species like Eupatorium cannabinum
L. and Prunella vulgaris L. On the contrary,
our results show that this community type
occupies relatively dry habitats. Therefore
it is placed in the group of subxeric beech
forests (see Table 1 and Figure 2b).

Our results support Tzonev et al.’s
(2006), relative to the third community type
(Fagus sylvatica-Luzula luzuloides), and
particularly the conclusion that this is rela-
tively poor on species forest community. It
has already been mentioned that the lack
of detailed quantitative data in the phy-
tosociological studies, like Tzonev et al.’s
(2006), resulting in inability for statistical
tests and difficult comparison possibility.

Tzonev et al. (2006) made the conclu-
sion that Bulgarian beech forests differen-
tiate depending on soil, local topographic
and climatic gradients, resembling the
Central European beech communities. Un-
fortunately, they did not support this con-
clusion with enough data in their paper.
However, on the ground of our results, we
are inclined to agree with this conclusion.

In South Rhodopes (Northeast Greece)
pure and mixed beech forests have been in-
vestigated with multivariate methods (Tsirip-

idis et al. 2007a). The authors classify stud-
ied communities in 12 “vegetation units”,
placing them in four ecological groups:
mesophilous, acidophilous, calcareous, and
thermophilous beech forests. Vegetation
unit arrangement expressed the complex
gradient from moist, rich and shady habitats
toward dry, poor and warm ones (Tsiripidis
et al. 2007a). One community type from
the mesophilous group (Fagus sylvatica-
Galium odoratum) coincides by name with
one of our types. According to Tsiripidis et
al. (2007a), these forests are formed on rel-
atively higher elevation, mainly on convex
slopes. They also were characterized with
greater stand height. Principally, we agree
with the latest conclusions, but these forests
on the Vitosha Mountain south slope are
distributed mainly on concave or flat slopes.

We have found similarity between
most of the Tsiripidis et al.’s (2007a) Ca-
lamagrostis arundinacea-Fagus sylvatica
type variants from the acidophilous group
and our subxeric beech forest. The latter
are distributed in poorer and dryer habi-
tats at mean elevation of around 1300 m.
They occupy slopes with steeper or less
steep inclination, mainly on flat, or rarely,
on convex slopes, which most often repre-
sent successional vegetation.

Similarity has been found also be-
tween one community type (Brachypo-
dium pinnatum-Fagus sylvatica) from the
Tsiripidis et al.’s (2007a) calcareous group
and our Fagus sylvatica-Corylus avellana-
Brachypodium pinnatum community type
from the subxeric forest group.

Tsiripidis et al. (2007a) conclude that flo-
ristic differentiation of the Rhodope beech
forests, resulting from the meso- and micro-
climatic (caused mainly from elevation dif-
ferences), and soil (nutrient content and N)
factors. Our considerations point that these
factors are also the reason for vegetation
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pattern formation on the territory of the cur-
rent study, resulting not only from elevation
differences and soil characteristics, but from
the moisture gradient influence as well.

The role of geographical and ecologi-
cal factors for the floristic differentiation
of beech forests in Greece has been in-
vestigated (Tsiripidis et al. 2007b). Clas-
sification resulted in 14 groups of beech
forests, distributed in northeastern and
central parts of the country. Two of them
are identical by name with our Fagus syl-
vatica-Brachypodium pinnatum and Fagus
sylvatica-Galium odoratum community
types. Discussing their results, Tsiripidis et
al. (2007b) conclude that presented clas-
sification reflects the ecological and geo-
graphical gradients. They also comment
that the results from such studies depend
on the size of the studied territory, its po-
sition along assumed regional gradient,
as well as on the capacity and quality of
the data used. This is a statement that we
share, but once again, according to our re-
sults, leading gradients, shaping the veg-
etation pattern in a relatively localized ter-
ritory, are habitat moisture and elevation.

Community concept, considering them
as actually existing units, composed of co-
existing species, is applicable only within
the boundaries of a specific territory, to-
gether with its complex of environmental
gradients, i.e. plant community is a land-
scape phenomenon (Austin 2005). Our
results show that beech communities are
almost indistinguishable by the most vari-
ables tested, except Fagus sylvatica-Co-
rylus avellana-Brachypodium pinnatum,
which is closer to the mixed forest. Greater
variance among the mixed forest commu-
nities for the most variables has also been
found. Despite the statistical differences
between the beech and mixed forests, we
consider plant communities as segments

or sections in the species population ceno-
cline, indiscernible in the ecological space,
but only in the landscape; therefore their
limited usefulness in vegetation theory im-
provement. Moreover, we recognize that
classification studies for practical purpos-
es should be completely quantitative with
statistical testing of described community
types. Merely qualitative investigations are
better being abandoned in future.

Plant community concept is preferable
in the environmental management, given
the condition that intended managerial ac-
tivities are applied on a previously clearly
defined area (Austin 2005). In conclusion,
in the context of Austin’s (2005) conclu-
sion, we generalize that the presented
classification is useful from practical view
point, concerning different activities (for
example, forestry or conservation meas-
ures), which affect parts of the studied
territory, but it has limited capability in the
improvement of the vegetation theory.

Acknowledgements

The author is thankful to Dragomir Zahariev
and Eli Pavlova for their tireless help in the
field work. | thank also to Petar Zhelev for
his help in the laboratory plant species
determination and Ivan lliev for his useful
commentary and advices about the manu-
script preparation. This study was made
possible due to University of Forestry’s
Scientific Fund grant No 47/1304, 2009.

References

AusTin' M. 2005. Vegetation and
environment: discontinuities and continuities.
In: Van der Maarel, E (ed.), Vegetation ecology,
Blackwell Publishing: 52—84.



76 N. Dyakov

Baev P., Penev L. 1995. BIODIV.
Program for Calculating Biological Diversity
Parameters, Similarity, Niche Overlap, and
Cluster Analysis, Version 5.1. Pensoft, Sofia
— Moscow. 57 p.

BereMElER E., Dimorpouros P.  2001.
Fagus sylvatica forest vegetation in Greece:
Syntaxonomy and gradient analysis. Journal
of Vegetation Science 12: 109-126.

Curmis J. 1959. The vegetation of
Wisconsin. Madison: University of Wisconsin
Press. 657 p.

Deupaviov D.  (ed.) 1992. Bulgarian
Vascular Plant Field Guide. Zemizdat, Sofia.
499 p. (In Bulgarian).

Dimitrov M., Grocov P. 2003. Character
syntaxa of forest phytocenoses in Lozenska
Mountain. In: Kostov G. (ed.): Collection of
Scientific Reports “50 Years University of
Forestry, Forest Management and Landscape
Architecture. University of Forestry, Sofia: 15—
20 (In Bulgarian).

Dzwonko Z., LosTer S. 2000. Syntaxonomy
and phytogeographical differentiation of
the Fagus woods in the Southwest Balkan
Peninsula. Journal of Vegetation Science 11:
667-678.

Dzwonko Z., Loster S., DusgeL E.,
DRrenkovski R. 1999. Syntaxonomic analysis of
beechwoods in Macedonia. Phytocoenologia
29: 153-175.

Garerkov D., Stprsov V. (eds.). 1995.
Beech Forests in Bulgaria. Zemizdat, Sofia.
200 p. (In Bulgarian).

Hie M., GaucH H. 1980. Detrended
correspondence analysis: an improved
ordination technique. Vegetatio 42: 47-58.

HiLL M., SmiLauer P. 2005. TWINSPAN for
Windows version 2.3. Centre for Ecology and
Hydrology & University of South Bohemia,
Huntingdon & Ceske Budejovice.

HiLe M. 1973. Reciprocal averaging: an
eigenvector method of ordination. Journal of
Ecology 61: 237-49.

HiLt M. 1979. DECORANA — A FORTRAN
program for detrended correspondence
analysis and reciprocal averaging. Cornell
University Ithaca, New York. 52 p.

Javorka S. 1975. Iconography of the Flora
from the South-Eastern part of Central Europe.
Academia Kiado, Budapest. 585 p.

Jorbanov D. (ed.). 1963-1989. Flora of
People’s Republic of Bulgaria. Volume: |-
IX. Bulgarian Academic Press, Sofia. (In
Bulgarian).

KoJuHARoV S. (ed.). 1995. Flora of Republic
of Bulgaria. Volume: X. Academic Press “Prof.
Marin Drinov”, Sofia. 428 p. (In Bulgarian).

KoLeva E. 2005. Climate. In: Stanoeva
S. (ed.). Management plan of Nature Park
“Vitosha”. MOEW, Sofia: 26—-31 (In Bulgarian).

LeatHwick J., Rocers G. 1996. Modeling
relationships between environment and
canopy composition in secondary vegetation
in central North Island, New Zealand. New
Zealand Journal of Ecology 20: 147-161.

Macinov I. 2005. Soils. In: Stanoeva S. (ed.).
Management plan of Nature Park “Vitosha”.
MOEW, Sofia. 62—70 (In Bulgarian).

MisHiNEV T. 2005. Vegetation. In: Stanoeva
S. (ed.). Management plan of Nature Park
“Vitosha”. MOEW, Sofia: 72-85 (In Bulgarian).

Paviov D., Dimitrov M. 2003. Sintaxo-
nomical analysis of beech forests in Petrochan
Balkan (Western Stara Mountain). In: Kostov
G. (ed.): Collection of Scientific Reports
“60 Years University of Forestry, Forest
Management and Landscape Architecture.
University of Forestry, Sofia: 9-14 (In
Bulgarian).

Pavtov D. 1998. Phytocenological Bases
of Forest Typology in Bulgaria. Dissertation,
University of Forestry, Sofia, 298 p. (In Bulgarian).

Peer R. 1974. The measurement of
species diversity. Annual Review of Ecology
and Systematics 5: 285-307.

PeeTR. 1981. Forest vegetation of Colorado
Front Range. Vegetatio 45: 3—75.

PieLou E. 1975. Ecological Diversity. New
York, Wiley. 165 p.

RaunkiaAer C. 1934. The life forms of
plants and statistical plant geography. Oxford:
Clarendon Press. 632 p.

RicHARDsoN D., Pysek P., ReJVANEK M.,
BarBoUR M., Panetta F., West C. 2000.
Naturalization and invasion of alien plants:



Classification of Forest Vegetation on the South... 77

Concepts and definitions.
Distribution 6: 93—-107.

SHipkova K. 2005. Geology and
geomorphology. In: Stanoeva S. (ed.).
Management plan of Nature Park “Vitosha”.
MOEW, Sofia, 32—49 (In Bulgarian).

SmiLauER P. 1999-2003. CanoDraw for
Windows, version 4.1. Glenn Randers-
Pehrson.

StatSoFT Inc. 2007. STATISTICA (data
analysis software system), version 8.0.
Available: www.statsoft.com.

Systat  SoFtTwaArRe Inc. 2008. SigmaPlot
for Windows, version 11.0. Available: www.
sigmaplot.com.

TER Braak C., Swmiaver P.  2003.
CANOCO reference manual and User’s
guide to Canoco for Windows: Software for
Canonical Community Ordination (version 4).
Microcomputer Power, Ithaca. 351 p.

TsriPDIs 1., VassiLki K., ALFracis D.,
ATtHANAsIADIS N. 2007a. Classification and
gradient analysis of the beech forest vegetation

Diversity and

of the southern Rodopi (Northeast Greece).
Folia Geobotanica 42: 249-270.

TsiriPDIs |, BERGMEIER E., DimorouLos
P. 2007b. Geographical and ecological
differentiation in Greek Fagus forest
vegetation. Journal of Vegetation Science 18:
743-750.

Tzonev R., Dmitrov M., CHytrRY M,
Roussakova V., Dimova D., Gussev C., Paviov D.,
VuLcHev V., ViTkova A., GogousHev G., NikoLov
|., Borisova D., GaNeEvA A. 2006. Beech forest
communities in Bulgaria. Phytocoenologia 36:
247-279.

VAN ToNGEREN O. 2004. Cluster analysis. In:
ter Braak, C (ed.) Data Analysis in Community
and Landscape Ecology. Cambridge University
Press, Cambridge: 174-207.

WHITTAKER R. 1956. Vegetation of the Great
Smoky Mountains. Ecological Monographs 26:
1-80.

WHiTTAKER R. 1960. Vegetation of the
Siskiyou Mountains, Oregon and California.
Ecological Monographs 30: 279-338.



FORESTRY IDEAS, 2012, vol. 18, No 1 (43): 78-83

NEST PREDATION OF CHUKAR PARTRIDGE
(ALECTORIS CHUKAR GRAY, 1830) IN SOUTHEASTERN
BULGARIA: EXPERIMENTAL STUDY

Gradimir Gruychev

Department of Wildlife Management, Faculty of Forestry, University of Forestry, 10 Kliment
Ohridski Blvd. 1756 Sofia, Bulgaria. E-mail: gradi.val@gmail.com

Received: 05 December 2011

Accepted: 27 May 2012

Abstract

This study aims investigation of chukar partridge losses during the incubation period in spe-
cies’ nesting habitat. From 45 nests set in 2010 and 2011, 19 (42.22 %) were destroyed. In 13 of
these, mammal predation was the cause. 4 (8.89 %) were destroyed by birds and 2 (4.44 %) by
unknown pest. Statistical differences between the size of destroyed nests and herb vegetation
height have not been found. Losses were, more likely, distributed randomly in time. Relationship
between setting time and herb vegetation height was not established.

Key words: chukar partridge, nest predation, nest losses.

Introduction

During the last decade chukar par-
tridge remained a species with low num-
bers in Bulgaria. Its numbers continue
to decline. According to the latest data
it reaches approximately 1500-3000
(Birdlife Internatinal 2004) or 2000-3000
(Nankinov et al. 2004) pairs.

Bird’s reproductive failure is caused
mainly by nest predation (Ricklefs 1969),
which can influence its population num-
bers (Martin 1988a, 1988b; Fuller et al.
1995), as well as their choice of nest-
ing habitat (Martin 1988c, Hatchwell et
al. 1996, Martin and Roper 1988, Muller
1989, Berg 1992). Moreover, it can af-
fect population’s spatial dynamics and
become an important factor for predator
numbers (Fuller et al. 1995, Robinson et
al. 1995). Birds nesting on the forest floor

are affected more frequently by predatory
birds than mammals (Angelstam 1986).
Nesting predation of red-legged partridge
Alectoris rufa (Linnaeus, 1758) decreases
with the increasing height of vegetation
cover (Rands 1988).

This study aims establishing of chukar
partridge losses during the incubation pe-
riod in the birds’ nesting habitat.

Material and Methods

The current study was conducted during
July 2010 and from late April to late June,
2011, in typical chukar partridge habitat
near Harmanli Town (Table 1).

According to their geographical loca-
tion studied areas fall in the lower parts of
the Thracian valley and Sakar Mountain.
Studied habitat is dominated by herb
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and shrub vegetation. At some places
outcrops can also be found. Principal
shrub species is Paliurus spina-christi
Mill., having variable cover and 1-3.5
m height. Tree vegetation is composed
of sprouting oak forests along the ra-
vines and fruiting tree species in some
parts of the studied territory. There are
cultivated areas, represented mainly
by cereal crops, orchards, vegetable
crops and vineyards. Some territories
are pastures and others are fallow
lands. At the end of April and the be-
ginning of May the vegetation is short
and studied habitats are more open.
Paliurus spina-christi is still leafless. In
the middle of May herb vegetation is
lush and gradually embraces the shrub
bases. Chukar partridge nests, built
in these places, are more concealed,
which presumes lesser losses. In the
end of June, vegetation dries up and
the habitat becomes barer. However,
dried vegetation continues to secure a
good cover, especially in places where
grazing of livestock is lacking. The influ-
ence of vegetation cover height on nest
predation was estimated by division of
nest losses in three time periods: 1 —
from April 24 to May 15, 2011; 2 — from
May 15 to June 20, 2011; and 3 — from
July 2 to August 3, 2010.

Aiming to account the advancing
change of vegetation cover and habitat
heterogeneity 45 chukar partridge nest

Table 1. Nest numbers, locality
and observation periods.

Nest loss Coordinates | Number of
estimation period of set nests | set nests
N 41° 58’ 5
E 25° 59'
: N 41° 56
April 24 — May 21 E 250 56' 5
N 41° 56 11
E 25° 50’
N 41° 54 8
E 25° 54’
May 22 — June 20
N41° 54 9
E 25° 55’
N 41° 56 3
E 25° 56’
July 2 — August 3
N 41° 56 4
E 25° 50’

were located in different parts of its pre-
ferred habitat (Table 2).

Loss causes were specified, using
chukar partridge model eggs. The model
egg was made of farm egg by draining it
contents through couple of openings, and
then filling it with plaster. Before plaster
hardening, through the openings, plastic
cord (Hyper carp Brown 0.40 mm), bear-
ing stretch of 22.5 kg, was set. Each nest
contained eight eggs. The eggs were put
directly on the ground in shallow pit cov-
ered with sand (30 cm diameter) enabling

Table 2. Set nest location according to habitat type.

Other shrubs,
Habitat Paliurus spina- Rosa and .
type christi shrub Prunus Outcrops | Hedgerows | Vineyards | Orchards
genera
Number of 26 3 8 3 4 1
nests set
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bird and mammal track observation. Any
nest in which at least one egg was bearing
markings of shell disturbance was recog-
nized as destroyed.

Loss cause was determined by the
markings left in the egg plaster of the
destroyed nest. The nests were checked
weekly during the whole 24 day period.
Each nest contained random combina-
tion of egg colors closely resembling the
natural chukar partridge nests. Gathered
data were statistically analyzed with Past
(Hammer et al. 2001).

Results

From 45 nests, set during the two years
of study, totally 19 (42.22 %) were de-
stroyed. In 13 (28.89 %) cases, the cause
was predatory mammal, 4 (8.89 %) nests
were destroyed by birds, and 2 (4.44 %)
were ruined by unknown agent (Table 3).

We have not found significant differ-
ence between the destroyed nest num-
bers in the three study periods (H=0.622;
p>0.05). Nest losses caused by mammals
are significantly greater than bird-caused

Table 3. Confirmed losses by the checking period.

Bird,
Loss cause "r'f‘l':‘;??:k’) number (%) nlljjnmkl::x‘r’};) Total loss, number (%)

Set date — April 24 - - - -
First week check 3(15.8 %) 2(10.5 %) 0 5(26.2 %)
Second week check 3(15.8 %) 0 0 3(15.8 %)
Third week check 0 0 0 0
Fourth week check 0 1(5.3 %) 0 1(5.3 %)
Set date — May 22 - - - _
First week check 1(5.3 %) 0 0 1(5.3 %)
Second week check 2(10.5 %) 1(5.3 %) 0 3(15.8 %)
Third week check 1(5.3 %) 0 1(5.3 %) 2(10.5 %)
Fourth week check 0 0 0 0

Set date — June 2 - - - -
First week check 2 (10.5 %) 0 0 2 (10.5 %)
Second week check 1(5.3 %) 0 0 1(5.3 %)
Third week check 0 0 1(5.3 %) 1(5.3 %)
Fourth week check 0 0 0 0
Total loss 13 (68.5 %) 4(21.1 %) 2 (10.6 %) 19 (100 %)
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and than that with unknown cause (x* =
10.848; p<0.01). Five nests were de-
stroyed by canids (Canidae), six by mus-
telids (Mustelidae), and two nests by un-
known mammal species. Canid represen-
tatives were domestic dog Canis familiaris
(Linnaeus, 1758) — one nest; golden jack-
al Canis aureus (Linnaeus, 1758) — one
nest; and red fox Vulpes vulpes (Linnae-
us, 1758) — two nests. In one case, the ca-
nid pest was not known. In two cases, the
nests were destroyed by Stone marten
Martes foina (Erxleben, 1777). One was
damaged by European polecat Mustela
putorius (Linnaeus, 1758). Three nests
were harmed by unidentified mustelid
species. There was not specific mam-
malian group which destroyed signifi-
cantly greater nests than the other groups
(x® = 2.001; p>0.05). There was no sig-
nificant difference between the ruined
nests in the first two and the second two
weeks (x* =0.474; p>0.05). We have not
found significant differences between the
destroyed nests’ size and the vegetation
height (x* =1.369; p>0.05). Losses are
rather randomly distributed temporarily
without any relationship according to set-
ting time and vegetation height.

In two cases the cause of nest destruc-
tion was not determined. One of the nests
was destroyed before flood rain (June
20, 2011) and traces were lacking. In the
second case, there was narrow trail lead-
ing toward the nest, with snake traces in
the sand, but it cannot be claimed that
this was the cause for the missing eggs
(July 22, 2010). Snakes were reported as
chukar partridge nest pests in the United
States (Christensen 1970). It has been
observed a snake density increase during
the egg-laying period around chukar par-
tridge farm near to Sliven Town (Mikhailov,
unpublished). In the current study, con-

firmed cases of snake-destroyed nests
are lacking.

Discussion

Our results show that chukar partridge
nest losses in the studied area are
caused mainly by predatory mammals
(28.89 %). Among the canids potential
pests are species like red fox, golden
jackal and domestic dog. At the places
with livestock grazing accompanying
shepherd dogs caused increase of chu-
kar partridge nest losses. Mustelids can
destroy the nests too, but in specific
habitats, according to their own distribu-
tion pattern. According to Chesness et
al. (1968), nest predation of pheasant
Phasianus colchicus (Linnaeus, 1758)
is mainly due to polecats and crows. In
our study, nests destroyed by birds are
significantly lesser than those ruined by
mammals. This is probably due to the low
bird densities which are potential nest
pests. During the field observation of
the studied territory single jays Garrulus
glandarius (Linnaeus, 1758) were no-
ticed. Predatory rate is related to corvid
bird abundance. Their density in turn cor-
relates with the extent of agricultural land
and human population density, as well as
forest fragmentation (Andrén et al. 1985).
Chukar partridge habitats are character-
ized with the restricted agricultural lands.
This determines the lower density of
corvid birds there. Therefore, the lesser
nest losses in these areas. Corvid birds
destroy mainly nests constructed on
shrubs, while predatory mammals usu-
ally ruin ground nests (Sdderstrom et
al. 1998). Nest predation of red-legged
partridge, occupying olive orchards in
Spain, is due mainly to dogs and cats
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(Duarte and Vargas 2001). We have not
found significant differences between the
destroyed nest size and the vegetation
height. According to other studies, preda-
tion extent is not always associated with
the degree of nest concealing (Howlett
and Stutchbury 1996, Burhans and
Thompson 1998, Braden 1999). This is
probably due to non-visual nest search-
ing mode of some predators (Rangen
et al. 1999). They can also use the op-
portunity of finding the parents (Gétmark
et al. 1995, Cresswell 1997, King et al.
1999). However, other studies show that
predation rate in red-legged partridge
(Alectoris rufa) decreases with the veg-
etation height increase (Rands 1988).
Higher vegetation cover and heterogene-
ity can reduce the predation percentage
(Newton 1998, Willson et al. 2001). Nest
predation rate of ground-nesting birds is
different in the variable habitats. It de-
pends on predatory mammalian density
(Picman 1988). Other chukar partridge
habitats, where predator type and density
are different, will probably have different
extent of destroyed nest compared to our
results. There are several specifics asso-
ciated with our experimental set. It was
not clear whether the set nest density in
the studied habitats was not too higher. If
this was the case, it could lead to higher
losses compared to natural populations.
Our experimental model does not ac-
count the parent birds’ presence in the
nests. According to Skutch (1949), Willis
(1973), Cottfried and Thompson (1978)
in Picman (1988), parent presence on
the nest or in close proximity to it can at-
tract predators. Therefore, our estimation
of predatory rate is probably reduced.
Unfortunately, there is lack of data about
the chukar partridge reproductive suc-
cess in Bulgaria. Therefore, our results

reflect the relative differences of species’
nest predation.
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Abstract

The ever-growing demand for timber and restricted harvesting in oak and beech forests re-
sulted in the idea of establishment of fast-growing forest tree plantations. The present paper pres-
ents results of a study on the plantations established in 1984 and 1985 in State Forest Service
(SFS) Gorna Oryahovitsa, near the village Paisiy. The experiment consisted of pure plantations
of Pseudotsuga menziesii (Mirb.) Franco, Cedrus atlantica Manetti, Quercus rubra L., Tilia tomen-
tosa Moench., Robinia pseudoacacia L. and Pinus nigra Arn., and mixed plantations of Cedrus
atlantica, Quercus rubra and Tilia tomentosa. All species were planted in three different locations.
Robinia pseudoacacia plantations with initial density 2 x 1 m, and natural Quercus cerris — Q.
frainetto stand were used as control. The intensive plantations were more productive than both
conventional stands and natural forest. At the age of 20 to 21 the target species were in good
health, grew well, and did not show any signs of deteriorating health. Highest increment was
recorded in the pure plantations of Tilia tomentosa, Pseudotsuga menziesii and Pinus nigra. The
research proved that intensive forest plantations are especially suitable for the lower forest belt if
they are planted on suitable locations and the soil is appropriately cultivated.

Key words: growth, initial density, intensive plantations, increment.

Introduction forest zone. This, through intensive culti-

vation, would provide production of small,

The ever-growing demand for timber and
the intensive deforestation of woodland on
a national and global scale needs efficient
solutions of this problem. The exploitation
of high-stem oak and beech forests, as
well as forests of other valuable species,
should be restricted. The possibilities for
establishment of fast-growing polar plan-
tations are limited due to the few avail-
able areas suitable for this purpose. In the
1970s scientists came up with the idea of
establishment of industrial plantations of
fast-growing tree species in the lowland

medium-sized and some large-sized logs
for a period of 25 to 30 years. In 1973 the
Government decreed that the Ministry of
Forestry should establish a total area of
150,000 hectares of intensive plantations
— 90,000 ha in North Bulgaria and 60,000
ha in South Bulgaria.

Possibilities for establishing forest
plantations for accelerated timber pro-
duction at early age were studied among
others by Broshtilova et al. (1988), Kos-
tov et al. (1988), Taris (1987), Tsanov et
al. (1990, 1992), Broshtilov et al. (2003),
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Broshtilov and Broshtilova (2007a,b), Kal-
mukov (2007), and Popov (2009).

The present paper attempts to analyze
and assess the results derived from the
established intensive plantations for the
accelerated production of deciduous and
conifer timber in the lowland forest zone
of Central North Bulgaria.

Material and Methods

Field studies began in the vicinity of the
village of Paisiy in 1982. Indigenous for-
est of Turkey oak (Quercus cerris L.)
and Pubescent oak (Quercus pubescens
Willd.) has been cut and part of the stand
uprooted. Complete soil preparation was
performed. In the spring of 1984 the first
plantations were established: pure planta-
tions of Pseudotsuga menziesii with row
widths of 2.4 and 3.6 m and four planting
densities — 1.2, 1.8, 2.4 and 3.6 m. Each
plot was 0.1 ha and the plantations were
established in three different locations.
The other plantations were: pure planta-
tions of Quercus rubra with initial density
of 24 x 1.2 m and 3.6 x 1.8 m; a pure
plantation of Tilia tomentosa, with initial
density of 2.4 x 1.2 m; and a cultivar-
selection experiment with 14 clones of
Robinia pseudoacacia with initial planting
density 4 x 4 m. In 1985, a pure planta-
tion of Cedrus atlantica was established
with the same row widths and densities
as in plantations of Pseudotsuga menzie-
sii. Mixed plantations of Cedrus atlantica
and Quercus rubra and Tilia tomentosa,
varied sequentially at every other row with
initial planting density of 3.6 x 1.8 m were
also established. The cultivar-selection
experiment with Robinia pseudoacacia L.
was extended with 14 more clones. The

plantations of Pseudotsuga menziesii
were planted using 2-year-old saplings,
while the plantations of Quercus rubra
and Tilia tomentosa were planted using
1-year-old saplings. The cultivar-selection
experiment with Robinia pseudoacacia L.
was established with one-year-old veg-
etative saplings from root cuttings. After
planting the trees were stump-cut and
subsequently one shoot was left for each
plant. The Cedar plantations were estab-
lished using 2-year-old saplings of Atlantic
and Himalayan cedar (Cedrus deodara
G. Don). The rows were earthed-up dur-
ing the first four years, and the inter-row
spaces were disc-harrowed three times a
year for the first six years.

Measurements were done in 2005. Di-
ameters were measured to nearest 1 cm,
and height to nearest 0.5 m. Model trees
of Douglas fir, Atlantic cedar, Red oak, Sil-
ver lime, and Black locust were extracted
for trunk analysis. Results were compared
to those of the indigenous Oak forest,
local black locust stands, and Austrian
Black pine stands.

Results and Discussion

The comparative analyses of stands of
approximately the same age and location
enabled certain inferences regarding the
specific biological characteristics of the
species, and the importance of the initial
planting density on their status, growth
and increment.

The initial planting density had little
impact on the degree of tree loss at the
age of 21. Self-thinning was affected to
a greater extent by the spacing between
the saplings within a row, rather than by
the spacing between rows. At density
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2.4 and 3.6 m, the increase of spacing
between the saplings within a row from
1.2 to 3.6 m expressed the same trend
of substantial decreasing the number of
fallen and dead saplings. At the age of 21,
the percentage of viable trees varied from
70 to 91.7 % (Table 1). Obviously, using
a spacing of 1.8 m between the saplings
resulted in greater number of survived
trees. To a certain extent this could be
due that at such spacing the crowns close
later and individual trees are less affected
by competition of surrounding trees than
those planted at initial density of 1.2 m.
Conversely, when the growth space was
more than 2.4 m, any loss could be at-
tributed to rooting failure and damage
caused by wild animals. Douglas fir suf-
fered from debarking and stem cutting
by stag and deer, which was observed
in other introduced species. This dam-
age could not be prevented, even when
stands were fenced. There was rarely
more than one stem of Douglas fir at a
single planting spot. Growth space had

stronger impact on the diameter- than on
height growth (Table 1).

The stands with greatest number of
trees had the smallest average diameter
of 14 cm (planting density 2.4 x 1.2 m,
2546 trees-ha™', with a growth space of
3.93 m?). The smallest diameter was 5.0
and the greatest one was 23 cm. Trees
with trunks below the average diameter
were predominant. With the increase of
growth space, the average diameter of
trees in stands with different initial densi-
ties also increased. The greater distance
between rows provided better growth
conditions. When the growth space was
above 7.0 m?, the diameter growth was
affected to a lesser extent. The height
growth depended on the initial density to a
lesser extent. At 3.6 x 1.8 m planting den-
sity the average height was 13.2 m, while
at2.4 x 2.4 mitwas 12.9 m. Regardless of
the initial density, trees in all stands were
in equally good health, with trunks not
self-pruned and branches along the whole
stem preserved. The initial planting den-

Table 1. Growth and yield of 21-year-old stands of Douglas fir at various initial densities

Planting | No trees Live . Diameter, cm Height, m Stock,
. Survival, 3,1
density, | planted, trees, % m™ha
m ha™ ha™ Average | Min | Max | Average | max | debarked
24x1.2 3472 2546 73 14.0 5.0 23.0 131 16.1 217.0
24x18 2315 2046 88 15.6 6.0 | 23.0 13.0 16.0 228.0
24x24 1736 1428 82 18.3 6.0 25.0 12.9 15.6 199.0
24x36 1157 1008 87 19.3 7.0 | 26.0 12.9 15.4 191.0
36x1.2 2315 1848 80 16.0 6.0 | 23.0 131 16.1 216.0
36x1.8 1543 1471 95 17.6 6.0 25.0 13.2 15.6 195.6
36x24 1157 1068 92 20.0 6.0 | 25.0 12.9 15.4 204.0
3.6x3.6 772 743 96 20.3 7.0 28.0 12.9 15.3 138.0
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sity has affected only the thickness and
length of the branches and the height to
which they were withered. The increase of
growth space from 2.4 x1.2t0 3.6 x3.6 m
produced an increase of the percentage
of live branches. At the smallest growth
space the withered branches were up to
6 or 7 meters, while at the largest growth
space they were up to 2 to 4 meters. The
volume was dependent on the initial plant-
ing density. At planting density 2.4 x 1.2 m
debarked volume was 217 m®*-ha™', and at
3.6 x 3.6 m it was 138 m3-ha™', which is
relatively high value for this age.

Height growth of the average model
tree was most intensive at the age 10 or
11 and the average increment remained
high. The diameter growth was most in-
tensive at the age of 13 or 14 in the stands
with initial planting density 2.4 x 2.4 m.
Although passed the peak, the diameter
growth was still intensive. Annual incre-
ment values were more than 0.5 cm. Vol-
ume growth was intensive and still had not

peaked. At the age of 21, Douglas fir trees
were still growing intensively with increas-
ing stem volume. The number of withered
trees was insignificant — these were trees
with a small diameter, considered indus-
trially unimportant. They could be left on-
site in order to improve growth conditions.
All stands were in good health and unaf-
fected by diseases or pests.

Under the same conditions and initial
planting density patterns, Atlantic cedar
at the age of 21 displayed less vigorous
growth than Douglas fir. The percent-
age of live trees varied from 50% at 2.4
x 1.2 m planting density to 64% at 3.6 x
1.8 m (Table 2). The degree of self-thin-
ning was also affected by the percentage
of Himalayan cedar trees in the stand.
The experiment corroborated the opinion
that the Himalayan cedar should not be
used in North Bulgaria. It is strongly sus-
ceptible to shortages of air moisture and
low ambient temperatures. The Atlantic
cedar showed better adaptability. Another

Table 2. Growth and increment of 20-year-old stands of Atlas cedar planted
in the vicinity of the village of Paisiy at various initial densities.

Planting No Live Survival, Diameter, cm Height, m Stock,
density, tree_?, treej, % m%ha'
m ha ha average | Min | Max | average | max
24x1.2 3472 1737 50 16.3 6.0 25 13.0 15.4 188.81
24x1.8 2315 1343 58 16.6 7.0 28 13.0 15.2 146.0
24x24 1736 972 56 19.3 7.0 28 12.8 15.0 167.0
24x3.6 1157 640 55 20.6 8.0 32 12.8 15.0 112.0
36x1.2 2315 1273 55 17.0 5.0 27 13.0 15.3 145.0
36x1.8 1543 1033 67 19.5 8.0 31 12.9 15.2 174.0
36x24 1157 822 71 23 7.0 31 12.8 15.0 167.0
3.6x3.6 772 361 47 23 13.0 34 12.7 14.9 76.0
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cause for greater self-thinning of stands
with greater growth space was the dam-
age inflicted by wild animals. At the age of
21 the stand with initial density 2.4 x 1.2 m
had 1,737 remaining trees per hectare
with growth space of 5.76 m? per tree. The
stand with greatest initial density of 3.6 x
3.6 m had 361 remaining trees per hect-
are with growth space of 27.7 m?, which
corresponds to the 3.6 x 7.69 m planting
density. The increase in growth space re-
sulted in trees with larger diameters.

The stand with initial density of 2.4 x
1.2 m had an average diameter 16.3 cm,
with the largest value being 25 cm. Using
the same row spacing but greater spacing
between the saplings provided better con-
ditions for diameter growth. At 2.4 x 3.6 m
planting density the average diameter was
20.6 cm, with the largest one being 32 cm.
The same trend was observed for the stand
with a row spacing of 3.6 m — the increase
of spacing between the saplings resulted
in larger diameters (Table 2). At 3.6 x 1.2 m
planting density the average diameter was
17 cm, and at 3.6 x 3.6 mitwas 23 cm. The
same model was observed for the maxi-
mum diameter measured in these stands —
it was greatest (34 cm) in the stand with the
greatest growth space. At the age of 20 the
average height of trees was approximately
12 to 13 m, and the maximum one was 15
to 16 m.

The growing stock depends on the num-
ber of trees. It is higher when more trees per
hectare are retained. At this age the stock of
the stands with highest initial density of 2.4
x 1.2 m was 188.81 m3-ha™ debarked, but
stems were smaller in size. At 2.4 x 1.8 m
planting density the stock was 146 m3-ha™,
and at 3.6 x 1.2 itwas 145 m®*ha™', but these
trees had larger diameters.

Under the same conditions and at the
same age, the number of the remaining

Cedar trees in the mixed stands depend-
ed on the other species. In the stands with
Red oak the remaining cedar trees were
21 % more than the trees in the stands
with Silver lime (Table 3). Red oak turned
out to be a better companion for the Ce-
dar where survival rate was 63.47 % for
the Cedar and 84.59 % for the Red oak.
Although rare, some Cedar trees had two
stems thus reducing their growth space
to 9.03 m2. The remaining Cedar trees
amounted to 554 trees per hectare. Num-
ber of trees having two stems was high-
er in Red oak, thus reducing the growth
space from 7.66 m?to 5.85 m2 In the
mixed stands of Cedar and Silver lime,
less than one half of the planted Cedar
saplings survived — 363 trees per hectare.

Approximately 94.95 % of the initial Sil-
ver lime trees survived. At the same time
the number of stems per tree varied from
1 to 6, or total of 2,522 trees per hectare,
which is more than three times the amount
of initial saplings. Their growth space had
shrunk to 3.97 m? per stem. The Red
oak had a better influence on the Cedar
than did Silver lime. The greater number
of remaining trees per hectare affected
their diameter growth — more trees had
remained but with smaller diameters. The
average diameter of Cedar was 18 cm
and the largest one — 25 cm. In the mixed
stands with Silver lime less trees survived,
but their average diameter was larger
— 18.5 cm. The stock of the cedar in the
stand with Red oak was 60.32 m*-ha~' and
in the stand with Silver lime it was 39.46
m3-ha~'. Silver lime had the smallest aver-
age diameter — 11.5 cm, but the greater
number of stems resulted in a greater
volume — 87.00 m3-ha~'. Higher stock of
the mixed stand of red oak and cedar
(134.32 m®-ha') was due to the larger Ce-
dar volume (Table 3). The two accompa-
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nying species — Red oak and Silver lime
— did not have a significant influence on
self-pruning of the cedar. Branches were
preserved even in the lowest part of the
trunks at height 1.0-1.5 m. Up to one-third
of the Red oak trunks were self-pruned,
while less than one-third of the Silver lime
trunks were self-pruned. Red oak and Sil-
ver lime trees were fruit-bearing, in good
health and still growing in both diameter
and height.

At the age of 21 the pure stands of
Red oak were self-thinned to a differing
extent depending on their initial density. At
2.4 x 1.2 m planting density about 46 %
of the initial saplings survived, while at
3.6 x 1.2 m this percentage was 70 %.
The greater growth space facilitates sur-
vival of more stems. Although rare, there
were some cases of two stems in a single
planting spot. Greater initial density had
a negative impact on the stands and re-
sulted in a greater number of withered
trees. Despite the relatively small num-
ber of remaining trees, the greater initial
planting density had negatively affected
their diameter growth. Trees in the denser
pattern had smaller average diameter —
13 cm (Table 3). The experiment proved
the theory that the Red oak is a light-de-
manding species prone to phototropism.
The larger initial growth space had a
positive effect on the number of remain-
ing trees as well as on better growth and
increment. The average trunk diameter
was 14 cm and the largest one was 19
cm. The growing stock (debarked) was
146 m3-ha~'. Under the same conditions
Silver lime, being less sensitive to light
conditions, had more remaining trees per
hectare and more stems per planting spot
even in the stand with the highest initial
density — 2.4 x 1.2 m (Table 3). As larger
number of trees remained, this facilitated

the self-pruning, but at certain stage of
tree development it negatively affected
their diameter growth. With an average
diameter of the stand 10.5 cm, debarked
volume stock of 180.5 m3-ha™' and 212
m3-ha~" with bark this sylvicultural system
seems to be the most productive among
all deciduous tree species.

In Black locust the initial planting den-
sity and origin of saplings had a strong
influence on the degree of self-thinning.
Mixed indigenous stand with initial den-
sity of 2.0 x 1.0 m had higher degree of
self-thinning and at the age of 15 the sur-
vival rate was only 59 %. Average diam-
eter was 10 cm and the largest one in the
stand — 22 cm. Number of withered trees
in the stand established by using vegeta-
tive saplings of selected clones planted
at initial density of 4 x 4 m was insignifi-
cant. Average diameter of the stand was
21.6 cm and the largest one was 34 cm.
The volume stock of the denser stand
was smaller — 98 m3-ha~', while the stock
volume of the stand with a larger growth
space was 165 m? per ha (Table 3). The
logs produced by selected clones were
larger. Stems were relatively well self-
pruned, straight and provided a better
assortment with a larger percentage of
valuable wood. Under the same condi-
tions Black pine stand had volume stock
of 198 m3-ha".

At the same locations indigenous for-
est consisting mainly of Turkey oak (Quer-
cus cerris) of coppice origin had volume
stock 120 m3-ha™' at the age 25 (Table 3).
Both Turkey and Pubescent oak trees had
small average diameters of 12 cm, while
the one was in some cases more than
20 cm. Most stems were not straight and
could only be used for firewood, chemical
processing, and (a small amount) as con-
struction material.
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Comparing the stock and quality of
timber from plantation with these of indig-
enous forest showed that cultivated plan-
tations are far more productive.

Conclusions

The initial planting densities of 2.4 x 1.8 m
and 3.6 x 1.8 m for plantations of Douglas
fir and Atlantic cedar facilitate survival of
larger numbers of trees and provide bet-
ter growth conditions and therefore, high-
er growing stock during the first 15 to 20
years after planting. Regular thinning is
necessary for production of more valuable
stems.

Planting density schemes with greater
spacing between the rows — 3.6 or 4.0 m
— should be used in the establishment of
intensive forest plantations. Both decidu-
ous and coniferous species are suitable
for intensive plantations in the lower forest
belt (up to 600 m a. s. |.). Suitable conifer-
ous species are Austrian Black pine and
Douglas fir. Atlantic cedar could also be
used but only under suitable environmen-
tal conditions. Of deciduous species Black
locust, Red oak and Silver lime could be
recommended.

Denser initial planting patterns do not
cause sufficient self-pruning of conifer-
ous species. In order to produce knot-free
timber these stands should be additionally
pruned.

Initial planting density affects the
growth and the stock of Black locust. In-
creasing the growth space from 2 to 16 m?
per sapling stimulates its diameter growth.

The intensive forest plantations at the
age of 20 or 21 have two to three times
higher growing stock than the indigenous
forest stands.
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Abstract

The aim of the present investigation was to establish the duration of work time and productivity
of a mobile forest skyline Koller K 300 in Ograzhden Mountain.The length of the studied road-
track was 270 m and the transported wood was of Common beech (Fagus sylvatica L.). The
terrain investigations were carried out with 107 work courses of loaded carriage for a period of
four days. Each work course was divided into nine phases. It was established that most time was
used for the work phase ‘Motion of the loaded carriage to the landing site’ similarly to other terrain
investigations. The average productivity was 3.22 m3h-'. The results indicate that with a proper

organization the forest skyline Koller K 300 could yield very good productivity.

Key words: hauling distance, Koller K 300, load, productivity.

Introduction

After the structural changes in forest sec-
tor in Bulgaria that took place in 1998-1999
all activities concerning logging were trans-
ferred to private companies. This lead to
total change of the work organization in the
forest sector. Thirty forest skylines Koller K
300 imported in a course of 80 years, to-
gether with all available forest machinery
went to private companies, too. Most com-
panies do not fully utilize the capacity of
the skylines they own because of require-
ments for the specific abilities for work-
ing, peculiarities of the exploitation and
because of inadequately developed road
infrastructure. The attempts for work with
forest skyline Koller K 300 often did not
provide satisfying results — frequent failure,
low economic profitability, low productivity,

as well as cases of staff injuries. Relatively
good results were achieved only in regions
with long-term traditions and trained work-
ers. At the same time, some published re-
sults showed that the extraction of timber
using sky-lines is more environmentally-
friendly even than that using animal pulling
power (Naghdi et al. 2009).

The investigations of sky-lines in Tur-
key showed that the productivity depends
mainly on the length of hauling distance
and the number of transported pieces in
one stand (Senturk 2007, Caliskan et al.
2005). It was pointed out that slope of the
sky-line and weight of the carriages are
also important factors affecting timber ex-
traction process (Erdas and Eroglu 1999).

No such studies were carried out in
Bulgaria during the last 20 years. German
and Czech standards for planning of the
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cost of lumbering were used, after being
adapted to Bulgarian conditions (Markoff
and Glushkov 2008).

Therefore, the objective of the present
study was to investigate the working pro-
cesses and reliability of the sky-line used
in the forests of Bulgaria.

Materials and Methods

The investigation was carried out dur-
ing the summer of 2009 on the territory
of Parvomay Forest Service, Ograzhden
Mountains. The cutting area was situ-
ated on a steep slope, at altitude 930 m
a.s.l. Beech wood was subjected to har-
vest. The silvicultural system applied
was uniform graduate felling, lightenning
phase, with 25 % intensity. The volume
marked for cutting was 210 m3. All logs
were transported by yarding lifting the
timbers suspension positions.

The instruments used were digital
chronometer, inclinometer, compass,
and meter stand maps at scale 1:10 000.
Management plans, silviculture plan and
data related to harvesting activities were
obtained from the State Forest service in
the study area.

The working time was studied using
the IUFRO WT 3.04.02 classification. Time
was divided into 10 working periods total-
ly, or phases of one work cycle. The time
needed for extraction of timber of a definied
load from cutting area to the upper station
was considered as one full work cycle. One
minute (60 seconds) was assumed to be
100 and all other calculations were done
accordingly. The working phases for one
cycle were as follows:

Y1 — Hauling back of empty carriage;

Y2 — Descending of empty hook;

Y3 — Pulling of hook to log and
attaching of loads;

Y4 — Pulling of loaded hook to carriage;

Y5 — Moving of loaded carriage to

landing site;
Y6 — Descending of loaded hook to
ground;

Y7 — Unhooking the loads;

Y8 — Pulling backwards of empty hook;

Y9 — Nonworking time (covering spare
and delay time of workers);

Yst — Total working time for each shift;

X1 m — Distance, of logs at the layout
of the line;

X2 m — Distance of dragging loaded
carriage with carriage rope;

V m?® — Transported timber volume.

The tractor used for Koller K300 was
Universal-651, produced in Romania. De-
tailed description is given in Table 1.

Results and Discussion

It was establishes that fan-shaped meth-
od was used in the cutting area as only
the rope at the lower pillar was removed.
The skyline was displaced in a small area
above forest lorry road since carriageway
road was used as loading platform. The
tractor was positioned in parallel to the
forest lorry road and road layout was posi-
tioned perpendicular to the road. Two pil-
lars were used of the main line, 50 m and
270 m from the upper station, respective-
ly. Standing alive trees were used as pil-
lars. Supporting spars were put on height
of 14 m for the upper pillar and of 16 m
for down pillar. The average slope of the
layout was 37 °.

The installation of the supporting spar
from live pillar tree was a typical peculiar-
ity of this skyline. In the most cases this
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Table 1. Yarder specifications for forest
skyline Koller K 300.

Model K300

Height of tower 7m

Model of tractor Universal-651

Engine 50 kW

Skyline length 350 m
diameter 16 mm

Mainline length 350 m
diameter 10 mm

Pull 18 kN

Speed 3.2mes™

operation was done by worker with the
help of special cats put on the shoes al-
lowing climbing to certain height of the
tree. In this case a ladder was done from
split branches with diameter 0.05-0.07 m
hammered with 4-5 nails to the stem of
the respective tree at distance 0.7 m from
each other. The advantage of such pillars
is that the workers have a quick and easy
approach to the supporting spar and can
easily remove eventual damages spring-
ing up in the process of work. The greater
charge of the time for doing such ladder
can be pointed as fault in comparison with
the standard method of work.

The team working with forest skyline
Koller K 300 consisted of 4 people: a
yarder operator of the skyline and a
worker cutting the stem at defined length
at the upper station; a worker attaching
the stems in the cutting area and a work-
er who cuts and log at the down station.
The worker who cut trees at the down
station worked independently and did not
participate in extraction of timber, with
the exception of loading the lorry with
firewood. His main role was cutting, trim-

ming and logging of the timber needed
for extraction during the relevant work
day. Typical peculiarity was that cutting
of trees was carried out only trough work
phase Y5: Moving of loaded carriage to
landing site. Woody wedges were used
for directing of trees during of the cutting.
In this way the danger of trees falling
above the main line was minimized.

Besides forming the load the worker
who attached the stems in the cutting area,
trimmed the thin branches remaining on
the stem, which was the reason for fre-
quent stops during work phase Y4: Pulling
of loaded hook to carriage. It increased
the time of relevant working course and de-
creased the total productivity.

The worker who cut the stems at de-
fined length at the upper station, unhooked
loads from the carriage and logged stems
for firewood and construction timber, which.
These two timber types were stacked on
different loading platforms. The construc-
tion timber was moved with forest skyline
Koller K 300. Including these additional op-
erations in working phase Y7: Unhooking
the loads caused frequent stops for draw-
ing out the extracted timber, because the
small area of the used loading platforms
contained only up to 50 m3. In this case
the lack of extra winch for arranging of the
loading platform leads to decreasing of the
total productivity of the skyline.

The vyarder operator of the forest
skyline Koller K 300 was the team leader.
He drove the jeep and was responsible
for the supply with fuel and lubricating oil.
During the work he was dealing only with
the skyline operation.

It should be pointed that the cutting area
was situated 30 km from the village where
the working team was living. In this way the
travelling to the work place was taking up
to 3 h and 45 min on average every day.
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A total of 107 work cycles were mea-
sured during the investigation of the skyline
work time. The results are given in Table 2.

Distribution of the work phases in the
average work time was determined as Y3
>Y5>Y9>Y7>Y1>Y4>Y2>Y6>Y8.

The work phase Y3: Pulling of hook
to log and attaching of loads was the
most time consuming. It was due to many
factors but mainly to significant hauling

this was catching of extracted loads to
trunks and staying trees. The data about
the productivity of the Koller K 300 Mobile
Skyline are as follow: 0.60 m3.shift™,
3.22 m3shift' and 25.76 m3shift-".

The productivity of Koller K 300 Mobile
Skyline can be defined as moderate. Our
results are comparable with those pub-
lished in Turkey — 4.9 m3-h~" with 250 m
drawing out distance (Senturk 2007).

Table 2. Work phases and their percentages in average shift time consumption.

Sledge Work Phases
Winch Skyline Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Yst
Time s 64 14 187 54 138 5 84 5 107 | 659
consumption % | 97 | 21 | 283 | 83 | 210 | 08 | 127 | 07 | 163 | 100

distance, which was 33 m in average.
Furthermore, the worker forming the load
at the down station trimmed with axe the
stems of already hooked stem sections.
The steep terrain as well as the messy
brushwood caused additional difficulties
to the work of load formation. The opera-
tion Y5: Moving of loaded carriage to
landing sit was taking significant amount
of time, too. This phase depend mostly
on the drawing out distance, in this case
being between 150 m and 265 m. Differ-
ent kinds of stops were included in the
skyline in work phase Y9: Nonworking
time (covering spare and delay time of
workers) and they cannot be classified
separately. The most frequent reason for

The correlation analysis aiming at de-
termining the degree of relationships be-
tween different work phases, drawing out
and hauling distance, and timber volume
extracted through each course. The re-
sults are presented in Table 3.

Statistically  significant correlation
coefficients were established during the
working phases: Y1 correlated with X2
(0.543), Y3 — with X1 (0.461), Y4 — with
X1 (0.804) and Y5 correlated with X2
(0.473).

There were few significant correlations:

1. Y1: Hauling back of empty car-
riage moderately (0.543) correlated with
X2: Dragging distance (expected value
was close to 1). This result shows that the

Table 3. Correlation coefficients.

Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9
X1 0.485 0.076 0.461 0.804 0.665 -0.133 0.158 -0.005 0.030
X2 0.543 0.181 0.405 0.428 0.473 -0.077 0.146 -0.145 0.053
vV, m’ 0.104 0.129 -0.030 0.122 0.051 -0.094 -0.091 -0.050 0.020
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operator could not control a carriage pre-
cisely all the time.

2. Y3: Pulling of hook to log and at-
taching of loads moderately (0.461) cor-
related with X1: Load distance (expected
value was close to 1). This could happen
because the load was not standardized,
but there are a lot of other factors, so hy-
pothesis should be defined more accu-
rately. In order to minimize time period it
is necessary to standardize timber heap.
That includes: allocated worker(s) only for
load preparation, cutting of boughs from
logs, optimizing of log structures.

3. Y4: Pulling of loaded hook to car-
riage significantly (0.804) correlated with
X1: Load distance. This result was ex-
pected and the practical aspect is estab-
lishment of timber heap near the skyline-
bed. Using of special motor saw for trim-
ming could be recommended for avoiding
the periods of stay during the work phase,
since a lot of time is lost for trimming. The
worker forming the load should not deal
with other kind of activity.

4. Y5: Moving of loaded carriage to
landing site is average (0.473) correlated
with X2: Dragging distance (expected
was nearby 1). That shows that the opera-
tor could not control a carriage precisely
all the time (same as point 1). In order to
minimize time period Y5 it is necessary to
ensure fast and effective feedback infor-
mation for skyline operator, which will pro-
vide him with opportunity for more precise
carriage manipulation. That could be done
with camera on the carriage and monitor
on operator station.

5. Weak correlations between period
times and timber capacity show their in-
dependence of current timber load. These
results indicate that the time of one full
work cycle was not influenced by the load
volume.

6. In order to minimize time period Y9:
Nonworking time (covering spare and
delay time of workers) it is necessary to
improve planning of activities and inter-
nal organization of people. That will in-
crease the effective working time with the
skyline.

Conclusions

1. Average productivity of skyline
Koller K 300 in Ograzhden Mountain was
3.22 m3.h~" for 33 m load distance and 230
m transportation distance.

2. To increase the productivity, time pe-
riods Y3 (28 %), Y5 (21 %), Y9 (16 %) and
Y7 (13 %) should be minimized.
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Abstract

The present paper presents information on the species composition, features of distribution
and harmfulness of dendrotrophic pathogenic fungi, based on long-term observations on the
health status and diseases in different types of urban plantings in Moscow and some towns
of Moscow suburbs. The survey revealed more than 300 species of pathogenic fungi causing
various diseases on roots, trunks, branches, leaves and needles in more than 70 species of
coniferous and deciduous trees and shrubs, including a lot of introduced woody plants. Special
attention is given to the diseases decreasing durability, protective and aesthetic functions of urban

plantings.

Key words: fungi, diseases, woody plants, urban plantings, Moscow, Moscow suburbs,

Russia.

Introduction

Green plantings are an integral part of
urban planning structure and play an im-
portant role in improvement of the urban
environment. The green fund of Moscow
represents a set of green areas of differ-
ent type and purpose, including plantings
along streets and highways, plantings in
yards, squares, parkways, parks, gar-
dens, and territories of 39 amenity forests
within the city boundaries.

Development of green plantings of Mos-
cow and its suburbs proceeds under inten-
sive influence of adverse anthropogenic
and natural factors. By the end of the last

decade in connection with growing anthro-
pogenic influence on the status of city en-
vironment and deterioration of the ecologi-
cal situation in Moscow, an imminent need
arose for reestablishment and increase
of resistance, ornamental, sanitary-and-
hygienic and other diverse properties of
green areas of the city. Following an order
of the Moscow Government, a large-scale
work began in 1997 within the framework
of the general city program of monitoring
of the condition of green plantings in Mos-
cow (Mozolevskaya 1998, Yakubov 2001,
2005). Problems which were stated before
forest pathologists first of all, consisted in
estimation of the sanitary condition of ur-



98 G. Kolganikhina and E. Sokolova

ban plantings and the level of diseases and
pests. Forest and ornamental nurseries
were also surveyed, from which the plant-
ing material was delivered to Moscow and
Moscow suburbs. The study period cov-
ered 10 years.

The paper presents basic results of
studying species composition of phyto-
pathogenic fungi and their role in worsen-
ing the urban plantings condition and de-
crease of their ornamental properties.

Material and Methods

Field studies were carried out with the
use of methods of forest pathological in-
spections developed by the Department
of ecology and protection of forest of
the Moscow State Forest University
(Mozolevskaya et al. 1984, Vorontsov et
al. 1991). The sanitary condition of plant-
ings and the level of diseases were es-
timated in the sample areas established
in different types of urban plantings in
Moscow and some towns of Moscow sub-
urbs, including Mytischy and Korolev. At
the same time samples of affected parts
of plants were selected for investigation in
laboratory conditions. Studying of species
composition of fungi was carried out also
on routes. The Russian and foreign litera-
ture was used for identification of species
of fungi.

Results and Discussion

As a result of long-term observation of dif-
ferent urban plantings types in Moscow
and some towns of Moscow suburbs
more than 500 species of dendrotrophic
fungi were identified, from which 327

species were pathogenic fungi caus-
ing various diseases of roots, trunks,
branches, leaves and needles in more
than 70 species of coniferous and broad-
leaved trees and shrubs (Sokolova et al.
2006, Kolganikhina and Sokolova 2009,
Sokolova and Kolganikhina 2009). Among
them there was a group of the most ac-
tive pathogens, causing essential harm to
woody plants, which deserved special at-
tention.

The most widespread diseases of
leaves in urban plantings were powdery
mildews, leaf spots and leaf rusts. Oak
(Quercus robur L., pathogen Micros-
phaera alphitoides Griffon et Maubl.),
maple (Acer platanoides L. and A. ginnala
Maxim., affected mainly by Sawadaea tu-
lasnei (Fuck.) Homma; A. negundo L. and
A. tataricum L., affected mainly by Sawa-
daea bicornis (Wallr.:Fr.) Miyabe), and
birch (Betula pendula Roth., pathogen
Phyllactinia guttata (Wallr.:Fr.) Lév.) were
the species most strongly affected by
powdery mildews. The powdery mildew of
horse-chestnut (Aesculus hippocastanum
L.) caused by Uncinuella flexuosa (Peck.)
U. Braun was found to a great extent in
some plantings. Some shrub species
were also strongly affected by powdery
mildew: Caragana arborescens Lam. — by
Microsphaera palczewskii Jacz., Berberis
vulgaris L. — by Microsphaera berberidis
(DC) Lév., Lonicera tatarica L. — by Micros-
phaera lonicerae (DC) Wint. and also spe-
cies of rose (Rosa L.) — by Sphaerotheca
pannosa (Wallr. ex Fr.) Lév. var. rosae
Woronich. The listed species of woody
plants were affected by powdery mildews
each year.. Foliage diseases resulted to
a great extent in almost full or sometimes
full loss of ornamental properties of trees
and shrubs and decrease of their protec-
tive functions.
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Leaf spot agents as Discula umbrinella
(Berk. ex Broome) Sutton affecting Lime
and Oak, Discula betulina (Westend.) Arx
affecting Birch, Phyllosticta sphaeropsoi-
dea Ellis et Evern. affecting Horse-chest-
nut are widespread in plantings in Mos-
cow and Moscow suburbs. In some years
Marssonina populi Sacc. and Septoria
populi Desm. developed massively on the
leaves of poplars. Dothidella ulmi (Duv.)
Wint. was also found to a great extent on
the leaves of elms (mainly Ulmus laevis
Pall. and U. pumilaL.)in certain years. The
leaf spot of maple (mainly A. platanoides)
caused by Rhytisma acerinum Fr. was of-
ten observed on young plants in amenity
forests and plantings in yards. The follow-
ing leaf spot agents were widely spread
on shrub species: Sphaceloma symphori-
carpi Barrus. ex Horsfall. affecting Sym-
phoricarpos albus (L.) Blake, Marssonina
rosae (Lib.) Died. affecting roses, Phyl-
losticta michailowskoensis Elenk. affect-
ing species of hawthorn (Crataegus L.).
Some diseases of this category resulted
in premature defoliation which entailed
partial or full loss of ornamental properties
and resulted in weakening of plants. So,
for example, during mass development of
leaf spots on Poplar, Oak and Birch the
trees lost up to 50% of foliage already in
the middle of the summer and that result-
ed not only in full loss of their ornamental
properties, but also in decrease of their
protective functions.

The leaf rust on Poplar (mainly Popu-
lus nigra L. and P. balsamifera L.) caused
by Melampsora larici-populina Kleb. and
M. allii-populina Kleb. was recorded yeach
year in the plantings in Moscow and its
suburbs. Sometimes the leaf rust on Birch
caused by Melampsoridium betulinum
Kleb. was observed to a great extent. The
leaf rust of Caragana arborescens caused

by Uromyces laburni (DC) Otth. and on
the Rose species (especially on R. canina
L.) caused by Phragmidium mucronatum
(Pers.:Pers.) Schlech. periodically devel-
oped quite strongly in some plantings. In
the years of mass development these dis-
eases resulted in premature defoliation,
decrease of ornamental properties and
weakening of plants.

Diseases of needles were mostly
spread and had the greatest importance
for young plants in various categories of
urban plantings. Lophodermium needle
cast caused by Lophodermium pinastri
Chev., which frequently serves as the in-
dicator of weakening of plants, is the most
widespread disease on needles of differ-
ent pine species.

For the last 20 years agents of danger-
ous diseases in needles not found before
have been registered in the Moscow re-
gion: Cyclaneusma minus (Butin) Di Cos-
mo, Peredo & Minter, Dothistroma sept-
ospora (Dorog.) Morelet and Brunchorstia
pinea (Karst.) H6hn. Currently these path-
ogenic species do not have wide distribu-
tion in the Moscow region. They were re-
corded, basically, in some private posses-
sion, while the level of their development
is low. However, all they possess potential
danger to plantings of Moscow.

In urban plantings and in private pos-
session C. minus, causing needle yellow-
ing of pine (Cyclaneusma needle cast of
pine) has been found quite often on a few
species of pine, including Pinus mugo
Turra, P. sibirica Du Tour and P. nigra
Arn. It is known that it occurs worldwide
and affects more than 10 pine species.
C. minus is characterized by high para-
sitic activity and affects needles of the
trees, which do not have signs of weak-
ening. The disease development results
to a great extent in thinning the crowns,
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weakening of trees and decreasing their
ornamental properties.

Now Dothistroma septospora, causing
needle red spot of pine (Dothistroma pine
needle blight or red band needle blight),
is registered in many countries of Europe
and America, in some countries of South-
east Asia and Africa, and in Australia.
On the territory of the former USSR this
disease was reported from Georgia and
Kazakhstan. This fungus affects many
pine species, including P. sylvestris L., P.
pallasiana D. Don and others. In the Mos-
cow region it was found on needles of P,
nigra. D. septospora is characterized by
high parasitic activity and it is the reason
of premature needle dieback and defolia-
tion. The disease results in mass weaken-
ing of young plants and decrease of their
ornamental properties, and less often de-
stroys them.

Gremmeniella shoot canker caused by
Gremmeniella abietina (Lagerb.) M. More-
let (anamorph: Brunchorstia pinea (Karst.)
Hohn.) can affect species of pine, spruce
(Picea A. Dietr.), fir (Abies Mill.) and larch
(Larix Mill.). It is known from the Scandi-
navian countries and Baltic States. On
the territory of Russia it was registered on
Kola Peninsula and in the Volga region.
Once this fungus was mass recorded on
Pinus sibirica in one of nurseries in the
Moscow region. The anamorph stage
(Brunchorstia pinea) was recorded only
on needles (not on shoots) of Pinus syl-
vestris in Moscow and Moscow suburbs.

Needles of different spruce species
are frequently affected by Lophodermium
needle cast caused by Lirula macrospo-
rum (R. Hartig) Darker. Recently the Rhi-
sosphaera needle cast caused by Rhiso-
sphaera kalkhofii Bubak. developed quite
strongly on Picea pungens Engelm. and
Pseudotsuga menziesii (Mirb.) Franco

in some places in Moscow and Moscow
suburbs.

Lophodermium needle cast of junipers
(Juniperus L.) caused by Lophodermi-
um juniperinum (Fr.) de Not occurs very
frequently on different juniper species.
Pestalotiopsis funerea (Desm.) Steyaert
often develops on needles and branches
of the species (including J. sabina L., J.
virginiana L.) and thuja (Thuja occidenta-
lis L.). More often this fungus affects the
plants injured by frosts or predisposed to
disease due to growing in adverse condi-
tions.

Diseases of branches, trunks and roots
are the most important group of diseases
of woody plants in the city plantings. The
Dutch elm disease caused by Ophios-
toma ulmi (Buissm.) Nannf. occurs in all
areas of Moscow and towns of Moscow
suburbs. It affects different species of elm,
including Ulmus laevis, U. glabra Huds.,
U. pumila. For the last 20 years this dis-
ease has resulted in disappearance of the
whole plantations of this tree species. The
increase of hotbeds of the Dutch elm dis-
ease in the sharp form has recently been
observed.

Among dieback diseases, many of
which are dieback and canker, Cytospora
diebacks are widespread on different de-
ciduous tree species, especially on Pop-
lar, caused by Cytospora chrysosperma
(Pers.) Fr. and C. leucostoma (Pers.)
Sacc. and also on Lime, Mountain ash
(Sorbus L.) and Hawthorn, caused by C.
leucosperma (Pers.) Fr. The disease was
frequently recorded on linden and poplar
growing in adverse conditions.

Nectria (Tubercularia) canker and
dieback caused by Nectria cinnabarina
(Tode: Fr.) Fr. (anamorph: Tubercularia
vulgaris Tode) occured in many decidu-
ous tree species. In Moscow it represents
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the greatest danger for young plantings,
especially horse-chestnut, mountain ash
and linden. Colpoma dieback caused by
Colpoma quercina (Pers.) Wallr. and Vuil-
leminia decay caused by Vuilleminia com-
medens Maire resulted in weakening of
plants in young plantings of oak in some
places of Moscow.

Among dieback diseases of conifer-
ous tree species it is necessary to men-
tion Sphaeropsis sapinea (Fr.) Dyko & B.
Sutton. This pathogen develops not only
on branches but also on needles of pine.

Thyrostroma canker and dieback
caused by Thyrostroma compactum
(Sacc.) Hohn. affected different species
of Lime and EIm (especially strongly Tilia
cordata Mill. and Ulmus pumila) in Mos-
cow. The fungus was registered for the
first time in 1976 in the Moscow Region
on the branches of a Lime tree. For the
next 10 years it was found in different re-
gions of the country in natural and urban
plantings.

In plantings of Moscow and Moscow
suburbs the disease was registered at
the beginning of 1980s. From the middle
of 1980s till now it has been spread in all
categories of plantings of Moscow and
has caused mass weakening, decrease
of ornamental properties and dieback of
Lime trees. Therefore, mass cuttings of
Lime were carried out, especially along
highways, and also in the street and yard
plantings. All this resulted in reconstruc-
tion of some part of plantings in Moscow.
Though the disease was registered in
different types of urban plantings, in the
most polluted environmental conditions
(along large highways) the fungal stroma
did not develop, but under favorable con-
ditions the signs of the disease were re-
vealed more precisely. This was probably
due to the fungicide action of environmen-

tal pollutants. The disease affects different
age trees of Lime, including nurseries. In
the stands of amenity forests the disease
affected both adult trees and understory.

Perennial Neonectria canker of decid-
uous tree species caused by Neonectria
galligena (Bres.) Rossman & Samuels
frequently occured in different categories
of urban plantations. Most frequently it af-
fects Lime, Maple and Ash. Black Hypoxy-
lon canker of Aspen and Poplar caused by
Hypoxylon mammatum (Wahl.) J.H. Miller
occurred seldom; more frequently it devel-
oped on Populus alba L. and P. tremula
L. Black Botryosphaeria canker of apple-
tree (Malus domestica Borkh.) caused by
Botryosphaeria obtusa (Schwein.) Shoe-
maker (anamorph: Sphaeropsis malorum
Berk.) represents danger to old apple-tree
plantings. Quite often the agent caus-
ing this disease and that of Cytospora
dieback, caused by Cytospora schulzeri
Sacc. & P. Syd. developed simultaneously
on the large skeletal branches and trunks
of apple-trees.

The pitch blister rust canker affecting
trunks of Pinus sylvestris caused by Cron-
artium flaccidum (Alb. et Schwein.) Wint.
was widely spread. It occurred both in
amenity forest, and on planted trees and
shrubs territories of the city, with some
remnants of old trees from previous plant-
ings. Stem rust of pine caused by Cron-
artium ribicola Dietr. affected trunks and
branches of P. sibirica and P. strobus L.,
which are sometimes used in plantations
near offices.

Among the agents of root rots Hetero-
basidion annosum (Fr.: Fr.) Bref., Armil-
laria species complex (A. mellea (Vahl.:
Fr.) Kummer is the type species), were
particularly frequently recorded in the
coniferous plantations, and Phaeolus
schweinitzii (Fr.: Fr.) Pat. occurred in the
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stands of amenity forests. The Armillaria
species complex, Phaeolus schweinit-
zii and Ganoderma applanatum (Pers.)
Pat. were most frequently recorded in the
street plantings and in other parts of the
city. In different categories of plantings
Armillaria species complex affected trees
preliminary weakened by various factors
of technogenic nature.

Of the agents of trunk rots in coniferous
tree species the fungi Phellinus pini (Thore
ex Fr.) Pil., Ph. chrysoloma (Fr.) Donk, On-
nia triqueter (Lentz.: Fr.) Imaz. Per S. lto
were widely spread in the stands of ame-
nity forests. The most frequent there were
Phellinus igniarius (L. et Fr.) Quel., Fomes
fomentarius (L.) Will., Polyporus squamo-
sus (Huds.ex F.) Fr., Laetiporus sulphure-
us (Bull.: Fr.) Murrill, Pholiota adipose Fr.,
Bjerkandera adusta (Willd.: Fr.) P. Karst.,
Chondrostereum purpureum (Fr.) Pouz.
and others, attacking deciduous tree spe-
cies in all types of green plantings.

Root and trunk decays represent the
greatest danger for street and yard plant-
ings, squares, parkways and other plant-
ed trees and shrubs territories of city.
These diseases cause windfall and wind-
break with squally and gale-force winds
and therefore represent danger to people,
buildings and constructions.

Conclusions

The study demonstrated that fungal dis-
eases are one of the most important fac-
tors lowering durability, protective and
aesthetic functions of urban plantings.
Infectious diseases penetrate into
plantings in Moscow and Moscow suburbs
with the planting material from the Russian
and foreign forest and ornamental nurser-

ies. First of all, the following factors con-
tribute to the wide circulation of infectious
diseases agents in urban plantings: the
insufficient control over the planting mate-
rial imported from other regions of Russia,
local nurseries and from abroad; absence
of appropriate conditions of keeping of the
planting material in nurseries, violation
of the regulations while transporting and
planting, which results in worsening of plant
conditions and decreasing of their disease
resistance; discrepancy in climate types to
growing conditions; delayed destruction of
sources of infection; influence of the urban
environment.
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Abstract

Forest quality and growth sustainability can be influenced by many risk factors throughout
the development process: human activity, environmental conditions change, the effects of global
warming, water and soil pollution, forest pests and diseases, proliferation, wild animal damage.
Ensuring the safety and quality of forest stands of timber approach to consumers needs methods
to predict and identify potential risks and determine their potential impact. Real situation calls for
new studies in detecting weaknesses and errors in the control and management system for all
forest development stages of the technological process. His main objective to explore the food
industry HACCP systems proved their worth of applications in the private forestry with the aim to

provide customers with stable and high-quality timber resources.

Key words: private forestry, risk analysis, state forestry services.

Introduction

Forests and forest management in general
is not only organic, but also environmental,
economic and social system. Therefore, to
make this complex system work appropri-
ately, the work of one or more sub-satisfac-
tory systems is insufficient.

Good illustration will serve a freshly cut
tree. Tree skidders can start right away,
but it will be difficult. The problems in the
skidding are the great branches that had
not been cut. Sometimes in this point the
skidding process could be stopped. This
is the critical point.

In this point we should look at these
branches that could also be called critical
control points, otherwise they will disturb
the manufacturing process.

Forest growth, development and sus-
tainability are influenced by many risk fac-
tors throughout the development process.
The main among them might be:

— Political situation in the country.

— Economic situation in the country.

— Environmental situation in the country.
— Population intellectual level.

— Environmental conditions change.

— Global warming or cooling.

— Water and soil pollution.

— Forest pests and diseases, prolifera-
tion.

— Wildlife damage.

To guarantee the safety of forest growth
and wood quality approach to customers,
methods to predict and identify potential
risks and determine their potential impact
are necessary.
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The real situation requires filling in the
new research gaps and improving the un-
used opening moments existing concern-
ing control and management system for
all forest development process stages.
The main tasks put forward are to explore
the possible use of HACCP systems in
the private forestry with the aim to provide
consumers with stable and high-quality
timber resources.

Materials and Methods

At the beginning of the study, first, it was
necessary to survey more literature on
risk control and management system
(HACCP) techniques in the food industry
(Avsjukovs et al. 2004, Blija 2005, Flynn
2000, Food ...1998); second, the follow-
ing issues can be considered in outlining
the HACCP system, as forest biological
diversity, stability and quality; third, devel-
oped by CP (critical point) structure iden-
tification of options, with further clarifica-
tion, substantiation and implementation of
forest sustainability in all aspects account
for the further study of key content.

HACCP stands for Hazard Analysis
Critical Control Point, the critical point
(phase) identification and management of
the whole process (Blija 2005).

HACCP is a tool that allows the com-
pany, institution or process management
to apply more structural approach to risk
causes and better control than is pos-
sible with traditional inspection and quality
control procedures (Kaktin$ and Arhipova
2002, 2003, 2005a, 2005b). It is potentially
able to identify the product, process or sys-
tem process during which so far no failure
was experienced and is, therefore, espe-
cially useful for emerging technologies.

To start using the HACCP based sys-
tems it is necessary first to carry out risk
assessment of forest management and
monitoring process.

Risk assessment (Food ... 1998) is
a process in which the risk of probable
causes and their possible effects on the
forest management process is evaluated
(Kaktins et al. 2007) in general. It is nec-
essary to eliminate the two important fac-
tors related to risk assessment:

— Risk likelihood or probability of cau-
sation.

— The consequences if it is realized.

Risk assessment is carried out by
analytical work. It includes both quantita-
tive and qualitative risk assessment. Risk
assessment can be described in legisla-
tion (Meza politika 1998, LR Meza likums
2000), administrative system, education
of forest owners, property size, economic
opportunities for forest management, for-
est access, technology used, etc., and to
include information available and literature
research, and consultations with experts
in the field (Meza enciklopédija 2003).

The traditional evaluation model consists
of the cause of risk identification, character-
ization, practical expressions of evaluation
and characterization (Food ... 1998).

There is a very sophisticated risk as-
sessment scale. Of these appearing in
the literature, the simplest is one that de-
scribed the risk assessment scale and
quantified risk assessment for each con-

sidered point.

Using Risk Analysis

The identification of critical control points
(CCP’s) can also be done by using the
risk analysis and the obtained risk catego-
ries (Table 1). For example:
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Table 1. The scale of risk assessment.

— Monitoring — Law and
legislation underlying law

high 4 5 6 7 enforcement and compli-
real 3 4 5 6 ance monitoring of all the
small 5 3 4 5 forestgwners. i .
— Owner — ic an
Probability very 1 2 3 4 ivat fe tpu c art
small private forest property
N ) very management, ensuring
very limited| moderate |serious : .
serious the values of conservation,
Effect enhancement and income

Source: Neyts et al. 2000.

Risk category 1 — no additional meas-
ures or controls required;

Risk category 2 and 3 — control points;

Risk category 4 and more — CCP.

Results and Discussion

Study was designed to assess the exist-
ing private forestry management system
analysis and critical control point detec-
tion capabilities.

Forest Policy

Forest sector development affects the last
15 years, due to the international forest
management concepts change. The con-
cepts were reviewed in the light of existing
forest policy aimed to ensure sustainable
forest management and balance of the
forest ecological, economic, and social
functions (Kaktin$ and Arhipova 2005a).

To ensure sustainable forest manage-
ment in line with international commit-
ments, a new forest policy was developed
(Salins 2003, Kaktins and Arhipova 2005b).

Potential risk management system for
forest policy specifies four basic functions:

— Legislative — forest policy formulation
and realization of the legal drafting.

state, and both private and
public forest owners ac-
cepted the ecological and
social functions.

— Support activities — activities carried
out by the country with their own bodies
and (or) funding to ensure sustainable for-
est functions in the stabilization and pri-
vate sector development.

Implementing Forest Policy

Assessing forest policy, we can mark the
strengths and weaknesses.

The strengths of:

— using climatically, geographically and
traditionally long period of accumulated
knowledge and skills in the country to built
up favorable conditions for forestry;

— high quality, diversified and renew-
able forest resources can provide the
processing plant operations, thus giving
a major contribution to the employment
problems of the countryside;

— forest sector established that is able
to maintain stability of its products in inter-
national markets;

— characterized by certain functions
between the industry’s leading institu-
tions, nongovernmental organizations and
stakeholders;

— operators of private forest owner con-
scious of accumulated great knowledge of
forest cultivation, restoration and use of a
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deep understanding of forest ecological,
social and economic importance;

— industry bodies, leading companies
and forest managers conscious part have
mastered a foreign frontier forest resto-
ration, forest production, processing and
distribution technologies.

The implementation could face some
weaknesses, which increases the poten-
tial risk of triggering the forest sector:

— lack of long-term development strat-
egy objectives;

— forest sector imbalances - insuf-
ficient industrial capacity of low-quality
wood and wood residues for recycling;

— small- and medium-sized enterprises
and low competitiveness of the large ones;

— a large number of owners who oper-
ate small forest property (land);

— insufficient level of public aware-
ness about the forest sector and its pro-
cesses;

— insufficient funding and support for
education and research, ensuring the
competitiveness of the forest sector;

— ineffectively addressed issues con-
cerning the use of wood waste in the
economy, ensuring national energy inde-
pendence and saving energy from other
sources.

The Legal Basis Regulating Forest
Management

Since independence the Latvian leg-
islation system changed three times,
which is reflected in the existing laws
and their underlying laws and regula-
tions established pursuant to 1998.
Cabinet accepted regulations on forest
policy.

Forest laws postulate what could be
done in the forest, and determine what
could be the human activity there.

Implementing Legal Acts Regulating
Forest Management in Practice

The strengths of:

1st Creating of modern nurseries produc-
ing container plants not only in the Baltic
countries, but throughout Eastern Europe.

2n Step consists of restoring private
forest property.

3" Reduction of illegal forest cutting
and theft.

Weaknesses, which increases the po-
tential risk of triggering options in the for-
est sector:

1t A number of private forest owners
are not interested.

2 State forest Service, authorized by
the state to monitor the private forest func-
tions, did not allocate sufficient funds for
this purpose.

3" The issue of compensation to the
forest and forest land owners whose land
is located in protected natural areas, in
which the force is operating ban, was not
resolved.

4" there is a compromise between pri-
vate forest owners economic objectives
on the one hand and conservation objec-
tives on the other.

50 There are several over-protected
natural objects.

6" The issue of protection of private
forest from wildlife damages is not com-
pletely solved.

7" Absence of a forest owner or man-
ager of a single logistics system.

8" No measures were developed for
fire regulations to prevent abuses of pri-
vate woods and forests in the vicinity.

Institutions of the Forest Industry

One of the fundamental principles of the
economic sector is the institutional struc-
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ture of the selective stability of the sec-
tor confidence in the future. One of still
remaining problems is the fragile state of
Latvian products. Instability, which ham-
pers the forest sector growth, strengthens
the National Forest Service reforms.

Establishment shortening in terms of
forest workers indicates:

15t Now the area under each forester or
forestry is the care for, is so hugely popu-
lar that the lack of transport it is impos-
sible to manage and control.

27 Still not thoughtfully organized leg-
islative action. Sticking to the roll arrange-
ments are needed, but also provided within
the framework of this policy is probably

Table 2. Exposure assessment of risk in values.

All these facts convincingly prove that
the reform of National Forest Service that
induced rearrangement of instrumentation
could be a very serious CP.

Planning Forest Management

National Forest Service requests made
of forest management — Inventory plans.
They provide control capabilities for ratio-
nal management of forests, environmen-
tal protection and sustainable use. This is
not satisfied concerning much of the for-
est owners.

From all the above-analyzed set up a
risk assessment table.

From the Table 2 we
see that it is possible
to impartially determine

i . the analysis process the
No | Hazard identification Risk assess- | ¢cp e analysis p :
ment critical control points.
_ Consequently, an op-
1 Forest policy 6 CCP .
portunity and a real
2 | Implementing forest policy 3. ccp need at critical control
points to take corrective
3 The legal basis regulating forest 6 CCP action, process or sys-
management .
tem performance drasti-
Implementing legal acts regulat- cally improve.
4 ing forest management in prac- 4. CCP Consequently, it has
tice proved a critical control
5 Institutions of the forest industry 3. CCP pomt of _the me_thOd be-
ing applied. This opens
6 | Planning forest management 3. CCP up great opportunities

better to arrange the adoption of laws or
amendments to laws. If the reforms would
be deliberative, it would mean that they
withstand the test of time. However, they
followed after one another, but no improve-
ment was achieved.

3 Uncertainty about the sector also
relies on industry specialists, so competi-
tion in the sector declined.

for further research.

Conclusions

HACCP forest owners and managers,
enabling more educated, more detailed
and perceived risk causes than is possi-
ble with traditional quality control inspec-
tion procedures.
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Using the HACCP system, control is
transferred from the sole control of the final
product to the entire process as a whole.

HACCP helps to describe the sys-
tematic nature of data and methodology,
which is guaranteed in the process of real-
izing security.

To successfully implementation of HAC-
CP systems by the forest holdings requires
mobilization of resources for specific tasks.

HACCP, analysis of data collected
makes it possible for forest owners and
lessees to take economically sound deci-
sions and develop policies that ensure eq-
uity holders and other consumer security
with high quality timber while maintaining
forest sustainability.

HACCP implementation can be effec-
tive in the private forest owners’ associa-
tions, because small forest owners to en-
gage their unambiguous.

HACCP introduction of the National For-
est sector could be effective and feasible.

Private forestry can use some of
HACCP principles, and not the entire
system as a whole.

Real situation calls for new studies in
detecting weaknesses and errors in the
control and management system for all
forest development stages of the techno-
logical process.
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Abstract

Fragments of a scull and lower jaws of Nutria were found near river Maritsa, close to Harmanli
town. There are suitable habitats for this species in the area, overgrown with reed and rush near
the bank and the islands in the river. The location lies at about 50 km on a straight line from the
nearest one known on river Maritsa in Turkey, and at about 35 km from another one in Bulgaria
and probably results from invasion of the Nutria along the river.

Key words: Myocastor coypus, Bulgaria.

Nutria is a South American species
introduced in Bulgaria in lake Mandren-
sko and Arkutino Natural Reserve, at the
Southern Black Sea Coast in 1953 (Pe-
shev et al. 2004). Inland, it was reported
only from river Maritsa, near the city of
Plovdiv (Popov 2003), and from river Sal-
zliyka, at the drainage basin of river Mar-
itsa near Radnevo town (Myhajlov, Stoya-
nov 2001).

The fragments of a scull and lower
jaws were found near the den of a Red
Fox (Vulpes vulpes (Linnaeus, 1758)) N
41° 56°, E 25° 56" on 18.02.2012, of 350
m on a straight line from the bank of river
Maritsa, near Harmanli town. They were
discovered by a hound dog which fol-
lowed the bloody trail of the fight between
the animals. The material was deter-
mined and measured up according to the
detailed reports by Peshev et al. (2004)
(Table 1). The sample was registered un-

der No RM-1040 at the National Natural
Science Museum in Sofia. All distances
are measured using the Garmin eTrex
Legend Global Positioning System and
the program MapSource, Version 6.11.6
(Garmin Ltd.).

In the area of study, there are stretch-
es overgrown with reed and rush along
the bank and in the islands in the river.
The adjoining territories are mainly ar-
able lands. These habitats correspond to
those described as suitable for the spe-
cies by Ozkan (1999) and Peshev et al.
(2004). That is why we assume that it is
possible for Nutria to reproduce in this re-
gion. The species occurs along the rivers
Tundzha, Arda and Maritsa in Northwest
Turkey (Ozkan, Kurtonur 1994, Ozkan
1999) and in North Greece (Carter 2002).
Also, there is this species in Aras river
from Northeast Turkey (iliker et al. 2009).
The new location lies at about 50 km on
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Table 1. Skull and mandible measurements of Nutria Myocastor coypus,
the Maritsa River, SE Bulgaria.

No Skull measurement Dimensions, mm
1 Length of upper diastema DL 30.08
2| coronarylength of P*-M> LeP* - m° 30.4
3 Coronary length of P, -M 5 LcP , - M, 32.96
4 Length of the lower diastema LDL 21.66

Length of the foramina incisivi IFL 13.43
6 Width of the foramina incisivi IFW 217
7 Coronary length of | -M Lel; -M4 65.11
8 | Coronarylengthof I' -M> Let' -M° 67.01
9 Length of lower first molar LM 6.55
10 Length of lower second molar LM ,, 8.72
11 Length of lower third molar LM 4 11.6
12 Length of first upper molar LM : 6.55
13 length of second upper molar LM 2 9.19
14 length of third upper molar LM 3 9.75
15 width of first upper molar WM ! 6.65
16 width of first lower molar WM 5.99
17 width of second upper molar WM 2 7.95
18 width of second lower molar WM ,, 7.35
19 width of third upper molar WM 3 8.02
20 width of third lower molar WM 4 8.12

a straight line from the closest one known  Acknowledgements

on river Maritsa in Turkey and at about 35

km from the one on river Salzliyka (Mar- We are greatly thankful to B. Milchev for
itsa drainage basin) in Bulgaria. It prob-  his advises on the field work and manu-
ably results from invasion of the Nutria  script preparation.

along river Maritsa.



112 G. Gruychev

References

CARTER J., LEONARD B.P. 2002. A review of
the literature on the worldwide distribution,
spread of, and efforts to eradicate the coypu
(Myocastor coypus). Wildlife Society Bulletin
30 (1): 162-175.

iLker, A., ARrsLAN, A., PamukosLu, N.,
ALBAYRAK, I. 2009. C-Banded karyotype of
Myocastor coypus (Molina, 1782) from Turkey
(Mammali: Rodentia). Folia Biol. (Krakéw) 57:
33-36.

MvyanasLov H., Stovanov S. 2001. Hunting
birds and mammals in Bulgaria. Pensoft.
208 p. (In Bulgarian).

PesHev C., PesHev D., Popov V. 2004. Fauna
Bulgarica. Vol. 27 Mammalia, Sofia, BAS. 632
p. (In Bulgarian, English summary).

Porpov V., SepercHev A. 2003. The
mammals in Bulgaria. Vitosha, Sofia. 290 p.
(In Bulgarian).

Ozkan B., KurtonurR C. 1994. First record
of Myocastor coypus (Molina, 1782) (Rodentia:
Mammalia) from the European part of Turkey.
XII National Congress of Biology 6-8 July
1994 Odrin, Zoology Section 7: 273-275. (In
Turkish, English summary).

Ozkan B. 1999. Invasive coypus, Myocastor
coypus (Molina, 1782), in the European part of
Turkey. Israel Journal of Zoology 45: 289-291.



