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Forestry practice, science and education in Bulgaria have been developing ac-
cording to Bulgarian specific natural and social situation. Forestry is connected with 
the global policy of the state and its history and socio-economic development. It is 
influenced by the advanced European practices but it also reflects the regional spe-
cific characteristics. Forestry has its own stages of development and is related to 
the forest practice and science and with the organizational and personnel structure 
of the forestry sector.

Background information about the development of forestry education was pub-
lished on occasion of different anniversaries (Iliev et al. 1975, Nickolov et al. 1985, 
Kolarov and Brezin 1995, Panov 2000, Puchalev and Iliev 2000, Vuchovsky and 
Dimitrov 2003, Dimitrov et al. 2005, Milev et al. 2006). A comprehensive study 
of the whole Bulgarian forestry sector was done by V. Stoyanov (1968). For years 
higher forestry education has served as a basis of the overall forestry education 
and research, which is making progress today at the Faculty of Forestry (FF) in the 
University of Forestry (UF).

According to the Czech historian and Minister of Education of Bulgaria Konstan-
tin Jireček and earlier explorers, 80% of the territory of the Balkans was covered 
with vast and impenetrable forests. During the Middle Ages, mainly between the 
14th and the 19th century, most of these forests were destroyed. This was caused 
by their uprooting in order to get arable land, their burning to release pastures, the 
use of timber for construction, firewood and coal production, in mining industry, 
and in shipbuilding for the Ottoman navy. For quite a long time the forests were 
managed without any plan, knowledge or practical experience, and were addition-
ally damaged during the wars. They were regarded as a freely available renewable 
resource. Most of the broadleaved forests were cut and were managed as coppice 
forests. A large amount of wood was used in the reconstruction of towns, vil-
lages and economic life after the Liberation from Ottoman rule (1878). The eroded 
pastures were degrading in quality, stock breeding was in decline and the popula-
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tion was impoverished. Natural disasters occurred rather frequently. The destroyed 
mountain slopes generated occasional floods. Streets, houses, fields and roads 
were flooded with mud and stones and cattle and people were killed. This hap-
pened in Kyustendil, Kazanluk, Koprivshtitsa, Karlovo and many other towns at the 
end of the 19th century and the beginning of the 20th century.

With its specific climate and centuries-old historical development, Bulgaria has 
preserved woodlands covering more than one third of its entire territory. The 
climate influence is variable and is modified by the large mountains, especially 
by the Balkan Mountain Range. Three altitudinal zones are clearly defined: the 
lowermost zone of the oak forests, the medium zone of the beech and coniferous 
forests and the sub-alpine zone. The soils are also highly diverse. There are lots 
of distinct habitats and forest formations including numerous tree species. As a 
whole, the conditions are favourable for the development of forest vegetation. 
Most of the stands, however, have deteriorated due to over exploitation, and 
managed as coppice forests. The forestry data about the 1940s is quite indica-
tive: only 22% of the area was covered with high broadleaved forests, 10% with 
coniferous and 2% with mixed ones, whereas 65% was covered with coppice 
forests (Vuchovsky and Dimitrov 2003). These facts didn’t correspond to the 
natural potential but there was an acute shortage of forestry staff for professional 
forest management.

The Beginning of Forestry Education

A century ago Bulgaria’s forests turned out to be in very poor state but forest-
ers were scarce. Few of them had graduated from secondary and higher forestry 
schools abroad. Only ten of the forestry employees in 1894 had the necessary 
training. The first schools for forest-guards were opened in Borovets (1896) and 
in Velingrad (1911) (Stoyanov 1968, Kolev and Dimitrov 1996). The secondary 
forestry education started at the Technical school in Sofia, 1919. Among its gradu-
ates were the future professors T. Dimitrov, D. Stefanov, A. Biolchev, S. Hristov, 
I. Dobrinov, D. Velkov and M. Petrov. From 1950 to 1990 the training of forestry 
technicians was provided by four technical schools located in Velingrad, Bansko, 
Batak and Berkovitsa. Most of their graduates later studied in the university and are 
an important part of the forestry community.

Forestry science and education in Europe emerged more than two centuries 
ago. The basic forestry theories and practices were introduced in Bulgaria at the 
end of the 19th century mainly from the German, French and Russian schools. 
In connection with the natural disasters described, there was a growing interest 
in the European practices in flood control. Afforestation works were started by 
foresters trained in Germany, France, Austria, the Czech Republic, Russia and 
Croatia. Stefan Donchev (1855–1930) was the first Bulgarian with an university 
forestry degree, which was acquired in Croatia and Prussia. Stoyan Brunchev 
(1864–1940), who graduated forestry in Munich, is the first Bulgarian forester 
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to take up a higher government position. He has been credited as the Father of 
Bulgarian forestry.

Attracting foreign specialists to work in Bulgaria was a clever and necessary 
move. The Czech forester Julius Milde (1861–1942) started work as a deputy-
inspector in Sofia in 1890. He contributed to the establishment of Boris’s Garden 
and the afforestation near Sofia. He was the first principal of the Forestry school in 
Borovets and he founded the first state-owned forest nursery in Belovo (1900). The 
greatest authority then, however, was Felix Vogeli (1875–1941) who introduced 
the French practices in flood control. He opened the first Agency for Flood Control 
and Afforestation in Kazanluk in 1905 and he worked in Bulgaria until 1911. An-
other smart government move, made in 1904–05, was to send 5 young people to 
study in France. They graduated in the École Nationale des Eaux et Forêts in Nancy 
and played an important part in the development of Bulgarian forestry research and 
education. P. Mandzhukov, K. Hristov and T. Dimitrov succeeded each other in 
heading the Agency established by Vogeli. Later on, their experience was enriched 
in other flood areas of the country.

The Beginning of Higher Forestry Education

The first articles advocating the need of forestry university graduates were pub-
lished at the end of the 19th century. This campaign was a reaction of Bulgarian for-
esters against the destruction of forests. The purposeful action for the protection of 
Bulgarian forests and the demand for national engineering education became more 
prominent with the return of our forestry experts trained abroad and their appoint-
ment as foresters. The process of introducing higher forestry education was further 
stimulated by the Laws on Forests adopted at that time. The famous forester K. 
Baikushev (1867–1932), who graduated in Tarand (1889) published an article in 
“Svoboda” newspaper in 1892. It was followed by publications by St. Brunchev 
(1893), Gr. Grozev (1904) and Ts. Donchev (1910). Strong public support was of-
fered by lawyers, teachers, scientists and states people. In 1915 a state commis-
sion was set up with the task of exploring the possibility of opening an independent 
Forestry Faculty at the Sofia University. However, it did not achieve any positive 
result. In 1919–20 about 100 forestry university graduates were employed in the 
forestry sector. On the average, each of them was in charge for 30,000 ha of for-
ests, which was 6 or 7 times more than the amount in countries with advanced 
forestry (Stoyanov 1968). Obviously, the foreign training was not able to meet the 
needs of experts. In 1921 the establishment of Academy of Forestry was proposed 
and it was decided to open a Faculty of Forestry at Sofia University. The accom-
plishment of this idea was postponed once again. However, the issue was consid-
ered by the Society of Foresters, as well as by the then Ministry of Agriculture and 
State Property (MASP) and other forestry experts and nature conservationists.

As a result in 1923 the foundations of the Forestry education were laid down, 
when the Department of Specific Silviculture was opened within the Faculty of 
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Agronomy. Assoc. Prof. Todor Dimitrov 
was appointed as Head of the Depart-
ment. Later on, he became a Professor 
and Dean and was credited as the Father 
of our higher forestry education. All this 
was preparing the ground for opening 
of a Department of Forestry. Professor 
Yanaky Mollov played an important part 
in this respect, in his capacity of a Minis-
ter of Agriculture and State Property. He 
contacted the group commissioned by 
the Sofia University and made up of the 
Rector and the Deans of the Faculty of 
Physics and Mathematics and the Fac-
ulty of Agronomy. They were offered 
assistance in providing budget funds for 
equipment and teaching staff. At his or-
der, in February, 1925 a financial grant 
was given to the Department of Forestry 
and the Faculty of Agronomy. 

January 28, 1925 is considered to be 
the birthday of higher forestry education 
in Bulgaria, since on this day the Academ-
ic Council of Sofia University took a deci-
sion to open a Department of Silviculture 
at the Faculty of Agronomy and Forestry 
(FAF). Prof. Mollov made the following 
comment on this memorable event: “The 
year 1925 shall be remembered and it 

will be written in golden figures in the history of Bulgarian forestry because events of 
such capital importance seldom take place in the history of a nation”. 

Dimitar Hristov (1871–1944) was another Minister of Agriculture and State 
Property who had provided considerable support. Meeting the commitments, MASP 
notified the Rector of the Sofia University in a letter dated 30th December 1925 
that two training and experimental forest ranges had been allocated for the training 
needs of the students at the Department of Forestry. The first one was situated in 
the coniferous area of “Yundola” between Rila and the Rhodope Mountains and the 
second one, called “Petrohan” was situated in the beech forest area in the Balkan 
Range. The two training and experimental forest ranges today are well-established 
centres for practical training of the students at UF, as well as for research and 
recreation. D. Hristov’s daughter, Mrs Milka Danadjieva offered her support for 
forestry education donating the apartment inherited from her father, under the con-
dition that the rent received from it would be used for providing scholarships to the 
best students in forestry.

Prof. Todor Dimitrov – the first Head of 
Department of Specific Silviculture (1923), 

Dean of the Faculty of Agronomy and 
Forestry (1933–34).
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First Students and Lecturers 

The training of students at the new Department of Forestry started with the sum-
mer semester of 1925. Fifty candidates sat up for the entrance examination for 
the first year and twenty of them were admitted. The first year, students began to 
study on the basis of a temporary curriculum which was approved on 13th April, 
1925. A complete curriculum was approved on 7th May, 1927. It included 16 gen-
eral, 19 specialized and 8 optional subjects. 

The ceremony of granting degrees to the first ten graduate foresters was an im-
portant event (13th March, 1929). It was attended by the Rector Prof. D. Shishkov, 
the Academic Council of Sofia University, representatives of MASP, the Ministry 
of Education, the Society of Bulgarian Foresters and outstanding citizens of Sofia. 
A powerful speech was made by the Dean of FAF, Prof. Mollov. The degrees were 
awarded by the first Professor of Forestry, T. Dimitrov. He expressed his hopes that 
the young foresters would show “…competence, perseverance and honesty in their 
work and preserve the dignity of the forestry institution”.

The Department of Specific Silviculture was a foundation unit around which 
the activities of the entire Department of Silviculture were developed. One after 
another, the following specialized departments emerged: “Forest Management and 
Forest Inventory”, headed by Assoc. Prof. T. Ivanchev (1927); “Forest Use and 
Forest Technology”, headed by Assoc. Prof. V. Stoyanov (1930); “General Silvi-
culture”, headed by Assoc. Prof. M. Rouskov (1931). In 1940 one of the lecturers 
at that time, Iliya Mihailov, continued working in the University of Skopje. There 
he reached the academic rank of professor and became Head of the Department of 
Forest Management in the Faculty of Forestry.

Independent Faculties of Silviculture

In 1945, an ordinance-law was adopted for the establishment of a new state univer-
sity in Plovdiv, including a new Faculty of Agronomy and Forestry. The idea for the 
establishment of a single centre for training of foresters emerged soon after that. An 
Independent Faculty of Silviculture at Sofia University was established in compliance 
with the Law on Higher Education from 1947. The faculty existed only one year. 

The Faculties of Agronomy, Forestry, Veterinary Medicine and Zootechnics were 
separated from the University of Sofia in 1948. These faculties formed the basis of 
a new higher educational establishment – the Academy of Agriculture with a seat 
in Sofia. On the following year the Faculty of Silviculture was reorganized into a 
Faculty of Forestry with two departments, and two years later the total number the 
departments became four: Department of Forestry; Department of Forest Industry; 
Department of Forest Use and Transport and Department of Urban Afforestation. 
Thus, the foundations were laid for the establishment of an independent higher 
school for training staff in the fields of forestry, forest industry and urban landscape 
design.
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Independent Higher Educational Establishment

In 1953 the Agricultural Academy was replaced by three independent educational 
establishments and one of them the Higher Institute of Forestry (HIF). The major 
of “Silviculture” was renamed into “Forestry”. The institute was provided with an 
independent main building. In the autumn of 1955, the foundations of the Institute 
Park and botanical garden were laid, as suggested by Acad. B. Stefanov. The university 
training was in the field of five specialties including Forestry and Forest Engineering. 
During the period between 1925 and 1953 the total number of students admitted was 
1583. There were 1014 successful graduates holding a degree in Forestry. 

In 1974 two faculties were set up in HIF. The specialty of Forestry belonged to 
the Faculty of Forestry and Landscape Design (FFLD). Prof. Ivan Dobrinov was as 
the first Dean of this faculty. 

After 1979 another educational reform was took place. A three-stage structure 
of professional training was introduced. The first educational stage covered widely-
based general training, the second stage covered special subjects, and during the 
third stage students studied highly specialized subjects. Then new curricula were 
designed which even now form the basis of students’ training in forestry.

University Stage

On 27th July, 1995, HIF was given a status of a university by the Parliament of 
Bulgaria. The celebration of this event was combined with the opening ceremony 
of the new training and laboratory building. 

The University of Forestry is the only higher educational establishment training 
forestry engineers and specialists in woodworking and furniture production, and in 
engineering design. It also trains students of Ecology and environmental protection, 
Business management, Landscape architecture, Veterinary medicine and Agrono-
my. The training is conducted in three stages – the first and second qualification 
degrees of Bachelor of Science and Master of Science and the academic degree of 
Doctor of Philosophy.

In 1999 the National Evaluation and Accreditation Agency (NEAA) granted UF 
institutional accreditation and the right to train students in the three educational 
stages. The UF was granted a second positive institutional accreditation in 2006. 
In May 2007 NEAA finalized the program accreditation for the professional training 
in Forestry, giving it the highest mark and the right to train PhD students.

Training Description 

Higher forestry training all over the world is commonly divided into three stages: 
Bachelor, Master and PhD. A reform to this effect was carried out in 1997. Since 
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2002 the term of study for the Bachelor Degree has been reduced from 9 to 8 se-
mesters, and for the Master Degree course 3 semesters have been planned. The 
academic year is divided into two semesters with 15 study weeks each. All curricula, 
irrespectively of the period they refer to, have been coordinated with the forestry 
administration, which is the main employer of forestry staff. Since the academic year 
2004/05, training has been provided in compulsory, elective and optional subjects. 
Credits have been introduced according to the European Credit Transfer System 
(ECTS). In addition to their degrees, the graduates will be given supplements in 
English, giving full account of the training received. The training and professional 
fulfillment of the two degrees of Bachelor and Master are quite independent.

The Bachelor of Science Degree

By tradition and in accordance with the engineering profile of the Forestry, the 
entrance exam is in mathematics. The Bachelor Degree aims at giving a general 
idea of the specialty by means of a comprehensive training in general, applied 
basic and applied specialized subjects. The engineers holding Bachelor’s degree in 
forestry can occupy positions below the rank of managers of forestry enterprises. 
The well-balanced, widely-based training is carried out in 7 clearly defined series of 
compulsory subjects:

1) about general comprehension of the natural environment and forest ecosys-
tems: Meteorology and climatology, Forest soil science, Phytocoenology, Ecology 
and environmental protection;

2) about flora recognition and establishment and management of forests and 
non-wood resources: Botany, Physiology of woody plants, Dendrology, Forest ge-
netics and tree breeding, Sylviculture, Forest plantations, Non-timber forest re-
sources;

3) about forest protection and safety: Forest phytopathology, Forest entomol-
ogy, Forest and nature conservation legislation, Erosion and flood control, Safety 
activities and protection of forests; 

4) about fauna recognition and management of freshwater aquacultures and 
game: Zoology, Fisheries, Wildlife management;

5) about the technologies and mechanisation of woodharvesting and other for-
estry activities: Mechanics and construction, Hauling machines, Mechanization of 
forestry activities, Forest roads, Forest transport, Technology and mechanization 
of logging; 

6) about the mensuration, inventory taking and management of forests: Geode-
sy, Forest mensuration, Photogrammetry and remote sensing, Forest management; 

7) about the economics, management and planning of forestry activities: For-
estry economics, Forestry organisation and planning.

Some of the stated series have been extended with elective subjects provid-
ing more specialized knowledge. These subjects include Mushroom and medici-
nal plants cultivation, Principles of agroforestry; Reclamation of land damaged by 



M. Milev, S. Yurukov, K. Lyubenov, and P. Zhelev148

coal-mining, Cynology, Wood and timber, Introduction to woodworking, Structure 
of protected forests and territories. Foreign language training is carried out in 4th 
semesters and may be continued in 5th semester. 

The optional units belong to different fields of study. They enable students, ac-
cording to their preferences, to extend their grounding in humanities and economics 
(Philosophy, General economic theory, Introduction into accounting, Latin). Other 
optional subjects give students a good grounding in modern telecommunications 
(Global telecommunication networks) and in modern methodology (Statistical meth-
ods and modeling).

The practical training is among its main assets and it has a long-standing tradi-
tion. In the 1930s, the senior students passed through a year-long training ending 
with an exam. The format of practical trainings has changed in the years. Today a 
skiing-course has been included and the applied subjects are combined with 8 prac-
tical courses lasting 9 weeks each. At the end of their course of study, students 
pass through a 6-week candidate engineer training, carried out in the respective for-
estry boards. Since the emergence of the specialty, the bulk of the students’ practi-
cal trainings have been conducted in the training and experimental forest ranges.

The Master of Science Degree

Since the introduction of the three-stage structure of training in 1997, the Master’s 
Degree programs have undergone some changes. Now the training is in three 
specializations. The final objective is to train highly qualified specialists by means 
of theoretical knowledge extension and specialized skills acquisition. Students are 
prepared to organize, manage, design, control and evaluate activities in the field 
of forestry, game and fish-farming management, forest use and environmental 
protection. The term of Master’s educhation is 3 semesters. The final semester is 
planned for thesis completion and defense. Intensive general training is provided 
in 5 compulsory units: Forest policy, Multifunctional forest management, Forestry 
and human resource management, Geographical information systems in forestry, 
Mathematical methods and models. Specialization is achieved in three main areas. 
On the basis of their specialization, students choose six elective (Table 1) and one 
optional subject. They have four practical courses and acquire skills in planning, 
designing, forest management and doing research. The total number of 12 studied 
subjects and 4 practical courses brings a minimum of 75 credits, 15 of which come 
from the thesis. 

The students choose one optional subject from other specializations or from fol-
lowing subject, proposed only as optional: Soil microbiology; Structure and manag-
ing of water tank for fishing; Agroforestry systems; Basics of scientific research.

The successful graduates are entitled to management positions within the struc-
tures of the Ministry of Agriculture and the Ministry of Environmental Protection 
and Waters. They can also teach at universities, can do scientific research and 
work at research institutes and in experimental seed-control and forestry ranges. 
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The exchange of lecturers between UF and universities in Germany, France, 
Switzerland, Austria, Slovakia, Greece, etc. has greatly contributed to the moderni-
zation of the teaching process. We have had a close relationship with the Technical 
University in Zvolen, Slovakia since the 1970s when a contract for mutual co-oper-
ation was signed. Dr. P. Zhelev had several research visits at the TU in Zvolen, as 
well as Prof. Iv. Mihov who introduced in Bulgaria Prof. Priesol’s distant methods. 
There have been an impressive number of short-term visits of lecturers and a stu-
dent exchange has been made. Among the professors who have visited Uf on an 
exchange basis are A. Priesol, Št. Šchmelko, L. Šmelkova, M. Šuška, Kl. Hubač, M. 
Hladik, L. Paule, K. Gubka, I. Lukačik, etc. In token of our fruitful co-operation with 
the TU in Zvolen, our Prof. Geno Donchev was awarded the honorary degree Doc-
tor Honoris Causa of this university. In 1996, Prof. Milan Marčok, the then Rector 
of Zvolen TU was awarded the Honorary Medal of the UF for his contribution to the 
consolidation of our bilateral cooperation. This cooperation holds a great potential 
and we should make the most of it.

Comparisons with similar universities have shown from 70 to 90 percent overlap-
ping of the subjects studied there. These similarities are due to the common sources 
of the different Schools of silviculture. The resemblance between UF in Sofia and the 
TU in Zvolen is really worth mentioning. There is a 90% correspondence between 
the subjects studied for the Bachelor degree and 80% correspondence between the 
subjects offered in the Masters’ syllabi. This is a result of our long-term cooperation 
and it is good evidence of the European subject matter of our education.

University Staff and Equipment

One of the greatest merits of the Bulgarian higher forestry education is the con-
tinuity between generations of faculty and the maintenance of its own qualified 
academic staff. Among the prominent lecturers at the Faculty of Forestry there are 

Forest Management Game and Fish-farming 
Management 

Forest Use and Forestry 
Economics 

Forests and forestland eva-
luation; Biodiversity conser-
vation; Forest tree improve-
ment; Forest growth and 
yield: Forest protection; Fo-
rest plantations; Manag-
ement of torrent 
watersheds; Multifunctional 
forest management; 
Dendrology of exotic 
species; World silviculture. 

Organization and manag-
ement of game enterprises; 
Hunting and fishing tourism; 
Artificial game breeding and 
nutrition; Technology and 
management of fish 
breeding and aquaculture; 
Structure and managing of 
water tank for fishing; Game 
and fish protection from 
diseases. 

Machine repair and 
maintenance in forestry; 
Technology project in 
silviculture; Technology 
project in logging; 
Forests and forest land 
evaluation;  
Business planning in 
forestry. 

Table 1. Elective subjects for the three Master’s specializations.
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three members of the Bulgarian Academy of Sciences (BAS) – B. Stefanov (1894–
1979), P. Petkov (1898–1975) and M. Dakov (1920–2006), two corresponding 
members – V. Stoyanov (1887–1971) and N. Penev, and many professors and 
associate professors. 

Since the beginning of higher forestry education, the deans of the faculties pro-
viding forestry training have been as follows: Prof. T. Dimitrov (1933–34), Acad. 
B. Stefanov (1947–48), Acad. P. Petkov (1948–51), Prof. Tsv. Hristov (1951–
52), Prof. M. Venedikov (1952–53), Prof. Iv. Dobrinov (1974–79), Prof. Hr. Sira-
kov (1979–84), Prof. G. Ganchev (1984–86), Prof. N. Ninov (1986–88), Assoc. 
Prof. V. Gagov (1988–93), Prof. D. Kolarov (1993–94), Prof. J. Kuleliev (1994), 
Assoc. Prof. Iv. Yovkov (1995), Assoc. Prof. K. Lyubenov (1995–2003), Assoc. 
Prof. St. Yurukov (2003–05), Assoc. Prof. M. Milev (since 2005). Ten professors 

from the Faculty of For-
estry were rectors: B. 
Stefanov (1953–57), D. 
Stefanov (1957–59), As. 
Biolchev (1960–66), St. 
Hristov (1966–68), Hr. 
Sirakov (1969–72), Al. 
Iliev (1972–79), N. Botev 
(1984–89), V. Donov 
(1989–90), D. Kolarov 
(1994–2003) and N. 
Ninov (since 2003).

The Faculty of For-
estry nowadays includes 
six departments – Den-
drology, Silviculture, For-
est Management, Wildlife 

The building of the Petrohan training and
 experimental forest range, Barziya village.

The building of the training and experimental 
forest range, Yundola village.

Students training in the animal collection of the Department 
of Wildlife management.
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Management, Technology and mechanization of forestry and Soil science. The 
teaching staff consists of 6 professors, 26 associate professors and 18 assistant-
professors. Total 95 teachers provide the education of this speciality.

Both students and faculty have the equipment of UF at their disposal. Special-
ized laboratories have been set up for each Department. The animal collection is 
one of our most prized possessions. In the richness of its exhibits it has no parallel 
among other educational institutions in Europe. Probably, the greatest acquisitions 
of the University are the two training and experimental forest ranges (TEFR). Edu-
cation and research quality is further enhanced by the Botanical garden housing 
more than 750 plant species and the greenhouses. The library containing more than 
100,000 volumes and 27,000 periodicals, and the Publishing House aiding the pub-
lication of study books and the specialized scientific journal “Forestry Ideas” also 
contribute to education quality.

The Graduates’ Contribution

The Faculty of Forestry at UF is the only Bulgarian institution preparing forestry 
specialists with higher education. During the years, the total number of the uni-
versity graduates has amounted to more than 5,500. They form the bulk of the 
forestry staff and they have been playing an important part in the improvement of 
forests during the last 65 years. The scale of afforestation in Bulgaria per capita 
and per unit of area is without parallel. We have 1.2 million ha of plantations, which 
makes up one third of the existing forests. The plantations have an enormous 
anti-erosion effect and improve the environment. Millions of decares of waste-
lands have been reclaimed and erosion near water reservoirs has been put under 
control. Systems of forest shelter belts (about 13,000 ha) have been established. 
The afforestations have a favourable effect on many branches of economy such as 
agriculture and aquaculture, tourism, transport, power engineering and population 
lifestyle as a whole. The afforested area has increased 1.3 times and has become 
3.398 million ha, whereas the whole forest area is 4,063 million ha. Forests make 
up 33% of the country’s territory which makes it the 9th most forested country in 
Europe. The conditions of forests and forest yield have considerably improved. The 
growing stock has increased 3 times and amounts total 600 mill.m3 and 163 m3 

ha-1 on the average. The total annual forest growth is 14.5 mill.m3 and the average 
annual growth is 4.04 m3 ha-1. Between 4.8 and 5 mill.m3 of wood are harvested 
per year with a theoretical potential of 7.1 mill.m3 per year. Bulgarian forests are 
managed according to modern, environmentally-friendly silvicultural regulations and 
in correspondence with the leading world practices and European standards, which 
ensures their sustainable development. Foreign scientists and administrators have 
declared Bulgaria a leading European country in the fields of forest establishment 
and cultivation, erosion control activities, environmental reclamation, hunting and 
game management, etc. From the view point of modern forestry concepts, the con-
servation of the unique biological diversity here is very important. Forests are hous-
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ing the populations of 43 universally endangered species of animals and plants and 
about 80% of the sites included in the ecological network “Natura 2000”. Bulgaria 
is among the countries having the greatest biodiversity in Europe – 4th place ac-
cording to some expert evaluations. The conservation of ecological and habitat 
diversity is an essential point in FF teaching. The technologies studied are based on 
the principles of nature- friendly forestry and practical activities. The theories for 
multifunctional management and sustainable development are the key issues for 
conserving biodiversity, productivity, renewable capacity, viability and potential, 
so that forests will be able to continue performing their ecological, economic and 
social functions in the future.

All these achievements of our graduates show the important and all-embracing 
mission of the forestry specialty, whose 85-year history underlines its uniqueness 
and the traditions of our higher education.

Perspectives

We have sound Bachelor’s degree education because of the long-term development 
of the subjects included in it. The complex university training, ordering subjects 
chronologically and proceeding from basic to applied disciplines combined with 
practical courses, requires a sufficient amount of time for the whole educational 
process. So, it would be rather reckless to reduce the Bachelor’s Degree term of 
training to 3 years. The concept of the 4-year Bachelor’s Degree education doesn’t 
interfere with the Bologna concept. Europe respects national identity, especially in 
the sphere of education. The regional character of forestry makes the blind stand-
ardization of curricula even counterproductive. It is quite normal, though, to keep 
in touch with the subject development, subject matter choice and the methodology 
of related universities in order to borrow what is useful and applicable. At the same 
time, however, it is important to do research in connection to the local and practi-
cal business problems. The newly introduced system of credit transfer is bound 
to ensure student and teacher mobility based on common modules. It will be fully 
developed when the stipulated commitments are met and supplied with adequate 
mechanisms of control. Mobility enables communication and the creation of a com-
mon European educational ground.

Another important task for the future is the improvement of Master’s Degree 
education. Being still new to our conditions, it is in its nascent stage and obviously 
has a number of weaknesses. The curricula need updating and expansion. More 
new subjects should be introduced reflecting the nature of this qualification stage. 
Such is the subject Forest pedagogy, taught at many European universities. It is in 
essence PR in Forestry and it is gaining increasing importance in the context of the 
multifunctional forest management. The improvement of communication with the 
public and NGOs, actually, will be of great benefit to many foresters.

Together with the tendency towards environmentally friendly forest manage-
ment, there is a growing interest in the renewable sources of energy. The concern 
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about the global climatic changes is also obvious. Because of these trends, affor-
estation, our traditional priority, has now been given additional emphasis. Forest 
plantations have good perspectives. They have the task to provide resources for 
the ever-increasing market of wood and non-wood products at a time when pro-
tected forest areas are being expanded. The interest in this kind of forestry is due 
to the existence of at least 250 thousand ha of wastelands unfit for farming. Forest 
Plantations is a subject taught in our Master’s course but it should be enriched with 
a study of the integration of its economic, ecological and social objectives.

Academic science is of particular importance to Master’s degree education. 
What it still has to achieve is to develop more research directly involved with prac-
tical problems; to be more active in applying for international projects and to attract 
more students to the research. What can help in this respect are foreign contacts, 
information on forthcoming competitions, training in application procedures and 
availability of experimental materials. We have signed new agreements with many 
universities and research institutions. FF lecturers are taking part in the cooperation 
between the National Forestry Board (NFB) and EU forestry structures. 

The development of distance learning is yet another perspective for our educa-
tion. The online presentation of the necessary teaching materials is expected soon 
in order to improve the overall learning process.

FF management focuses towards a more sustainable quality of learning. The 
results up to now show a transition from a system according to which all of the 
admitted students graduate to a more natural pyramid-like structure. Our objective 
is better preparation of graduates, intensifying work with motivated students. In 
order to achieve this, the completion of the following tasks is necessary: increas-
ing the variety of person-to-person instruction, starting thesis development well on 
time, presenting the best theses at students’ conferences and international forums. 
Another challenge facing the graduates is the implementation of the innovative 
forestry strategy and the National strategy for rural regional development in the 
context of our European membership. It will be a demanding task to become a com-
petent expert and to manage to come up the great public expectations.

Our time has made the forester’s concern for nature a vital priority for the future 
of the humanity. Therefore, our profession is increasing in popularity and respon-
sibility. Its basic formula now is the sustainable development of natural resources, 
especially forests, which means meeting our needs today without impairing the 
chances of future generations. As Professor T. Dimitrov said in the past “The forest 
is a bridge connecting the past, present and future. It enables us to lend a hand to 
our posterity“. There can hardly be a greater insight into the meaning of sustainable 
development.

Finally, it is worth quoting the Bard of the Bulgarian forest, Acad. Nickolay Hai-
tov, a famous Bulgarian writer who graduated and worked as a forester: “Seeing 
around the creative work of Bulgarian foresters, I feel proud to have been a part of 
this noble and manly profession and to be still spiritually bound to it”. Today we 
can rightfully be proud of the efforts of all teachers who have contributed to the 
development of Bulgarian higher forestry education and we have to work with con-
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cern for its successful future. That future will be shared with related departments 
in Europe. It is our honor and recognition that the Faculty of Forestry in Sofia UF, 
namely in this anniversary in 2010, joined the newly established Conference of the 
Deans and Directors of European Forestry Faculties and Schools (ConDDEFFS).
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Abstract
The main objective of this study is to derive a diameter distribution model for Scots pine (Pinus 

sylvestris L.) plantations in Bulgaria, which predicts with high confidence the allocation pattern of 
the tree diameters from stand level variables. As the investigated stands showed predominantly 
unimodal distribution pattern, their diameter distributions were characterized by 2-parameter 
Weibull function. Six methods for its parameter estimation were examined: two methods for 
parameter recovery through moments (PRM_L and PRM_S), a method for parameter recovery 
through the stand basal area (PRM_B), two parameter prediction methods (PPM_NLS and PPM_
MLE), and a modified parameter prediction method based on a mixed-effect model (PPM_Mixed). 
An empirical percentile model, not connected to a predefined functional form of the distribution, 
was fitted for comparison. The choice of the best performing model involved estimation of 
ranks based on Kolmogorov-Smirnov test and Error Index values for goodness of fit evaluation, 
against a fit and a validation data sets. Two of the parameter recovery methods (PRM_L and 
PRM_S) and one of the parameter prediction methods (PPM_NLS) performed best, PRM_S being 
the overall outperformer and PRM_L being the simplest for application. The empirical percentile 
model ranked fourth and was not advantageous for representing diameter distributions of Scots 
pine plantations. The two best models derived (PRM_L and PRM_S) describe well the diameter 
allocation pattern of the Scots pine plantations in Bulgaria and can be applied to estimate the 
diameter distributions from stand level variables in a simple and reliable way.

Key words: distribution moments, empirical percentile model, parameter prediction method, 
parameter recovery method, Pinus sylvestris, Weibull distribution function.

Introduction

The diameter distribution models are of 
particular importance for evaluation of 
the results from the forest management 
activities, but they are not always avail-
able in the forest inventories and often 

are not predictable by the whole-stand 
growth and yield tables, as in Bulgaria. 
To overcome the shortage of information, 
diameter distribution models are being de-
veloped to predict the pattern of tree di-
ameter distribution from stand level vari-
ables. Numerous functional relationships 
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have been examined, the Weibull fre-
quency distribution function being most 
commonly preferred in fitting unimodal 
distributions, because of its flexibility in 
fitting a variety of shapes and degrees of 
skewness, and relative simplicity of es-
timating its parameters. The parameter 
recovery approach, which relates percen-
tiles or moments of the distribution, used 
to recover the Weibull parameters, to 
stand level variables, and the parameter 
prediction approach, which connects the 
function parameters directly to the stand 
parameters, are the two main method-
ological groups applied for estimation of 
the coefficients of the Weibull distribu-
tion function. Different modifications and 
techniques, characteristic to both groups 
as well as combinations of the estimation 
approaches have been proposed, revealing 
the advantages and the limitations of the 
different methods (Bailey and Dell 1973, 
Cao 2004, Liu et al. 2004, Merganič and 
Sterba 2006, Siipilehto 2009).  The main 
objective of the present study is to derive 
a diameter distribution model for Scots 
pine (Pinus sylvestris L.) plantations in 
Bulgaria, which predicts with high confi-
dence the allocation pattern of the tree 
diameters from stand level variables.

Material and Methods

All plots used for data collection are situat-
ed in the mountains of Bulgaria and cover 
the variety of sites, densities and growth 
stages of the Scots pine plantations. The 
data set used for model parameterization 
is composed of two subsets (Table 1). 
Тhe first subset consists of 153 diameter 
frequency�������������������������������     distributions�����������������    obtained by tem-
porary sample plots established in 2002–
2005. The second subset includes 83 di-

ameter distributions from published data 
sources (Krastanov et al. 1980, Marinov 
2002, Marinov et al. 1997) of permanent 
sample plots measured one or more times 
by 2 to 6-year intervals. The validation 
data set consists of 166 diameter distri-
butions and includes data recorded in a 
provenance test plantation in 2007 and 
published data from the forest inventory 
plots and other permanent sample plots 
(Efremov 2006) measured once or more 
times by 10-year intervals. Beside the di-
ameter distribution data, the stand level 
variables density (ha-1), basal area (m2.ha-

1), dominant height (m), quadratic mean 
diameter (cm), age (years), and site index 
were also used in the analyses (Table 1). 
The stand dominant height, where absent, 
was estimated through its relationship to 
the mean height established by Stankova 
et al. (2006), and the site indices of all 
plots were determined by the site quality 
tables for Scots pine stands by growth 
mode (Mihov 1986) for the third type of 
growth mode (slowing down growth).

Most of the diameter distributions 
in the modeling data set exhibited uni-
modal pattern; for this reason, the �����2-pa-
rameter Weibull frequency distribution 
function was employed to characterize 
the diameter distribution pattern of the 
Scots pine plantations sampled:
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where x stands for diameter at breast 
height and b and c are the scale and 
the shape parameters, respectively. The 
model coefficients were estimated in 6 
different ways (Table 2). The first two 
methods apply the parameter recovery 
approach through the first raw (m1) and 
the second central (m2) moments of the 
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distribution (Table 2, Eqs. 2 and 3). In the 
first method (PRM_L) the raw moment 
m1, which is the arithmetic mean diame-
ter, was estimated by linear regression on 
the quadratic mean diameter (Stankova et 
al. 2002) (Table 2, Eq. 4). In the second 
method (PRM_S) the arithmetic mean di-
ameter was evaluated by a relationship 
(Table 2, Eq. 5) on the quadratic mean 
diameter and other stand level variables 
(Diéguez-Aranda et al. 2006). The second 
central moment m2, which is the variance 
of the distribution, is estimated in both 
methods by the arithmetic and the qua-

dratic mean diameters (Table 2, Eq. 6). 
The third method for model parameteriza-
tion (PRM_B) was adapted from Cao et al. 
(1982) and employs the measured value 
of the stand basal area per hectare to re-
cover the parameters iteratively (Table 
2, Eq. 7), while expressing parameter b 
through c by Eq. 2. In the parameter cal-
culation the fitted basal area was allowed 
to deviate from the experimental one 
(Eq.7) by no more than 5%. Two param-
eter prediction methods (PPM_NLS and 
PPM_ML) and one modified parameter 
prediction method (PPM_Mixed) for coef-

QMD – quadratic mean diameter; dbh – diameter at breast height; P – number of plots; 
N – number of distributions; n – number of trees.

Table 1. Stand and tree characteristics of the modeling and the validation data sets for 
modeling the diameter distributions of Scots pine plantations in Bulgaria.

Modeling data set (P=193) 
 N=236, n=44942 

Subset 1 
(P=153) 

N=153, n=9372 

Subset 2 
(P=40) 

N=83, n=35570 

Validation data  
set (P=73) 

N=166, n=23889  Variable 

Mean min max Mean min max Mean min max 

QMD, 
cm 15.2 3.6 35.3 14.7 5.7 23.2 19.8 6.5 34.7 

Density, 
ha-1 3164 498 12200 3298 679 9305 1706 393 8640 

Age, 
years 35 10 78 34 14 50 43 15 80 

Dominant 
height, m 15.9 3.6 32.6 14.5 6.3 23.2 18.4 6.4 32.5 

Basal 
area, 

m2.ha-1 
41.17 5.54 72.27 44.73 15.72 104.41 42.80 10.12 67.84 

Site 
index 31 22 38 29 22 38 31 22 38 

Stand 
variables 

Plot size, 
m2 270 85 1269 1658 148 2960 954 386 1989 

Tree 
variable 

dbh, cm 13.7 2 36 12.3 1 47 16.9 2 52 
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ficient estimation were also tested. The 
first two follow three main steps of appli-
cation: (i) parameter estimation by plots, 
(ii) parameter prediction through stepwise 
multiple regressions on the stand level 
variables, and (iii) simultaneous refitting 
of the selected regressions for b and c 
through seemingly unrelated regression 
(Table 2). PPM_NLS and PPM_ML differ in 
the first step of the estimation procedure, 
because while PPM_NLS applies the or-
dinary non-linear least squares technique, 
PPM_ML utilizes the maximum likelihood 
estimation. The PPM_Mixed method em-
ployed a non-linear mixed-effect model, 
in which the Weibull function parameters 
were considered mixed, i.e. composed 
of a fixed part (common for all distribu-
tions) and a random part specific for each 
plot (Table 2, Eq. 8). After estimation of 
the mixed-model parameters, the random 
parts of the parameters were predicted 
through regressions on the stand level 
variables.

A modification without driver per-
centile of the empirical, percentile-based 
model introduced by Borders et al. (1987), 
which is not connected to a predefined 
functional form of the distribution, was 
also fitted for comparison. This method 
defines an empirical probability density 
function with 12 ordered percentiles (Ta-
ble 2, Eq. 9), and the principle percentiles 
are further predicted from the stand level 
variables by stepwise multiple regressions 
followed by a seemingly unrelated regres-
sion.

Kolmogorov-Smirnov (K-S) test was 
applied to compare the experimental 
distributions with the predicted ones by 
each of the proposed models (Little 1983, 
Liu et al. 2004). To allow comparison of 
the distribution shapes, their mean val-
ue was subtracted prior to the analysis 
(Stankova and Zlatanov 2010). The Error 
Index (EI) was estimated for each diam-
eter distribution as the sum of the abso-
lute differences between predicted and 

* Abbreviations are as introduced in the text.

Modelling data set Validation data set Rank sum 

K-S EI K-S EI Method 
Mean 
value Rank Mean 

value Rank Mean 
value Rank Mean 

value Rank 

K-
S EI Total 

PRM_L 0.2680 4 119 1 0.1636 1 60 1 5 2 7 

PRM_S 0.1942 1 123 2 0.1649 1 62 2 2 4 6 

PRM_B 0.2484 3 141 4 0.2642 5 76 3 8 7 15 

PPM_NLS 0.2020 1 136 3 0.1728 2 62 2 3 5 8 

PPM_ML 0.3479 5 308 6 0.2240 4 136 5 9 11 20 

PPM_Mixed 0.2774 4 153 5 0.3238 6 89 4 10 9 19 

Empirical 
Percentile 

Model 
0.2284 2 138 4 0.1922 3 72 3 5 7 12 

Table 3. Mean values of the comparison test statistics (K-S and EI) and method ranking 
according to the results of the Wilcoxon rank-sign test*.



T. Stankova and U. Diéguez-Aranda160

observed number of trees per 1000 m2 
within each diameter class (Reynolds et 
al. 1988, Liu et al. 2004), and indicates 
the typical misfit of a model, because 
the EI will be small only when the mod-
el predicts well for all diameter classes. 
Kolmogorov-Smirnov and EI test statistics 
were determined for both the modeling 
and the validation data sets, and further 
compared by Wilcoxon signed-ranks test 
in order to find statistically significant dif-
ferences between the examined modeling 
approaches, regarding their goodness of 
fit. Different ranks were assigned to the 
methods distinguished as significantly dif-
ferent by the Wilcoxon test, for each test 
statistic and data set separately, and the 
overall method ranking was based on the 
rank totals summed from the 4 respective 
groups.

Results and Discussion

The final regressions required for 
application of the different modeling 
methods, their coefficients of 
determination (R2), and their Root Mean 
Square Errors (RMSE) are presented 
in Table 2. In the PPM_Mixed method, 
both regression coefficients were 
initially represented by a fixed and 
a random part, but the random part 
of the shape parameter could not be 
regressed satisfactorily on the stand 
level variables and for this reason the 
model was reformulated with a mixed-
scale and fixed-shape parameter (Table 
2, Eq. 8). Two of the examined methods 
for parameter estimation (PRM_S and 
PPM_NLS) modeled successfully the 
pattern of all distributions in both the 
modeling and the validation data sets, 
which was revealed by the K-S test. 

The Empirical Percentile Model and the 
PRM_L method failed to model 2 and 3 
of the 402 distributions, respectively. 
The PRM_B and PPM_Mixed methods, 
which modeled acceptably the 
distributions of the modeling data set 
(failed in 3 and 7 cases, respectively), 
showed poor predictive ability for the 
validation data set (failed in 18 and 
39 cases, respectively). The results 
from the comparison of the examined 
methods are shown in Table 3. The total 
sums of the ranks varied between 6 and 
20 and the methods of best diameter 
distribution modeling potential were 
the two parameter recovery methods 
through moments (PRM_S and PRM_L) 
and the parameter prediction method by 
non-linear least squares estimation at the 
first step of its application (PPM_NLS).

The parameter recovery methods 
have generally proved better to the pa-
rameter prediction ones in estimation of 
the Weibull frequency distribution func-
tion (Liu et al. 2004). The function relat-
ing the quadratic mean to the arithmetic 
mean diameter used in PRM_S (Eq.  5) 
is theoretically preferred, because it en-
sures that the predicted values for the 
arithmetic mean diameter will not ex-
ceed the quadratic mean and takes into 
account the influence of the stand vari-
ables. On the other hand, the simple lin-
ear regression in the method PRM_L es-
timated in the present study intrinsically 
overcomes the problem of higher arith-
metic mean diameter (Table 2) and allows 
modeling the diameter distribution only 
through the value of the quadratic mean 
diameter. The parameter prediction ap-
proach PPM_NLS also showed very good 
results in the present study, which can 
be largely accounted to the very strong 
relationships of the function parameters 
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to the stand level variables. PPM_NLS 
appeared much better than PPM_MLE, 
although the maximum-likelihood estima-
tion (MLE) has been preferred as the one 
providing unequivocally the best possible 
distribution. The advantage, however, of 
the MLE is more pronounced when the 
primary purpose of its application is the 
distribution estimation itself and is rec-
ommended for large samples. Cao et al. 
(2004), on the�������������������������� �������������������������other hand, examined dif-
ferent ways for estimating the 3������� ������param-
eters of the Weibull function involving 
different prediction methods and combi-
nations with recovery approaches. The 
study suggested that the limitations of 
the parameter prediction approaches can 
be successfully overcome by reformulat-
ing the optimization criterion for param-
eter estimation in two ways: maximiz-
ing the sum of the log-likelihood values 
or minimizing the error sum of squares 
of the cumulative distribution functions 
from all plots. The parameter recovery 
method (PRM_B) proposed by Cao et al. 
(1982) has been designed to practically 
utilize the information about the stand 
basal area per hectare, easily obtained 
through relascopic sample plots. Fitting 
Eq. 7, however, requires exhaustive, of-
ten difficult to converge calculations. In 
spite of the theoretically logical deriva-
tion of this method, its poor goodness 
of fit and estimation efforts make it dis-
advantageous in comparison to the oth-
er tested parameter recovery methods. 
Mixed-effect models, which have been 
successfully developed and applied as 
an alternative to the purely determinis-
tic models, are preferable mainly when 
calibration through supplementary obser-
vations of the dependent variable is in-
volved. Such calibration in the diameter 
distribution modeling is barely justified 

because an additional determination of 
the frequency of even a single diameter 
size class requires many additional mea-
surements, which makes such approach 
meaningless. Prediction of the random 
parameters through the stand level vari-
ables was attempted in this study, but 
the simplified mixed-model technique 
proposed here did not produce satisfac-
tory results. The poor predictability of the 
PPM_Mixed for the validation data set 
and the lack of significant relationship of 
the random component of the shape pa-
rameter to the stand level variables sug-
gest that this approach has to be aban-
doned in modeling diameter distributions. 
A case study on Pinus taeda plantations 
(Borders and Patterson 1990) showed 
that an empirical percentile function can 
exceed the goodness of fit of the Weibull 
frequency function mainly because of 
better modeling of the non-unimodal 
distributions. This method did not show 
here superiority to the Weibull function 
estimated by the parameter recovery 
through moments. Although not con-
nected to a particular known function, 
the percentile model outlines through its 
12 percentiles a specific distribution pat-
tern, which should be characteristic to 
the investigated type of stands. Thus, 
the distribution pattern estimated by this 
method did not represent the diameter 
distributions of the Scots pine planta-
tions better than the Weibull frequency 
distribution function.
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Abstract
Beech forests in the Western part of Bulgaria have been monitored in order to assess the 

risk of harmful effects of lead (Pb) and cadmium (Cd) pollution by means of Critical Loads 
calculations and their exceedances by real deposition. Critical loads of Pb and Cd for two 
sites (Vitinya and Petrohan) have been determined using the “Steady State Mass Balance” 
method based on the heavy metal uptake by the biomass and the leaching of the metals in 
the root zone. Real deposition of Pb and Cd was measured every two weeks during a one-
year period by collecting the throughfall in plastic collectors (6 for each site). All samples 
have been analysed for their Pb and Cd content using atomic emission spectroscopy. The 
same method has been applied for measuring the content of Pb and Cd in the wood of beech 
trees. Fluxes of leaching water were measured in grid cells of 10 x 10 km for the entire 
country. The results obtained show that the critical loads of both Pb and Cd are lower for 
the Vitinya site demonstrating the higher sensitivity of beech to the pollution of heavy metals 
in comparison with the Petrohan site. In addition the real deposition of Pb and Cd has been 
higher at the Vitinya site. Although there were no exceedances of critical loads of Pb for 
both sites, additional deposition in the future will lead to a sooner exceedance of the critical 
load at the Vitinya site as compared to the Petrohan site. We conclude that the beech for-
est at the Vitinya site is at risk of damages by Cd pollution whereas the beech forest at the 
Petrohan site is more tolerant to heavy metal pollution due to its higher critical loads.

Key words: atmospheric deposition, cadmium, critical loads, exceedances, lead, throughfall. 

Introduction

There is ample awareness of interac-
tions at the starting point of the source-
receptor chain with respect to sources 
and emissions of heavy metals and their 
adverse effects as air pollutants on eco-
systems and various services these eco-
systems provide, such as a sustainable 

biodiversity (Metzger et al. 2005). Since 
forest ecosystems are associated with 
many ecosystem functions related to bi-
odiversity, provision of forest products, 
water protection and carbon sequestra-
tion, it is crucial to know the amount of 
pollutant deposition above which these 
ecosystems would be damaged. Critical 
loads have been defined as quantita-
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tive estimates of an exposure to one 
or more pollutants below which signifi-
cant harmful effects on specified sen-
sitive elements of the environment do 
not occur according to present knowl-
edge (Nilsson and Grennfelt 1988). The 
Bulgarian focal center has contributed to 
the calculation and mapping of critical 
loads of acidifying pollutants and heavy 
metals mostly for forest and aquatic 
ecosystems (Ignatova 2007; Ignatova 
et al. 1998, 2002, 2005; Ignatova 
and Damyanova 2006; Slootweg et al. 
2007).

Critical loads for different receptors 
can be used to determine the sensitivity 
of a given receptor. When the value of 
the critical load is high, the receptor is 
more tolerant and less sensitive to the 
pollutant of concern. In this case the 
receptor can withstand large amounts 
of pollutant deposition without show-
ing harmful effects. The risk of damage 
can be assessed by means of exceed-
ances of critical loads of current depo-
sition rates of the pollutant of interest. 
This approach is very effective because 
it can inform regional emission control 
policies. This study proposes modelling 
methodologies that have the capabil-
ity of providing effect-based support to 
policies that are aimed at mitigating air 
pollution and the change of biodiversity 
and climate in an integrated manner.

The aim of this study was to carry out 
comparative investigations on the sensi-
tivity and risk of damage of heavy metal 
pollution in beech forests in the West-
ern Balkan Mountain by means of critical 
load calculations and their exceedances. 
From this point of view the following 
tasks have been taken into account:

1. Determination of Pb and Cd depo-
sition rates in the precipitation of beech 

forests in two regions of the Western 
Balkan Mountain differing in air pollution 
levels.

2. Collection of measured data need-
ed for the calculation of local critical 
loads of Pb and Cd for beech forest in 
order to assess their sensitivity to heavy 
metal pollution.

3. Assessing the risk of harmful ef-
fects and damages to beech forests by 
computing the exceedances of critical 
loads of Pb and Cd.

Material and Methods

Collectors for throughfall under beech 
crowns have been installed at two sites of 
the Western Balkan Mountain: Petrohan 
and Vitinya (Fig. 1). The collectors were 
located at 3 positions (Fig. 2) following 
the forest: 1 – close to the beech stem; 
2 – In the middle of the crown projec-
tion; 3 – between two trees.

The throughfall has been collected 
with 18 plastic funnels (1 m above the 
ground) per site with a collecting sur-
face of 314 cm2 in polyethylene bottles 
(Fig. 3) stored in the upper soil layer to 
minimize biological activity in the col-
lected solution due to darkness and 
lower temperatures. Individual water 
samples have been collected fortnightly 
after measuring the water volume and 
analysing the samples for their Pd and 
Cd content by atomic emission spec-
trometry.

Pb and Cd uptake by the biomass has 
been derived by multiplying the content 
of these metals in the beech stem and 
branches, measured by atomic emission 
spectrometry, with the annual growth 
determined after cutting the representa-
tive trees.
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Mle(crit) = Critical leaching of a 
metal M from the considered soil layer, 
g.ha-1yr-1.

The metal net uptake of harvestable 
parts of plants was calculated by multi-
plying the annual yield by the fraction of 
metal net uptake within the considered 
soil depth and the metal content of the 
harvestable parts of the plants as follow:

Mu = fMu Yha [M]ha,
where: Mu = Metal uptake in har-

vestable parts of plants, g.ha-1yr-1;

The runoff of water un-
der the root zone has been 
measured and mapped as 
mean annual values for a pe-
riod of 20 years in grid cells 
of 10 x 10 km for the entire 
country (Kehayov 1986). The 
method is based on a splitting 
of river hydrographs, hydro-
geological parameters of the 
underground water bodies, 
measurements of the mineral 
runoff between neighbouring 
hydrometric sites, infiltration 
of the water source etc.

There is agreement that 
the effect of heavy metals on 
forests is in better correlation with the 
metal concentration in the soil solution 
than in the soil itself (Crommentuijn 
et al. 1997, Lamersdorf et al. 1991, 
Tyler 1992, Wilkens 1995). From this 
point of view the leaching of heavy 
metals has been obtained by multiply-
ing the runoff of water under the root 
zone with the critical concentration of 
the heavy metals in the soil solution 
(UBA, 2004).

The effect-based steady-state 
mass balance model was used 
to calculate the critical loads of 
Pb and Cd. The model implies 
that the critical load equals the 
net uptake by the forest growth 
plus an acceptable metal leach-
ing rate, according to the follow 
equation:

CL(M) = Mu + Mle(crit)
where: CL(M) = critical load 

of a heavy metal M (Pb or Cd), 
g.ha-1yr-1;

Mu = Metal net uptake in the 
harvestable parts of plants under 
critical load conditions, g.ha-1yr-1;

Fig. 2. Distribution of collectors for the deposi-
tion of heavy metals under beech crowns: 1 – close 
to the stem; 2 – under the half of the crown projec-

tion; 3 – between two trees.

●●

Petrohan 

Vitinya 

Fig. 1. Two monitoring sites in a beech forest of the 
Western Balkan Mountain in Bulgaria (Petrohan and 

Vitinya).
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fMu = Fraction of metal net uptake 
within the considered soil depth, ac-
counting also for the metal uptake due 
to deposition on vegetated surfaces 
(the fraction of metal net uptake within 
the considered soil depth has been set 
to 1);

Yha = Yield of harvestable biomass 
(dry weight), kg.ha-1yr-1;

[M]ha = Metal content of the har-
vestable parts of the plants, g.kg-1dw.

The critical leaching flux of heavy 
metals from the topsoil was calculated 
according to the follow equation:

Mle(crit) = cle Qle [M]ss(crit),
where: Mle(crit) = Critical leaching 

flux of heavy metal from the topsoil, 
g.ha-1yr-1;

Qle = Flux of drainage water leached 
from the regarded soil layer, m.yr-1;

[M]ss(crit) = Critical limit for the to-
tal concentration of heavy metal in the 
soil solution (10 mg.m-3 for Pb and 3 
mg.m-3 for Cd) (UBA 2004);

cle = 10; this is a factor for ap-
propriate conversion of flux units from 
mg.m-2yr-1 to g.ha-1yr-1.

The differences between the moni-
tored and the critical possible loads of 

Pb and Cd by present atmos-
pheric depositions as exceed-
ances of critical loads were 
calculated by the following 
equation:

CL(M)ex = PL (M) – CL(M),
where: PL (M) = Present 

deposition of Pb or Cd, g.ha-1yr-1;
CL(M) = Critical load for 

Pb and Cd, g.ha-1yr-1.

Results and Discussion

Given that the amount of the through-
fall in the beech forest at the Petrohan 
site was higher (898 mm) than at the 
Vitinya site (807 mm), it was necessary 
to determine the acidity and heavy metal 
concentrations in order to calculate the 
real HM deposition at these sites. The 
mean annual acidity of the throughfall 
under the crowns of the beech forest in 
Petrohan was 5.88 pH compared to 5.69 
in Vitinya, showing that the precipitation 
entering the soil was in general not acidic 
and that the difference between the pH 
values was not significant. Under these 
conditions both the heavy metal concen-
tration levels and the deposition rates 
have been higher in Vitinya as compared 
to Petrohan. The mean concentration of 
Pb for the study period was 0.8 µg.dm-3 
in Vitinya whereas in Petrohan it reached 
0.6 µg.dm-3. The concentration of Cd was 
two times higher in Vitinya (0.2 µg.dm-3) 
than in Petrohan (0.1 µg.dm-3) (Fig. 4). 
Although the amount of throughfall was 
higher in Petrohan, the deposition of 
both Pb and Cd was lower in comparison 
with the Vitinya site. The Pb deposited 
in Vitinya was 5.76 g.ha-1yr-1 and 4.98 
g.ha-1yr-1 in Petrohan. The respective val-

Fig. 3. Permanently open collectors for the deposition 
of heavy metals.
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ues for Cd deposition were 
1.47 g.ha-1yr-1 (Vitinya) and 
0.90 g.ha-1yr-1 (Petrohan) 
(Fig. 5).

In general, critical loads 
of pollutants can be used 
for the assessment of the 
sensitivity of receptors to 
a given pollutant. Higher 
values of critical loads in-
dicate higher tolerance and 
lower sensitivity of recep-
tors to pollutants. From a 
practical point of view it 
is common to compare the 
critical load with the real 
deposition of pollutants.

Using this compari-
son, the real risk of dam-
age and disturbance of the 
sustainable development 
of a beech forest can be 
assessed. As mentioned 
above, the deposition of 
both Pb and Cd was higher 
in Vitinya than in Petro-
han, but these deposition 
rates are not suitable for 
assessing the risk of harm-
ful effects of these pollut-
ants to forest ecosystems, 
because their critical loads 
have been lower in Vitinya 
as compared to Petrohan.

When comparing the variables used 
for the determination of critical loads 
of Pb at the two experimental sites, it 
can be seen that both Pb uptake by the 
harvestable part of the biomass and its 
leaching by the water runoff under the 
root zone were much higher in Petrohan 
than in Vitinya. On one hand this can be 
related to the higher concentration of 
Pb in the beech stems and branches in 

Petrohan (0.0014 g.kg-1) than in Vitinya 
(0.0004 g.kg-1), leading to a biomass up-
take of Pb of 10.24 g.ha-1yr-1 in Petrohan 
as compared to 2.79 g.ha-1yr-1 in Vitinya. 
On the other hand the leaching of Pb by 
the water runoff in Petrohan was higher 
(10.63 g.ha-1yr-1) than in Vitinya (3.63 
g.ha-1yr-1). In this case the value of the 
critical load of Pb at the Petrohan site 
was 3 times higher (20.87 g.ha-1yr-1) than 
in Vitinya (6.42 g.ha-1yr-1). The obtained 

Pb
Cd

Petrohan

Vitinya
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0.0002

0.0004

0.0006

0.0008

m
g 

dm
-3
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Fig. 4. Mean annual concentration of Pb and Cd in the 
throughfall of beech forests in Petrohan and Vitinya.
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Fig. 5. Annual deposition of Pb and Cd in the throughfall of 
beech forests in Petrohan and Vitinya.
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values of critical loads have demonstrat-
ed that the beech forest in Petrohan was 
more tolerant to the Pb deposition than 
the beech forest at the Vitinya site. A 
comparison of the critical loads with the 
real deposition rates revealed that there 
were no exceedances of critical loads 
at both sites for the entire study period, 

hence the beech forests 
were not at risk of dam-
ages due to Pb deposition. 
The negative values of the 
exceedances at the Petro-
han site suggest that the 
beech forest there could 
withstand much more ad-
ditional deposition of Pb 
(15.89 g.ha-1yr-1) before 
reaching the critical load 
value as compared to the 
Vitinya site, where the 
critical load value would 
be already exceeded after 
an additional Pb deposition 
of only 0.66 g.ha-1yr-1 (Fig. 
6). Therefore, the risk of 
harmful effects and dam-
ages after a low increase 
in Pb deposition is higher 
in Vitinya than in Petro-
han.

Similar results have 
been found for Cd (Fig. 
7). Despite higher Cd 
deposition rates in Viti-
nya, the critical load was 
higher in Petrohan (3.55 
g.ha-1yr-1) than in Vitinya 
(1.44 g.ha-1yr-1). However, 
the most significant dif-
ference found is that the 
critical load of Cd was 
not exceeded in Petrohan 
(–2.65 g.ha-1yr-1), whereas 
it was exceeded in Vitiny 

(0.03 g.ha-1yr-1) which increases the risk 
of damage at the latter site.

Human health effects of deteriorating 
forest ecosystem services through HM 
deposition – represented here as a change 
in the quality of drinking water – has been 
taken into account in our study. Critical 

Mu (
Pb)

Mle(
Pb)

CLPb

Dep
Pb

CL(Pb) (e
x)

Vitinya
Petrohan-20

-10
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-1
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Fig. 6. Annual biomass uptake (MuPb), leaching (MlePb), 
critical load (CLPb), deposition (DepPb) and exceedance of 

critical load (CLPbex) of Pb in beech forests in Petrohan and 
Vitinya.
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Fig. 7. Annual biomass uptake (MuCd), leaching (MleCd), 
critical load (CLCd), deposition (DepCd) and exceedance of 
critical load (CLCdex) of Cdin beech forests in Petrohan and 

Vitinya.
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loads of Pb and Cd for ecotoxicological ef-
fects on terrestrial ecosystems were cal-
culated for Bulgarian Forests by the Co-
ordination Centre and were compared to 
the human health- drinking water values 
(Slootweg et al. 2005). It was found that 
both values for the entire forested area of 
Bulgaria were between 4 and 6 g.ha-1yr-1. 
Later critical loads of Pb and Cd for Bulgar-
ian forests based on eco-toxicological ef-
fects on soil organisms were published in 
the CCE Status Report 2008 (Hettelingh 
et al. 2008). The values were between 
1 and 4 g.ha-1yr-1 and between 10 and 
30 g.ha-1yr-1 for Cd and Pb, respectively. 
In this study, the use of the human health 
effects- drinking water approach led to 
Pb critical load values of 20.87 g.ha-1yr-1 
and 6.42 g.ha-1yr-1 for the Petrohan and 
Vitinya site, respectively. Similar differ-
ences were found for Cd: The critical load 
of Cd was higher in Petrohan (3.55 g.ha-

1yr-1) than in Vitinya (1.44 g.ha-1yr-1). This 
means that the values of critical loads for 
both Pb and Cd were similar despite the 
existence of different critical limits and 
the use of different approaches.

Conclusions

The risk of damage to Bulgarian beech 
forests due to the deposition of Pb and 
Cd cannot thoroughly be assessed by 
the calculation of the deposition rate 
of these pollutants only. Additional cal-
culations of critical loads are needed to 
determine the tolerance of these beech 
forests to heavy metal pollution. Of the 
two sites examined, the beech forest in 
Petrohan can accept higher deposition 
rates of Pb and Cd before any damag-
es to the forest would be expected as 
compared to the forest in Vitinya.

The real risk of damage can be as-
sessed through the calculation of the 
exceedances of critical loads of Lead 
and Cadmium using measured deposi-
tion data. The results obtained in this 
study have shown that critical loads 
of Pb have not been exceeded for the 
beech forests at two Bulgarian sites. 
However, the possibility to accept ad-
ditional deposition of Pb before reach-
ing the critical load was lower for the 
Vitinya site in comparison with the 
Petrohan site. Special attention has to 
be paid to Cd whose critical load was 
exceeded in Vitinya, which increases 
the potential risk of forest damage at 
that site.
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Abstract
Forest policy and forest carbon accounting systems must be underpinned by appropriate-

ly accurate information, yet such information is often difficult and expensive to collect. This 
has led to the promotion of more cost-efficient forest sampling methodologies, and to the 
rise of modeling as a means to predict or interpolate changes to forest conditions in response 
to various stimuli. The accuracy of such modeling is usually determined through comparison 
with field data, often collected at a relatively limited number of sites.

Large bodies of relevant forest data are collected in National Forest Inventories, but there 
are inherent methodological problems in using this NFI data for model validation, particularly 
if such data is collected using angle-count sampling. Angle-count sampling has the advan-
tage of being a relatively fast and cheap method of collecting forest data, but it is generally 
considered that at least four samples should be taken at a site for the results to be usefully 
precise. Some NFIs however take only a single angle-count sample at each fixed sampling 
point. Although at a broad scale these results may give useful figures, their usefulness at the 
plot scale is severely limited, especially if the intent is to judge plot timber volume increments 
or prepare forest carbon budgets. The availability of a time series does however allow for 
some statistical correction to single angle-count estimations. This study demonstrates the 
statistical uncertainties in using angle-count time series, and develops a method of reducing 
such 0 to a level that angle-count NFI data may be usefully used for comparisons with forest 
models.

Key words: carbon accounting, carbon budgets, sampling, statistics.

Introduction

Rising interest in forest carbon ac-
counting has led to a renewed interest 
in forest inventories and forest process 
modelling as a means to accurately as-
sess carbon stocks, both as presently 
existing and under a range of future 

scenarios. Although process model-
ling shows great promise in being able 
to track changes to ecosystem car-
bon stocks and fluxes in response to 
various stimuli, there is always a need 
for modelling to be properly validated 
against field data to give confidence in 
results. Model validation often relies on 
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a relatively small number of experimen-
tal plots.

Large bodies of forest growth data 
are available in many countries, through 
the various National Forest Inventories 
(Tomppo et al. 2010). Inventories how-
ever are designed to aggregate samples 
taken at many points to give accurate in-
formation at large scales, whereas proc-
ess modelling aims to accurately simu-
late single stands based on point-specific 
input information. Although at the large 
scale aggregated results found with either 
method should be similar, this is not ad-
equate for validating model performance 
as model errors in some areas may be 
masked by opposing errors elsewhere in 
the aggregated dataset. This problem is 
compounded in the case of inventories 
that use more sophisticated sampling 
techniques such as angle-count sampling.

Angle count sampling for efficiently 
estimating forest stocks was developed 
in Austria by Bitterlich (1947, 1984), and 
popularised in North America by Grosen-
baugh (1952). The method is now well 
known to practicing foresters across 
most of the world, and if properly per-
formed has been proven to give unbiased 
estimates of stand basal areas in timber 
cruising operations (Palley and Horwitz 
1961). Recently however angle-count 
sampling has also become an integral 
part of some National Forest Inventories 
(i.e. Austria (Gabler and Schadauer 2006) 
and Germany (Kändler 2006)). Since the 
late 1950s three methods have been de-
veloped for calculating increments from 
successive angle count samples: the Dif-
ference method, the Starting Value meth-
od and the End Value method (Shieler 
1997). These were attributed by Hradetz-
ky (1995) to Van Deusen et al. (1986), 
Grosenbaugh (1958) and Roesch et al. 

(1989). In the case of Austria, a single 
angle-count sample is taken at each cor-
ner of a 200 m square, with these squares 
located on a systematic grid of 3.889 km 
resolution over all forested land.

The volume (V) of a single tree is a 
function of basal area (g). Common al-
lometrics such as those of Pollanschütz 
(1974) multiply g by height (h) and a 
shape-dependant form factor (f).

fhgV TREE **=  		  Equation 1

In order to determine volume per 
hectare, the number of trees per hectare 
must be estimated. Angle-count meth-
odology relies on the fact that each tree 
counted in the sample may be taken to 
represent a fixed number of trees per 
hectare (nrep). The nrep for each tree 
sampled is estimated as the basal area 
factor (K) used in the sampling divided 
by the basal area of the tree.

    
i

i g
Knrep = 	           		 Equation 2

The volume per hectare is then:

    ∑
=

=
sampledtreesalli

ii
PLOT nrepVV

__

*        Equation 3

Difference method

Using the Difference method to calculate 
increment, the growth between time 
1 (t1) and time 2 (t2) is simply the 
difference between the volumes at the 
two periods plus any removals due to 
harvesting or mortality.

removalsVVGrowth PLOT
t

PLOT
t +-= 12   Equation 4

The shortcoming of the Difference 
method is apparent from an examination 
of equations 2 and 3. As trees grow g 
increases, but this increase in growth 
(which should contribute to an increase 
in VPLOT) is offset by an equivalent fall 
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in nrep. Observed growth with the dif-
ference method can only come from in-
creases in h, or increases in i (that is, 
when new trees are added to the sample 
between t1 and t2). If no new trees are 
added to the sample then the calculated 
increment will be an underestimation, 
whereas if many new trees are added 
(due to the random physical location of 
the trees in the plot), then the method 
may considerably overestimate growth.

Starting value method

The Starting Value method avoids the 
problem of new trees introducing high 
variance into increment calculations by 
keeping nrepi constant between time peri-
ods, and ignoring any increases in i. Thus:

    1,
1,2,

ti
titi g

BAFnrepnrep ==

			 

	 Equation 5
New trees in the second sample pe-

riod may be either ingrowth (I) or non-
growth, depending on whether they 
were under or over a particular dbh 
threshold in the first period. Ingrowth 
are trees that are newly present in the 
sample at t2 that were effectively not 
present in the stand at t1. If the dbh 
threshold is greater than zero then in-
growth must be further differentiated 
into ingrowth or ongrowth (cf Martin 
1982), but this complication is not rel-
evant to our discussion here.
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With this method, Vt2
PLOT ≠ Vt1

PLOT + 
+Growth + removals. Because nrepi is 
constant between measurements, any 
random variation in g is greatly ampli-

fied when upscaling to the per hectare 
values.

End value method

The End Value method also keeps nrepi 
constant between time periods, but 
uses the nrepi values from the second 
time period: 
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This method also results in an incre-
ment estimate that is not necessarily 
equal to the change in estimated vol-
ume. There are some theoretical im-
provements in variance because of the 
larger number of trees used to estimate 
nrep, but to some extent this is offset 
by the need to estimate the t1 basal 
area of trees that only entered the sam-
ple in t2.

Either of the latter two of these 
methods are currently preferred, due 
to a lower variance in increment results 
(Hradetzky 1995). Recent work how-
ever (Eastaugh and Hasenauer 2011) 
points to possible bias in results from 
the Starting Value and End Value meth-
ods, hence our efforts will focus on the 
Difference method.

We use a case study example to in-
vestigate the range of error in timber 
growth increments estimated by apply-
ing the Difference method to time-series 
of single angle-count samples, and de-
velop a correction method that signifi-
cantly reduces the variance on single 
points. Our purpose is to demonstrate 
that the errors in Difference method in-
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crement calculations applied to single 
points are not completely random, but 
are correlated with the number of new 
trees that enter the sample at the sub-
sequent inventory. By estimating this 
systemic error we are able to apply a 
simple correction to increment results, 
achieving substantially reduced vari-
ance than the original. As an example 
of the benefits of the improvement, we 
show how the corrected results may be 

used to better test the accuracy of a 
forest growth model.

Data and Methods

23 fixed-area research plots were estab-
lished in a spruce/pine forest at Litschau 
(northern Austria) in 1977, and have been 
remeasured each 5th year since that time. 
This study uses plot number 10, which 

Fig. 1. Permanent research plot No 10 at Litschau, in 1977. Green circles are an 
exaggerated representation of tree diameter (1.3 to 32.1 cm), red diamonds show the 

centre-points of the 5 simulated angle-count samples.
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is predominantly spruce and formed part 
of the validation dataset for the biogeo-
chemical process model BIOME BGC 
(Pietsch et al. 2005). The plot is 486 m2, 
and in 1977 consisted of a range of tree 
sizes up to 32.1cm (Fig. 1).

In each measurement period, all trees 
on the plot are measured for height and 
diameter at breast height (dbh), and their 
location coordinates recorded. This al-
lows us to reconstruct the stand as it ap-
peared in each measurement period, and 
determine what an angle count sample 
from any point would have measured, if 
such a sample had been made. As shown 
in figure 1, we simulate an angle-count 
sample at the geometric centre of the 
plot, and five metres in each cardinal di-
rection from that centre. Given the range 
of tree sizes on the plot, none of these 
samples (in any time period) overlaps the 
fixed-area plot boundary. Tree volumes 
are calculated based on dbh, height and 
a form factor according to parameters 
determined by Pollanschütz (1974).

Process modelling with BIOME BGC 
(Thornton 1998) is performed using in-

put criteria from internal plot documen-
tation, species parameters from Pietsch 
et al. (2005) and interpolated DAYMET 
daily climate data (Petritsch 2002). The 
model gives results in terms of kilo-
grams of stem carbon per square me-
tre, which are then converted to timber 
volume according to biomass expansion 
factors from Pietsch et al. (2005).

Standing volume estimates for 1977 
taken from the fixed-area plot data, sim-
ulated angle-count sampling and model-
ling are shown in figure 2.

An indicative range of the estimate 
variability from the Difference method 
(derived from the Litschau plot 10 data) 
is shown in figure 3. More formal dis-
cussions of Difference method variance 
may be found in Palley and Horwitz 
(1961), Van Deusen (1986) and Hra-
detzky (1995).

Correction method

The Correction method developed here 
relies on the fact that the error in the 
Difference method is due mainly to the 

Fig. 2. Individual angle counts are poor estimates of stand volume. Aggregation of angle-
counts is necessary to produce a reasonable estimate of stand volume.



C.S. Eastaugh and H. Hasenauer176

(largely random) chance of new trees 
entering the sample in t2. This informa-
tion is extractable from standard angle-
count records, and so the component of 
the error that is due to this chance is to 
some extent correctable.

The error in Difference method es-
timates is strongly correlated to the 
number of new trees entering the sam-
ple in the subsequent measurement pe-
riod (Fig. 5). Although the function of 
the regression in figure 4 is drawn from 
empirical data, it is possible to estimate 
this function through determining the 
‘x’ intercept and the slope directly from 
measured data at any individual angle-
count point.

The ‘x’ intercept of the error func-
tion in figure 5 represents the point 
where the Difference method will accu-
rately estimate the stand growth (error 
= 0). This represents the point where 
the number of trees entering a sample 
between measurement periods is equal 
to the true growth increment of the 
stand. As angle-counts are an unbiased 
estimate of stand volume, this point 

may be approximated by the mean 
number of new trees entering a stand, 
averaged over either time or space 
(assuming that we average within a 
reasonably homogenous space). The 
slope of the error function matches the 
mean volume per hectare represented 
by a new tree added to the sample. 
Correcting the Difference method val-
ues involves adding or subtracting the 
estimated error derived from the error 
function, according to the number of 
new trees added.

Results

Applying the Correction method based 
only on information available from one 
point retains the mean for that point, 
but allows the variation around the 
mean for that point to be considerably 
reduced (Fig 5, compare with Fig. 3).

If, as in this example, all points may 
validly be aggregated in space, then 
less (but still some) improvement is 
gained over aggregating results from 

Fig. 3. Range of variation in increments calculated according to the Difference method.
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the Difference method (Fig. 6). Such 
aggregation however does not reduce 
the variance of single point values as 
is possible with the Correction method. 
For a 90% probability of falling with 
a confidence interval of 10%, the re-
duction in variance equates to a reduc-
tion in the number of plots needing to 

be aggregated from 19 down to 7. At 
the scale of the Austrian National For-
est Inventory, if the variance between 
points was similar to that in this case 
study, the size of aggregated sample 
units would decrease from around 71 
square kilometres to 26 square kilome-
tres.

Fig. 4. Estimation error (the increment estimated through successive angle counts using 
the difference method) is strongly correlated to the number of new trees present in 

the second sample. Data points represent estimate error for each sample point, in each 
measurement period (n=30).

Fig. 5. The correction method retains the mean increment of the data points used to 
estimate the mean n, while reducing the variance around that mean.
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Discussion

Although the example here used only 
a small number of points, the relation-
ship between the estimate error of in-
crements derived from the Difference 
method with the number of new trees 
entering a sample is clear, and may be 
seen in larger datasets (in development). 

The error behaviour of the Difference 
method is a well-known problem, and 
most forest agencies avoid it by using 
either the Starting Value method or the 
End Value method. Van Deusen et al. 
(1986) demonstrated that each of these 
three methods are theoretically unbiased 
estimators of volume increment but did 
not account for the errors that are inevi-
tably part of any forest inventory. Re-
cent work on large datasets (Eastaugh 
and Hasenauer 2011) has shown that 
the Starting Value and End Value meth-
ods introduce a positive bias into incre-
ment estimates due to the propagation 
of measurement errors. The Difference 
method is more resistant to these biases.

The Correction method outlined here 
relies on the spatial and temporal auto-
correlation that will be present among 
groups of sample points. In the simple 
example presented here spatial and 
temporal autocorrelations are weighted 
equally (through deriving the slope and 
intercept of the error function using all 
available samples), but greater improve-
ment could perhaps be obtained through 
applying different weighs to the spatial 
and temporal components, depending 
on the variance present in their respec-
tive dimensions.

Determining the population from 
which to derive the mean number of 
new trees added is a question of ho-
mogeneity. In the example above the 
5 sample points are clearly drawn from 
the same stand (being all within a 5 me-
tre radius), but some caution must be 
taken if the parameters of the correction 
function were to be drawn from a more 
diverse sample set. As the ‘x’ intercept 
represents the mean basal area incre-
ment of the stand divided by the basal 

Fig. 6. Forest growth averaged across five sample sites within a 5 metre radius, in each 
measurement period. Error bars show one standard deviation above and below the mean 

for each period.
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area factor, the mean number of trees 
should be drawn from sample popula-
tions that could be expected to show 
similar growth characteristics. These 
are however the same issues that must 
be faced when determining the appro-
priate level of stratification and aggre-
gation of uncorrected samples.

Conclusions

Errors arising from the difference meth-
od are largely systemic rather than fully 
random, and are thus partly correctable. 
The correction method developed here 
retains the same mean as groups of es-
timates made with the difference meth-
od, but removes the systemic error com-
ponent. Random error will of course still 
be apparent in results, but the reduction 
in variance allows for smaller scale ag-
gregations of angle count data to meet 
particular precision requirements.

Although this paper is not intended 
to be a formal proof of the general ap-
plicability of our proposed increment 
correction procedure, we believe that 
the corrected difference method will 
provide more precise estimates of incre-
ment from time-series of angle-count 
data than the uncorrected Difference 
method, without the biasing effects of 
currently used alternatives. An unbiased 
method with reduced variance will be a 
better basis for comparisons with proc-
ess model results.
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Abstract
The aim of this study is to evaluate the wood chips production as fuel for energy sector 

in the State Forests Enterprise of Slovak Republic logging conditions. Working operations 
of primary transport are analyzed – ground-based skidding systems that drag or carry logs 
from stump to landing, transportation of energy wood chips in containers. The main result 
of the research is the possibility to optimize the energy wood chips transportation methods 
from environmental and economical point of view. The paper deals with the knowledge and 
experience of increasing the value of less valuable wood from thinnings.

Key words: energy wood chips, wood chipper, primary transport, transportation, thinning.

Introduction

Biomass means dendro-, phyto- and 
zoo-material suitable for industrial and 
energy utilization. Biomass means also 
residue and by-products from sylvicul-
ture biomass and its processing as well 
as usable part of household organic resi-
due. Biomass, as one of the sustainable 
energy carrier, is being the resource 
with the highest potential in Slovakia.

The forest land area in Slovakia con-
tinually increases. Since 1950 the for-
est land area has increased with about 

234,840 ha (11.8%). The area of for-
est land for regeneration has also in-
creased with about 168,993 ha (9.6%) 
since 1950. The area usable for wood 
production is nowadays 1,751,200 ha, 
which is 90.7% from the whole forest 
land area. The biomass as raw material 
for the energy sector is supplied from 
forest stands as fire wood or chips. At 
present we are using more wood due to 
the higher energy consumption. Since 
2007 the forest land area has increased 
with about 840 ha and the forest land 
area for regeneration with about 649 ha 
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and has reached 1,946 thousand hec-
tares (Ministry… 2009).

The need of biomass increased in 
1980s and forestry practice was ori-
ented especially towards processing 
of crown parts throughout the whole-
tree cutting method. The development 
of suitable machines was closely con-
nected with these trends. Produced 
wood chips were used for production 
of wood pulp, agglomerated materials 
and in metallurgy. In the second half of 
1980s processing started with leftovers 
after delimbing of coniferous trees us-
ing multipurpose machines at landings. 
The result was a complex utilization of 
the biomass, where green parts of trees 
were used for animal feeding and wood-
en part for energy purposes.

Nowadays, there is a visible increase 
of interest in the utilisation of less valu-
able wood, logging residue from final 
cuts and thinnings for energy production 
in Slovakia. There is a specialized forest 
enterprise, which produces biomass for 
energy purposes in Slovakia. Its name is 
Forest Enterprise “Biomasa” in Levice, 
and it belongs directly to the State En-
terprise Forests of the Slovak Republic 
in Banská Bystrica. It has been working 
since 2004. It produced 120,000 tons 
of wood chips in 2008 and 122,000 
tons in 2009. This enterprise with sev-
en regional centres covers 90% of the 
Slovak energy demands.

In 2004 only one regional project 
really was working for supplying SES 
Tlmače with energy wood chips. A 
project for heating the Nová Dubnica 
town with energy wood chips was pre-
pared for the end of the same year. The 
project was prepared and realized by the 
Forest Enterprises in Považská Bystrica 
and Trenčín. Later on in 2005 some 

other permanent customers have been 
established in the towns Handlová, Ky-
sucké Nové Mesto, together with some 
foreign customers.

On the 1st of January 2005 a “Bio-
masa” Centre was established con-
sisting of the regional centres Levice, 
Rimavská Sobota, Trenčín, Revúca, 
Čadca, Palárikovo, Vranov nad Topľou. 
The Regional centre Rimavská Sobota 
was divided into Beňuš and Revúca in 
2008. In the same year 2005 the “Bio-
masa” Forest Enterprise (OZ Biomasa) 
was established (Olajec 2005).

Material and Methods

Basic information comes from foreign 
and Slovak literature, Green Reports – 
data from the internet and from unpub-
lished materials from the State Enterprise 
Forests of the Slovak Republic in Banská 
Bystrica (Riško 2009). Original data has 
also been obtained from the Levice 
“Biomasa” Forest Enterprise and from 
field measurements in Regional centre 
Levice. The data obtained has been 
processed, analysed and presented in 
the following chapter.

Results

Technology for preparing the wood 
for chipping

Storage of material for chipping is space 
demanding, because a work with whole 
trees, or with their crown parts is nec-
essary. The whole tree method is to be 
used – from the place of cutting up to 
landing place. Nowadays it has become 
a common practice to forward crown 
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parts from the forest stands to the land-
ing site. Skyline systems, adapted trac-
tors, skidders and harvesters are mostly 
used for preparation of wood for bio-
mass using forwarders for transportation 
of topwood and wood with diameter un-
der 7 cm (Slugeň 2009). For a successful 
production of energy chips the good syn-
chronization is important between their 
production and their transportation. 

If there are trees with stumps of bet-
ter quality at the landing, it is necessary 
to pick them up and to store them at 
special landing sites. The chips from 
chipper are loaded directly into contain-
ers on trucks and thus the following 
turns out to be effective:

–	 to use a truck with load capac-
ity of 10–12 tons for transportation of 
the chips up to 50 km;

–	 to use a truck with a trailer 
with load capacity of 20–25 tonnes for 
transportation of the chips on distances 
over 50 km.

Amounts of the chips produced at OZ 
Biomasa in 7 regional centres

As it was mentioned above, there 
are seven regional biomass centres 
in Slovakia: Levice, Trenčín, Revúca, 
Palárikovo, Beňuš, Vranov and  Čadca. 
Each of them produces biomass on the 
area of assigned Forest Enterprises. 
The amounts of biomass produced for 
each Regional “Biomasa” Centre are 
presented in Table 1.

The table shows that the highest 
volume of wood chips was produced in 
2007, followed by 2008 and 2009. It is 
necessary to state, that the differences 
are not significant.

Costs, prices, sales

The costs for production of 1 t of wood 
chips are as follows: 

–	 10–12 €.t-1 – fuels, wages of 
workers;

Table 1. Production of energy wood chips in the regional centres in the period 2007–2009.

Amount of biomass produced, t 
Activity Centre 

2007 2008 2009 

RC Levice 20,731.38 17,659.78 17,156.50 

RC Trenčín 15,145.76 14,921.29 16,545.74 

RC Beňuš 19,153.79 20,378.90 17,540.44 

RC Revúca 21,484.71 20,378.05 18,002.13 

RC Vranov 16,378.90 16,507.53 20,340.87 

RC Čadca 20,228.20 14,151.88 17,664.34 

RC Palárikovo 17,166.18 18,211.81 15,765.52 

Biomass 
production 

Total 130,288.92 122,209.34 123,015.64 
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–	 5 €.t-1 – overhead costs (wages 
of the managers);

–	 18 €.t-1 – average price for pur-
chasing wood for chipping.

Transportation costs: 
–	 up to 50 km, the costs are 0.22 

€.km-1.t-1 (usually Tatra 6x6 chiptruck, 
with capacity 10 t of chips);

–	 over 50 km, the costs are 0.084 
€.km-1.t-1 (transportation with trucks 
equipped with chiptrailers, 20–25 t of 
chips).

Average costs for production of 1 t 
of wood chips are about 35–40 €, ac-
cording to conditions.

Raw wood for chipping is purchased 
from the State Forest Enterprise, based 
in Banská Bystrica (98% of volume), 
and from the private sector (2%). The 
price of the chips depends on their 
state, moisture content (dry wood bio-
mass, warm wood biomass and partially 
dried) and on their quality (the amount 
of smallwood in the prepared wood).

The chips of the best quality are pro-
duced from wood biomass with small-
wood content up to 40% and they have 
also the best prices on the market. If 
the smallwood content is between 41–
60%, the produced chips are of medium 
quality and finally, the chips from wood 
with smallwood content over 61% are 
of the worst quality and they have the 
lowest price on the market. A summary 
of the total revenues and costs in OZ 
Biomasa can be seen in Fig. 1.

Perspectives of development 
and processing of the biomass

Wood biomass is a  valuable raw 
material of environmental friendly 
energy. The biomass energy comes 
from the sun and the world production 
is around 2.1014 kg, what represent 90 
TW of energy. Biomass means mainly 
wood, but also hedgeways and energy 
plantations. Biomass has been used as a 

Fig. 1. Development of the total revenues and costs in the branch Company “OZ Biomasa” 
in the period 2005–2009 (Riško 2009).
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fuel for thousands of years worldwide. 
However, present technologies allow us 
to use biomass a lot more effectively 
and in larger volumes.

The utilization of wood biomass is 
perspective in Slovakia because in many 
cases (e.g. the woody debris) is used 
as an energy raw material, which would 
otherwise be valueless. There are hec-
tares of useless and abandoned agricul-
tural land, where a local carrier of ener-
gy could be grown. This resource does 
not pollute the air or increase the global 
warming and its transportation would 
be cheaper, because this source is local.

Strengths and weaknesses of bio-
mass utilization:

-	 a local source of energy: does 
not require inefficient transport, the 
price does not depend on the supplier 
monopoly, the international market 
trends and it is easier predictable;

-	 money stays at the regional 
level and this means a local economy 
stimulation, creating new work oppor-
tunities (in general rural development);

-	 it is a sustainable carrier of en-
ergy;

-	 forest debris utilization;
-	 biomass decreases CO2 produc-

tion;
-	 biomass utilization contributes 

to a decentralization.
Biomass utilization has also some 

weaknesses, for example the energy 
plantations (short-rotation forests), 
which could be established as mono-
cultures, could have negative impact 
to the environment. From an economi-
cal point of view, an analysis has to be 
made whether  the outputs are higher 
than the inputs in Slovakia.

Biomass is a valuable substitution 
of fossil fuels. Dried wood is compara-

ble to the calorific value of brown coal, 
which has been the basic energy carrier 
source in Slovakia but it is sulphur free.

Biogas contains approximately 70% 
natural gas energy.

Biomass is a key sustainable energy 
carrier for both small and large tech-
nological units. Nowadays 14% of the 
world energy requirements are covered 
by biomass energy. However, for three 
quarters of the world population, which 
is primary from the third world coun-
tries, biomass is the main fuel source. 
On average, the percentage of biomass 
energy consumption is about 38% (in 
some countries 90%). Therefore we 
can suppose the world population will 
increase and the fossil fuel reserves will 
decrease, the significance of biomass 
will become more important and de-
manded (Chovan 2010).

Biomass is also a valuable energy 
carrier in the developed countries. In 
Sweden (27%), Latvia (26%), Finland 
(25%) or Austria the percentage of 
biomass energy consumption is more 
than 15%, in Slovakia is less than 10% 
(European... 2010). There are plans to 
marginally increase the percentage of 
biomass utilization in Sweden in order 
to substitute nuclear energy. In USA the 
percentage of biomass utilization as a 
primary energy source is about 4% (the 
same as for the nuclear energy). The 
biomass which would be produced on 
agricultural land could substitute nu-
clear energy in the future, without con-
sequences for the price of agricultural 
plants. The biomass used for ethanol 
production could substitute 50% of the 
imported oil.

This contribution is a result of the 
implementation of the project: Centre 
of Excellence „Adaptive Forest Eco-
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systems“,  ITMS: 26220120006, sup-
ported by the Research & Development 
Operational Programme funded by the 
ERDF.
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Abstract
An environmental estimation is made of regenerative cuts in mountain beech (Fagus 

sylvatica L.) stands, based on a motormanual prime processing and transportation by wheel 
cable skidders. After the mechanized regenerative cuts, about one-third of the residual trees 
are damaged, fortunately most of them superficially. Predominantly the tree roots and stems 
are damaged. Inside the stands, the number of damaged trees is smaller, whereas around 
the skid roads almost half of the trees are damaged. In the first case, the residual trees are 
damaged by the felled trees (mainly higher than the first 1 m of the stem). In the second 
case the damages are caused by the skidded stems. The results show that the percentage 
of damaged understorey is about 16.89%, iсncluding 80% of it recoverable. To reduce tree 
damages along the skid roads and especially those along the curves, it is advisable to use 
some protective devices for prevention. To minimize the damages on the understorey it is 
necessary to use protective X-devices, diverting rollers and cones on the front of the logs. 
It is advisable to improve the professional skills of the loggers and to introduce effective 
stimulations for environmentally-sound logging operations.

Key words: regenerative cuts, motormanual prime processing, wheel skidder, damages, residual 
stand.

Introduction

The negative impact of regenerative 
motormanual cuts on forests is focused 
on 3 directions: damages on the resid-
ual trees, damages on the understorey, 
and forest soil compaction. For our 
forests the effects mentioned above 
are extremely unfavorable, because of 
the protective function and mountain-
ous location of the major part of the 
Bulgarian forests. The number and size 

of damages caused by logging opera-
tions depend on the tree species, age, 
season, type and cutting intensity, lo-
cation, logging technology and system 
of machines. The timber harvested in 
Bulgaria is extracted predominantely by 
wheel tractors. The choice of proper 
logging technology according to cer-
tain natural and productive conditions 
is made by comparative analysis based 
on economic as well as environmental 
criteria.
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The aim of the present study is to 
make an environmental estimation of 
mechanized logging technologies for re-
generative cuts in order to find out the 
reasons for damages and the ways to 
reduce their impact on wood quality.

Background

Despite the increased understand-
ing of environmentally-sound logging, 
the number of studies in this field is 
limited. The problems are discussed 
not very carefully and studies cited 
are from countries with different log-
ging technologies (Baev et al. 1985, 
Mateev et al. 1986). According to 
many authors cited by Schütz (1990), 
33% of the residual stands have dam-
ages greater than 10 cm2 after thin-
nings in Switzerland and that leads 
to a danger of wood destruction. The 
Scandinavian authors (Saarilahti 1999, 
2000, 2003; Wästerlund 1994) report 
mainly about the damages caused by 
the interaction between tractor wheels 
and forest soils during cut-to-length 
(CTL) logging operations. The share of 
damaged trees in Czech Republic us-
ing CTL technologies and system of 
machines ranges between 1.50 and 
2.38% (Dvořák 2005). According to 
Ferenčik et al. (2008) the negative ef-
fect of the CTL technology in Slovakia 
is expressed as tree damages (not 
heigher than 1 m) of 25% of the re-
sidual stands on the average. A com-
parative study between motormanual 
and fully mechanized logging concern-
ing the size of residual stand damages, 
made by Košir (2008), shows that in 
the first case the number of damaged 
trees is greater and later on these dam-
ages make the stand structure worse.

In Bulgaria Dinev (2003) studied the 
effect of different thinning technologies 
on the damages of residual stands. To 
reduce stand damages and facilitate tim-
ber extraction, proper felling directions 
must be kept, consistent with skid roads. 
On areas with high tree stand density, a 
crosscutting of stems into stem sections 
is recommended, although that the tech-
nology is being modified. The skid roads 
must be with proper width and suitable 
curves, consistent with the stem length. 
The use of protective devices for residu-
al trees along the road curves is recom-
mended for reducing the damages (Geor-
giev and Stoilov 2007).

We could conclude that the effect of 
different logging technologies and ma-
chines on residual stands in the mod-
ern logging practice in Bulgaria is a live 
question. 

Objects and Methods

Damages were classified by their depth 
(superficial and deep), as well as by 
their location on the stems (root, stem 
or both root and stem) (Meng 1978). 
The aim was to find out the cause of 
damages – fallen trees, skidder equip-
ment or tree load, as well as unsuitable 
curves or width of skid roads. The un-
derstorey damages were classified as 
bended, raw and broken (i.e. irretriev-
able damages).

In the Petrohan Training and Experi-
mental Forestry Enterprise at the Uni-
versity of Forestry, located in the West 
Balkan Mountains, six test areas (TA) 
in two compartments were marked. 
The skidding operations were made by 
means of a LKT-81Т double drum wheel 
cable skidder.
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TA1 (compartment No 94, area 
0.4875 ha) and TA2 (subcompartment 
No 19b, area 0.1407 ha) were intended 
for estimating the damages inside the 
residual stands. TA3 (compartment No 
94, length of 130 m) and TA4 (sub-
compartment No 19b, 65 m long) were 
strips of the trees located at 1 m spac-
ing along the skid roads (the latter 4 
m wide) intended to specify damages 
caused by skidding. TA5 and TA6 with 
areas of 24 m2 and 14 m2 respectively, 
were located in compartment No 94 
and were intended for determining un-
derstorey damages. In subcompartment 
No 19b no natural regeneration was ob-
served.

Results and Discussion

The data analysis of test areas shows 
that 93 out of 305 remaining trees (i.e. 
30.49%) were damaged during the re-
generative cuts (see Fig. 1). The injuries 

of 28 damaged trees (30.11%) were 
deep (under bark). On TA2 two of the 
damaged trees were broken at a height 
of 5 m and 6 m respectively, and a third 
tree was partly uprooted and bent. The 
most damaged trees were at 1 m dis-
tance along the skid roads: on TA3 that 
were 63.33% of all the trees, and on 
TA4 – 35.14%.

Root damages 

The share of trees with damaged roots 
in the residual stands of the studied 
test areas is large – 34.41%. The di-
mensions of tree damages in cm2 are 
shown in Fig. 2. On TA1 root damag-
es with areas over 100 cm2 (46.15%) 
were prevailing. Damages with areas 
smaller than 10 cm2 were not found. 
The damages were caused by trees ex-
tracted by the skidder winch as well 
as by other skidder equipment. All root 
damages on TA2 were with areas over 
100 cm2 and were also caused by ex-

Fig. 1. Total number of trees and number of the damaged ones.
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tracted trees and the skidder equip-
ment. Generally, inside the stands (TA1 
and TA2) large size damages prevailed.

The share of root damages along the 
skid roads was very large: on TA3 and 
TA4 the damages with areas over 100 
cm2 (83.33%) were prevailing. Here the 
root damages were caused by the skidded 
long stems, especially along the curves.

The summary for both of the stud-
ied stands shows that the percentage of 
root damages of the residual trees over 
100 cm2 is the largest – 68.75%. In 
both of the stands the roots of 32 out of 
305 residual trees (10.49%) were dam-
aged, i.e. every tenth tree.

Stem damages

The distribution of stem damages by 
height is shown in Fig. 3. If damages 
are caused by the skidder equipment 
during the bunching of wood materials 
we could assume that they were up to 
1 m above the ground surface, where-

as the damages higher than 1 m were 
caused by the trees felled nearby.

On TA1 nearly 2/3 of the stem dam-
ages were located up to a height of 1 m, 
therefore they were caused by the arch 
and the cable winch, as well as by the 
extracted stem sections. All the rest of 
the damages were caused by wrong fell-
ing directions, respectively by the thick 
branches and stems of felled trees in that 
case. Inside both of the stands (i.e. on 
TA1 and TA2) on the average 46.35% 
of stem damages lower than 1 m were 
caused by stem sections extracted to 
the skidder and the skidder equipment, 
whereas 53.65% of the damages were 
caused by the felled trees.

The distribution of stem damages by 
area is shown in Fig. 4. If we classify the 
damages into two groups – up to 500 
cm2 and over 500 cm2, the first group 
includes 87.5% of the damages on TA1 
and only 36% of these on TA2. There-
fore, the damages on the residual trees on 
TA2 were more serious and the stand was 

Fig. 2. Distribution of root damages by area.
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in danger. Generally, the areas of damag-
es on TA1 and TA2 were approximately 
equally distributed in the ranges 0–100 
cm2, 100–500 cm2 and 500–1000 cm2, 
whereas the damages with areas over 
1000 cm2 were not numerous – 17.07%.

Concurrent root and stem damages 

The distribution of that type of damag-
es is illustrated in Fig. 5. On TA2 there 
were no concurrent root and stem dam-
ages.

Fig. 3. Distribution of stem damages by height.
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On TA1 66.67% of the damages at 
a height lower than 1 m were caused by 
the skidder equipment and the bunched 
stem sections, whereas 16.67% of 
them were caused by the felled trees. 
The most numerous concurrent root and 
stem damages of the residual stands on 
TA3 and TA4 were at a height of 0.5–
1.0 m – 60%, whereas these at heights 
of 0–0.5 m and 1–2 m were relatively 
equally distributed – 20% each group. 
The damages were entirely caused by 
the skidded stem sections.

It is seen from Fig. 6, that large 
damages prevail, therefore the health 
of trees is in danger. On TA1 50% of 
the damages were with areas of 500–
1000 cm2 and there were no damages 
larger than 1000 cm2. On TA2 no con-
current root and stem damages were 
found. Along the skid roads, damages 
with areas of 500–1000 cm2 dominated 
(42.86%), followed by these over 1000 
cm2 (28.57%).

Understorey damages

Results show that on TA5 and TA6 
16.89% of the understorey was dam-
aged. Fortunately, the greatest part of 
the damaged understorey (80%) was 
raw, i.e. recoverable, while the rest was 
broken (see Fig. 7). As mentioned pre-
viously, in subcompartment 19b there 
was no natural regeneration and test ar-
eas were not placed there.

Conclusions

After the regenerative cuts in the studied 
stands 30.49% of the residual stands 
were damaged, fortunately 69.89% of 
them – injured superficially. The dam-
aged residual trees in both of the stands 
were distributed by parts of tree as fol-
lows: root damages – 34.41%, stems 
damages – 44.09%, and concurrent 
root and stem damages – 21.5%. Inside 
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the stands the damaged trees were 
25.94%, 75.60% out of which – su-
perficially.

The most numerous damages were 
the stem damages – 70.93%, followed 

by the root damages – 20.5% and the 
concurrent root and stem damages – 
8.57%.

During the transportation the semi-
suspended stem sections injured almost 
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Fig. 7. Distribution of the understorey damages.
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half of residual trees along the skid 
roads (47.76%), 59.38% of them – su-
perficially and 40.63% – deeply. The 
damages were predominately root dam-
ages (56.25%), the rest (43.75%) were 
concurrent root and stem damages.

Inside the stands, 50% of the root 
damages were with areas over 100 cm2, 
whereas along the skid roads – 83.33% 
were larger than 100 cm2. In the first 
case the damages were caused by the 
stem sections during the bunching, in 
the second case – by the load during the 
skidding to the landing. The tree stem 
damages were mainly at a height over 1 
m (53.66%) and with areas over 1000 
cm2 (56.10%). These damages were 
located only inside the stands and they 
were caused by unproperly directed felled 
trees which interlaced with the residual 
trees. This additionally increased the tree 
stem damages within the final prostration 
of the trees and lead to critical situations 
concerning the logger safety.

The concurrent root and stem damag-
es inside the stands were predominately 
with areas of 500–1000 cm2 (50%) 
and at a height of 0.5–1 m (66.67%), 
whereas along the skid roads damages 
of over 500 cm2 (71.43%) and at a 
height up to 1 m (78.67%) were pre-
vailing. In the first case as mentioned 
above the damages were caused by the 
bunching and in the second case – by 
the skidded loads.

The damaged understorey saplings 
were 16.89% of the total, 20% of 
which being broken and the rest – re-
coverable.

Therefore, significant damages on 
the residual trees and the understorey in 
the studied stands were caused by the 
skidded stems. To reduce stand dam-
ages, an adequate felling direction is 

required, consistent with the skid roads 
and a proper bunching direction as 
well. In high density stands some cut-
ting of the long stems is recommended 
that means certain changes of the log-
ging technology. To reduce tree dam-
ages along the skid roads and especially 
those along the curves it is advisable to 
use some protective devices for preven-
tion. To reduce the understorey and soil 
damages it is necessary to use protec-
tive cones on the front part of the logs.
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Abstract
In this paper an experimental study is exposed which has been conducted for determin-

ing the angles and the friction coefficients of seeds of some coniferous tree species. These 
parameters are used in the design and construction stages of forest planters and seeding 
machinery. These parameters can also be applied in the technological research of many 
forestry processes such as: dewinging, cleaning, sorting, seeds sowing etc. The object of 
research are seeds of some of the main coniferous tree species which are a subject of eco-
nomic activity in our country – Scots pine (Pinus sylvestris L.), Black pine (Pinus nigra Arn.), 
Norway spruce (Picea abies Karst.) and Macedonian pine (Pinus peuce Griseb.). As a result 
of this study, the angle parameters and the friction coefficients of the studied seeds have 
been established. Results can be used in the design of forestry machinery and in the research 
of technological processes connected to the movement and processing of seeds.

Key words: friction coefficients, Pinus silvestris, Pinus nigra, Picea abies, seeds.

Introduction

The technological properties of forest 
seeds and their mixtures are the basis 
for design of seed production and forest-
ry machines. The production of conifer 
tree seeds requires a longer production 
process, in which specialized machin-
ery is used. This requires knowledge of 
the characteristics and properties of the 
seed material obtained in Bulgaria.

During the process of movement of 
seeds and mixtures friction occurs in the 
working bodies of the machinery. The 
amount of friction depends on the friction 
properties of these materials. The objec-

tive indicators to measure this friction 
are the angle of friction on the machin-
ery surface and the angle of repose. The 
friction coefficients for determining the 
structural and technological parameters 
of the machinery and processes are a 
function of these indicators. The friction 
coefficients on the machinery surface are 
used to determine the parameters of hop-
per-, feeder- and transporting equipment, 
for calculating the resistance and produc-
tivity of the process etc. The coefficients 
of internal friction of the seed materials, 
expressed by the angle of repose, serve 
to determine the type of sowing devices, 
the filling devices’ parameters, the forces 
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of friction between seeds in the process 
of their treatment etc.

In our country there are studies on 
the technological properties of seed 
materials from the main coniferous 
species (Vasilev 1964; Marinov 1996, 
2007). In regard to the friction coef-
ficients these studies lack information 
or this information is insufficient. Re-
sults, regarding the friction coefficients 
of forest seeds on various surfaces, re-
ferring to local tree species, are known 
to us from foreign sources (Sviridov 
1987).

It can be deducted from the litera-
ture and analysis reference, that the 
study of angle and friction coefficients 
of seeds and mixtures of the major part 
of our country’s coniferous species, 
presents a particular interest with a sci-
entific and practical character.

The aim of this work is to study and 
determine the friction coefficients of 
seeds and mixtures of the main conifers 
in Bulgaria.

Tasks of the study. The following main 
tasks must be solved in order to achieve 
the target:

1. Determining the friction angle of 
seeds and mixtures on a smooth steel 
surface;

2. Determining the angles of repose 
and the coefficients of internal friction of 
the seed materials.

The object of the study are seed 
materials from Scots pine, black pine, 
Norway spruce and Macedonian pine 
from the region of the Western Rho-
dopes, Rila, Pirin and Osogovo moun-
tains.

The subject of the study is the an-
gles of friction of seeds with wings, pure 
seeds and technological seed mixtures, 

pounded wings and impurities in dewing-
ing machines.

Material and Methods

The test materials are provided by the 
state forestry seed stations in the towns 
of Razlog and Samokov. The study 
has been conducted at the laboratory 
“Forestry machines” at the Department 
of Technology and Mechanization in 
Forestry at the University of Forestry in 
Sofia. The study materials are derived 
from seed crops and seed production 
orchards in the Western Rhodopes, Rila, 
Pirin and Osogovo mountains. The Scots 
pine and the Norway spruce are from the 
territory of the state forestry stations 
in the towns of Razlog, Blagoevgrad, 
Garmen, Mesta, Samokov and Yakoruda, 
the black pine – from Osogovo, Simitli, 
Razlog and Katuntsi and the Macedonian 
pine is from Razlog, Gotse Delchev and 
Yakoruda.

The humidity of seeds during the 
testing is maintained between 8–10%, 
same as in the machinery rooms and 
the seed storage rooms. The studied 
samples are compiled through the sep-
aration of samples from different lots, 
in accordance with the methods and 
means, provided by the state stand-
ard and international regulations (BSS 
1999, ЕN ISO 8402 1996, ISO 3534-1 
1996). The humidity is determined by 
an analytical method using a thermo-
static desiccator (BSS 1999). The tests 
are conducted with winged and de-
winged seeds, technological mixtures 
and impurities in the dewingers.

The friction coefficients on a metal 
surface are defined by the friction an-
gle of the test materials on an inclined 
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surface (Nartov et al. 1981, Sviridov 
1987). A special device with a mo-
bile arm, with an attached steel plate, 
has been used for this purpose. The 
test samples are being placed on that 
plate and thus, the elevation angle of 
the arm, where the particles at rest be-
gin to move, is being determined. The 
friction angle of the test samples on a 
metal surface is determined by the size 
of this angle. The friction coefficient is 
expressed by the formula:

αtgf = 			   (1),
where α is the friction angle.
The angles and coefficients of internal 

friction of the test materials are defined 
by their angle of repose with the horizon-
tal surface. In order to determine this an-
gle of repose, one of the accepted prac-
tice devices is used (Nartov et al. 1981). 
A funnel, which is mounted on a stand, is 
used for this purpose. The test materials 
are poured into the funnel on a horizontal 
plane. Thus a bulk figure is formed which 
has the shape of a cone, the forming wall 
of which concludes with the horizontal 
plane an angle, equal to the angle of re-
pose. The angle of repose is determined 
with stilts. The coefficient of internal fric-
tion is expressed by the formula:

ϕµ tg= 			   (2),
where φ is the angle of repose.

The friction angles and the repose 
are determined by an optical universal 
octant „Carl Zeiss Jena“ with an accu-
racy of 0.5 degrees.

Results and Discussion

Between 150 and 220 samples from 
each of the 22 studied groups are used 
in the tests. Results from the measure-
ments are processed by the Descriptive 
Statistics methods. Calculations are 
made using the computer program 
“Statistika 7” from StatSoft. The re-
sults are subjected to a statistical 
verification and analysis in accordance 
with the mathematical models and 
modus (Tasev 2010). The more impor-
tant numerical characteristics are pre-
sented in a tabular form. With respect 
to the angle of repose of seeds and 
technological mixtures, these charac-
teristics are presented in Table 1 and 2 
and the characteristics of the angle of 
friction on a metal surface of winged 
and de-winged seeds and technological 
mixtures of seeds and impurities – in 
Table 3.

Histograms and curves of distribu-
tion of the random variables are drawn 
based on the obtained data. They are 
presented in a graphic form on Fig. 1–7.

Table 1. Angle of repose of pure (dewinged) seeds.

Seeds Mean 

X 

Med. 

Me 

Mode 

Mo 

Min 

Xmin 

Max 

Xmax 

Std. Dev. 

S 

Coef. Var.

V, % 

Skewness 

Ka 

Kurtosis 

Ke 

Scots pine, φ 29.70 29.50 29.50 27.00 32.00 0.8783 2.9569 -0.2440 0.6006 

Norway spruce, φ 33.15 33.00 33.00 30.50 35.50 1.0245 3.0906 -0.1149 -0.4025 

Black pine, φ  26.48 26.50 26.5 24.00 29.00 0.9799 3.7008 -0.0955 -0.2221 

Macedonian pine, φ 28.04 28.00 28.00 25.50 30.50 0.9539 3.4017 -0.0110 -0.1978 
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Table 2. Angle of repose of technological seed mixture in dewinger.

Technological seed 
mixture 

Mean 
X 

Med. 
Me 

Mode 
Mo 

Min 
Xmin 

Max 
Xmax 

Std. Dev.
S 

Coef. Var. 
V, % 

Skewness 
Ka 

Kurtosis 
Ke 

Scots pine, φ 42.95 43.00 Multiple 38.00 49.00 1.8938 4.4093 0.5605 0.1776 

Norway spruce, φ 48.43 48.00 48.00 44.00 53.00 1.4654 3.0255 -0.0071 0.1724 

Black pine, φ 37.32 37.25 37.00 32.00 43.00 1.7704 4.7443 0.2319 0.3841 

Macedonian pine, φ 41.52 41.50 41.50 37.50 46.00 1.4548 3.5040 0.2891 0.5759 

Impurities, φ 56.74 56.50 56.50 54.00 60.00 1.0688 1.8840 0.3002 0.2059 

Table 3. Angle of friction on steel surface of seeds with wings, pure (dewinged) 
seeds and technological seed mixture and impurities in dewingers.

Seed materials 
Mean 

X 
Med. 
Me 

Mode 
Mo 

min 
Xmin 

max 
Xmax 

Std. Dev.
S 

Coef. Var. 
V, % 

Skewness
Ka 

Kurtosis 
Ke 

Scots pine – seeds 
with wings, α 29.65 29.50 30.00 27.00 32.00 0.8920 3.0080 -0.1352 0.3931 

Scots pine – pure 
seeds, α 24.65 24.50 24.50 22.00 27.50 0.9070 3.6799 0.0276 0.8046 

Scots pine – tech. 
seed mixture, α 27.57 28.00 28.00 24.00 31.00 1.2994 4.7137 -0.1417 0.0529 

Norway spruce – 
seeds with wings, 
α 

36.11 36.00 36.00 33.50 38.50 0.8723 2.4154 -0.1996 0.3628 

Norway spruce – 
pure seeds, α 30.61 30.50 30.50 28.00 33.00 0.8835 2.8858 -0.0940 0.5205 

Norway spruce –
tech. seed 
mixture, α 

33.50 33.00 33.00 30.00 37.00 1.3357 3.9867 0.1255 0.2477 

Black pine – 
seeds with 
wings, α 

28.02 28.00 28.00 25.50 30.50 0.8419 3.0052 -0.1777 0.4007 

Black pine – pure 
seeds, α 22.58 22.50 22.50 20.00 25.00 0.8040 3.5608 -0.3038 0.9157 

Black pine – tech. 
seed mixture, α 26.42 26.00 27.00 23.00 30.00 1.3858 5.2453 -0.1199 -0.1531

Macedonian pine 
– seeds with 
wings, α 

25.70 25.50 25.50 23.00 28.50 0.8340 3.2452 -0.1195 1.2742 

Macedonian pine 
– pure seeds, α 20.65 20.50 21.00 18.00 23.00 0.7770 3.7623 -0.3502 1.1780 

Macedonian pine 
– tech. seed 
mixture, α 

24.39 24.00 24.00 21.00 28.00 1.3314 5.4581 -0.1024 0.0119 

Impurities, α 34.61 35.00 35.00 31.00 38.00 1.2430 3.5907 0.0211 0.0719 
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The friction angles and the re-
pose are indicated on the X-axis 
and the number of the objects 
(samples) is indicated on the Y-ax-
is. The respective curve of the nor-
mal distribution is drawn for each 
of the studied groups. Using the 
graphical-analytical method, dif-
ferent levels can be determined by 
these graphs, when there are some 
set restrictive conditions.

A verification has been made 
for determining the type of distri-
bution of the angles of friction in 
accordance with the known laws 
of distribution of random vari-
ables. The verification showed 
that for all studied cases, the es-
timated coefficients of variation 
with respect to Table 1, 2 and 
3, are less than 0.3 or V <30%. 
This gives us grounds to assume 
that the studied variables have 
a normal (Gaussian) distribution 
(Tasev 2010). From the obtained 
average values of friction angles, 
in accordance with formulas (1) 
and (2), the average values of 
respective coefficients of fric-
tion of the studied seed materi-
als have been also defined. The 
coefficients of friction on a steel 
surface are presented in Table 4 
and the coefficients of internal 
friction – in Table 5.

In determining the geometrical 
parameters of the hopper – and 
feeder devices of the machinery it 
is appropriate to use the maximum 
values of the angles of friction and 
repose, Xmax from Table 1, 2 and 
3. This will ensure the full fluxion 
of the materials into the devices 
with gravitational power. 

Fig. 3. Histograms of angle of friction of Black 
pine (Pinus nigra) seeds.

Fig. 1. Histograms of angle of friction of Scots 
pine (Pinus sylvestris) seeds.

Fig. 2. Histograms of angle of friction of Norway 
spruce (Picea abies) seeds.

Fig. 4. Histograms of angle of friction of 
Macedonian pine (Pinus peuce) seeds.
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The angle of repose of the 
seeds with wings for all the 
four tree species is greater 
than 70º, which assigns 
them to the group of non-
fluxion (plastic) bulk materi-
als. When working with such 
seeds it is necessary the hop-
per devices of the machines 
to be fitted with a mecha-
nism for coercive filling.

The technological mixtures 
in the dewingers include main-
ly seeds from the processed 
lots that are between 65–75% 
of the total weight, pounded 
wings – about 20–30% and 
needles and cone scales – 
less than 5%. To determine 
the geometrical parameters 
of these machines, the aver-
age values of friction angles 
are used and for determining 
the parameters of the process 
their friction coefficients are 
mainly used.

The angles of repose and 
friction of the pure seeds are 
used for the design of hopper 
devices, sowing devices and 
seed tubes for forest seed-
ers. The friction coefficients, 
obtained as average values 
of these angles, are used for 
determining the technological 
and production parameters of 
the sowing process.

The group of impurities 
is formed by the technologi-
cal mixture in the dewingers 
while the pure seeds are separated, i.e. 
this group includes pounded wings, nee-
dles and cone particles. Because of the 
fact that the differences in the angular 

parameters are very small for the differ-
ent tree species, the tables show their 
average values. The friction coefficients 
of this group are mainly used in the cal-
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Fig. 6. Histograms of angle of repose of technological 
seed mixture and impurities.

Fig. 5. Histograms of angle of repose of pure 
(dewinged) seeds.

Fig. 7. Histograms of angle of repose of technological 
seed mixture.
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culation and design of some seed clean-
ing machines and pneumatic transport 
systems.

Conclusions

This study has a scientific hand a practi-
cal character. Thanks to this study the 
existing knowledge on the physical-me-
chanical and technological properties of 
seed materials from our main coniferous 
species have been enriched and further 
developed. The following main results 
of this study can be pointed out:

1. The friction angles and coeffi-
cients of the studied seed materials on 
a smooth steel surface are determined; 

2. The angles of repose and coeffi-
cients of internal friction of pure seeds 
and technological mixtures in the dew-
ingers are determined;

3. The type of distribution and the 
numerical characteristics of the angular 
parameters of the studied seed materi-
als as random variables with a normal 
distribution law are determined.

The results are intended for research 
in the field of forest seed production 
and the sowing process. Seed cleaning 
machines, dewingers, transporting and 
sowing machines can be designed and 
constructed with the help of these re-
sults. They also define some technologi-
cal parameters of the processes in the 
respective area of application.
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Abstract
Rapid growth is one of the most valuable characteristics of Douglas fir. In order to make 

the best use of this feature of its, it is necessary to investigate the growth characteristics 
of this tree species at level population. The objective of this research is to contribute in 
identifying promising provenances of Douglas fir in the experimental plantation in Konyavska 
Mountain. In order to attain the above objective methodologies for establishment and as-
sessment of provenance experiments, early tests and statistics were applied. The average 
values for height of the trees for a period of five consecutive years: 5, 6, 7, 8 and nine as 
well as the current height increment for four years for each provenance in the trial planta-
tion established with provenances from the states of Oregon, Washington, Arizona and New 
Mexico in State Forest Service Kyustendil were estimated. Based on data about the sums 
of precipitation and air temperature, drought and semi-drought periods were determined for 
corresponding years. The provenances are determined as promising if they meet the follow-
ing two conditions: to be at the top of classification according to reached height and current 
increment in height, and to be of current increment in height influenced by the duration of 
dry and semi-dry periods to the least extent.

Key words: provenance experiment, height growth, current increment, drought resistance.

Introduction

Rapid growth is one of the most valu-
able characteristics of Douglas fir. In or-
der to make the best use of this feature 
of its, it is necessary to investigate the 
growth characteristics of this fir at level 
population.

Experiments for testing different Doug-
las fir provenances began in the native 
land of this species as early as in 1912 

(Morris 1934), and these go on even to-
day in all countries it has been introduced 
in (Kleinschmit and Bastien 1992).

This article reveals the investigated 
main quantitative growth characteris-
tics of Douglas fir, namely: heights of 
5-, 6-, 7-, 8- and nine-year-old seedlings 
and current increment in height of 6-, 
7-, 8- and nine-year-old seedlings.

The two main objectives of this work 
are as follows:
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1. Assessing the provenances in 
terms of their growth and current incre-
ment in height;

2. Determining the provenances 
whose current increment in height has 
been affected to the least extent by the 
duration of dry and semi-dry periods.

Materials and Methods 

The trial provenance plantation es-
tablished in Kyustendil State Forestry 
in the spring of 1990 is the object of 
the present investigation. The planta-
tion contains provenances from 20 
seed zones in the states of Oregon, 
Washington, Arizona and New Mexico. 
Detailed data on the latitudes, and lon-
gitudes of the provenances, as well as 
their altitudes, were published in 1990 
(Popov 1990). The provenance trials 
were in accordance with the methods 
that Lines developed in 1967.

The plantation was established while 
using square spacing of 2-metre inter-
vals between each two seedlings. The 
trial was in two replications. Each ex-
periment plot had sizes of 16 to 16 me-
ters. The height of each seedling was 
measured with precision of 2 cm for 
five consecutive years. Thirty-six seed-
lings were measured as an average for 
each replication. Methods of descriptive 
statistics and one-way analysis of vari-
ances were used for finding the seed-
ling height and the current increment in 
height. The reliability of the group com-
parison methods by Fisher, Bonferroni, 
Scheffe, Duncan and Tukey (Dowdy 
and Wearden 1983) was checked in 
view of determining the significance of 
the differences between the average 
values of seedling heights and current 

increment in heights. Rank correlation 
analysis was used for finding the sta-
bility of the seedling current growth in 
height. Graph analysis and rank correla-
tion analysis were used for finding the 
relationships between the current incre-
ment in seedling height and the duration 
of the dry and semi-dry periods.

The mean monthly and annual tem-
peratures of the air were taken from the 
reference book of Moralyiski (1986), 
and the monthly and annual sums of 
precipitation – from the book of Koleva 
and Peneva (1990) about the meteoro-
logical stations in Bulgaria; I have used 
the data about Kyustendil Meteorologi-
cal Station, as it is the nearest to the 
trial plantation.

Walter’s (1972) methods were used 
for determining the duration of the dry 
and semi-dry periods. I have used two 
curves expressing the rates of month-
ly precipitation sums. These sums are 
presented for Curve 1 on the right or-
dinate scale in such a way that 20 mm 
of precipitation correspond to 10°C 
on the left ordinate scale. For Curve 
2, the monthly precipitation sums are 
presented in bold also on the right or-
dinate scale in such a way that 30 mm 
of precipitation correspond to 10°C on 
the left ordinate scale. The duration of 
dry periods, when there were such, is 
presented graphically in the diagrams, 
(Walter has called them ‘ecological dia-
grams’.) Dry are the periods, presented 
on the abscise scale. For these periods, 
the curve that expresses the rates of 
the mean monthly temperatures passes 
above Curve 1. Semi-dry are the peri-
ods presented on the abscise scale, and 
the curve that expresses the rates of 
the mean monthly temperatures passes 
above Curve 2.
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Results and Discussion

Growth in height is one of the main 
quantitative characteristics that are 
used for finding the productivity and 
often viability of plants while testing 
various tree species, provenances and 
progenies. For the heights and current 
increments of seedlings of all the inves-
tigated provenances, the following val-
ues were found in cm: arithmetic mean 

(×), standard deviation (σ), and stand-
ard error (α). The check of the preci-
sion of all mean values met the preci-
sion criterion of such investigations p 
≤5%. The generalized results are pre-
sented in Figures 1 and 2. Analyses of 
variances were made for the reached 
heights and current increment in height 
of the trees.

Group comparisons in which Fish-
er test (after Dowdy and Wearden) 
was used made it possible to deter-
mine 14 good provenances as fol-
lows: No 4 Newhalem, No 31 Idanha, 
No 5 Newhalem, No 20 Parkdale, No 
7 Darrington, No 8 Darrington, No 11 
Bremerton, No 6 Darrington, No 9 Mon-
roe, No 34 Toledo, No 29 Idanha, No 
43 Oakridge, No 12 Moclips и No 10 
Bremerton. These provenances were 
subdivided according to Fisher’s test 
into four homogenous groups. The aver-
age height of each of these provenanc-
es exceeds by 10% the average for the 

whole trial plantation, i.e. (× + 10% = 
254.2 cm). Four of these 14 provenanc-
es have average heights each exceed-
ing average height for the plantation by 

20%, i.e. (× + 20% = 277.3 cm). Ac-
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Fig. 1. Height growth of Douglas fir provenances in the age interval of 5 to 9 years.
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cording to the test these 4 provenances 
were subdivided into two homogenous 
groups.

The results obtained were compared 
with results pertaining to the set of 
provenance trials of IUFRO, which in-
cludes 182 provenances tested on the 
territories of 22 European countries 
(Kleinschmit and Bastien 1992).

These trials clearly show that prove-
nances from the provinces in the Coast-
al Regions, the western part of the Cas-
cade Mountains in the State of Wash-
ington, and the western part of the Cas-
cade Mountains in the state of Oregon 
have good adaptiveness and growth in 
the most of the regions of testing. It 
must be pointed out here that these are 
regions of extremely great differences 

in climate. Be speaking of the countries 
Denmark, Belgium, France, Italy, Great 
Britain, Turkey, the Canadian province 
of British Columbia and Germany.

The rank correlation analyses 
showed very great positive relation-
ships between the average heights and 
increments. The results obtained show 
a distinct stability of the changes in the 
average heights and increments of the 
trees according to provenances. This 
makes it possible to carry out early test-
ing and assess the growth in height of 
the provenances tested.

Plant organisms need particular en-
vironmental conditions for the normal 
occurrence of their growth and develop-
ment. High temperatures and droughts 
are among the most unfavorable cli-
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Fig. 2. Current height increment of Douglas fir provenances 
in the age interval of 6 to 9 years.
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matic conditions. In the Temperate Cli-
matic Zone, the duration of hot and dry 
period affects negatively the current in-
crement of trees.

Ecological climatograms have been 
made in accordance with Walter’s 
methods. These are presented on Fig-
ures 3 and 4. The main climatic charac-
teristics taken into consideration were 
the air temperature and precipitation 
sums for the last decade, the whole 
period that there is available informa-
tion about, and the period when aver-
age values were found for the current 
increment in height of the trees of the 
provenances tested in the trial planta-
tion in Kyustendil State Forestry. These 
climatograms provide particular visual 
information about the climatic con-
ditions and their changes during the 
above mentioned periods of time.

The semi-dry periods determined for 
the years 1958–2007, 1998–2007 and 
1991–1995 were respectively 106, 92 
and 102 days. During the last interval of 
time the current increment of trees was 
determined, the availability was found 
of not only a semi-dry period but also of 
a dry one lasting 26 days.

This circumstance shows aggrava-
tion of the average values of tempera-
ture and precipitation during the grow-
ing season within the time interval that 
is of interest in connection with this in-
vestigation, and it provided the reason 
for more detailed analyses.

Climatograms have also been pre-
pared for each particular year when 
current increment was found; based on 
these the availability and durations of 
the semi-dry and dry periods were de-
termined with precision of 1 day. The 
values obtained are as follows: dry pe-
riods in 1995 – a total of 13 days, in 

1994 – a total of 90 days, in 1993 – a 
total of 94 days, in 1992 – a total of 
76 days and semi-dry period in 1995 – 
a total of 31 days, in 1994 – a total 
of 188 days, in 1993 – a total of 187 
days, in 1992 – a total of 126 days.

The duration of the dry and semi-dry 
periods was compared with the current 
increment in height of the seedlings 
of all the provenances investigated. It 
was find out that the current increment 
diminished as dry period duration in-
creased.

The correlation coefficients express-
ing the relationship between dry period 
duration and the current increment of 
the seedling in height, for all the prov-
enances in trial had negative values as 
they varied from R = –0.95, for Prov-
enance 42 Oakridge (OR) to R = –0.70 
for Provenance 29 Idanha (OR). The low 
values of the correlation coefficients in 
this trial show lower dependence of 
current increment in height on the un-
favorable conditions expressed as avail-
ability and duration of dry and semi-dry 
periods in each particular year.

Conclusion

Provenances 4 Newhalem, No 29 Idanha 
and No 10 Bremerton have been deter-
mined as promising. They meet the fol-
lowing requirements: to be at the top of 
classification according to reached height 
and current increment in height, and to be 
of current increment in height influenced 
by the duration of dry and semi-dry peri-
ods to the least extent. We consider the 
methodological approach used genuine 
and therefore, deserving greater attention 
while assessing tree species and prove-
nances in trial plantations.
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Abstract
A dynamic whole-stand growth model for birch (Betula pubescens Ehrh.) stands in 

Northwestern Spain is presented. In this model, the initial stand conditions at any point in 
time are defined by three state variables (number of trees per hectare, stand basal area and 
dominant height), and are used to estimate total or merchantable stand volume for a given 
projection age. The model uses three transition functions expressed as algebraic difference 
equations to project the corresponding stand state variables at any particular time. In addi-
tion, the model incorporates a function for predicting initial stand basal area, which can be 
used to establish the starting point for the simulation. Once the state variables are known 
for a specific moment, a distribution function is used to estimate the number of trees in each 
diameter class by recovering the parameters of the Weibull function, using the moments of 
first and second order of the distribution. By using a generalized height diameter function to 
estimate the height of the average tree in each diameter class, combined with a taper func-
tion that uses the above predicted diameter and height, it is then possible to estimate total 
or merchantable stand volume.

Key words: Betula pubescens Ehrh., even-aged stands, whole-stand growth model, generalized al-
gebraic difference approach, basal area disaggregation, Galicia.

Introduction

The Betula genus is distributed through-
out most of Europe, where it is mainly 
represented by two stand-forming tree 
species, Betula pubescens Ehrh. and 
Betula pendula Roth. In the Iberian 
Peninsula, these two taxa are freely hy-
bridized, and their taxonomy is some-
what confused, with each possessing a 
number of different nomenclatural iden-

tities (Castroviejo et al. 1990). Of the 
two taxa, Betula pubescens is the more 
oceanic, westerly distributed taxon, 
while Betula pendula is rarer and occu-
pies more easterly and southerly, high 
altitude, mesic locations (Stevenson 
2000). In Galicia (north-western Spain) 
Downy birch (Betula pubescens) grows 
at 0–1700 m above see level, although 
it is more abundant in the north‑eastern 
area of this region at altitudes above 
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400–500 m. This species requires high 
moisture all year round and may be 
considered a fast-growing pioneer tree, 
which readily colonises open ground 
originated by human activity (burning, 
cutting or grazing) or natural disturbanc-
es. In Galicia there are currently 32,000 
ha of stands that include birch as the 
main tree species (Xunta de Galicia 
2001). However, it is much less com-
mon than it could be in Galicia as an 
integral part of the climax vegetation in 
the area, as a potentially useful species 
for colonising part of the approximately 
635,000 ha (almost one third of the 
forest area in Galicia) that is at present 
unproductive or is colonised by scrub. 
Despite this, there is a notorious lack of 
reference information regarding sivilcul-
ture, growth and yield of this species.

Considering that growth and yield 
models are of primary concern in mak-
ing forest management decisions, the 
objective of this study was to develop 
a management-oriented dynamic whole-
stand model for simulating the growth 
of even-aged birch stands in Galicia.

Material and Methods

The data used to develop the model 
were obtained from three different 
sources. Initially, in the winter of 
1998–1999 a network of 137 perma-
nent plots was established in even-
aged, birch-dominated stands (85% or 
more of the standing basal area con-
sisting of birch). The plots were locat-
ed throughout the area of distribution 
of this species in Galicia, and were 
subjectively selected to represent the 
existing range of ages, stand densi-
ties and sites. The plot size ranged 

from 200 m2 to 1000 m2, depending 
on stand density, in order to achieve a 
minimum of 30 trees per plot. All the 
trees in each sample plot were labelled 
with a number. The diameter at breast 
height (1.3 m above ground level) of 
each tree was measured with calliper 
twice (perpendicular to each other) to 
the nearest 0.1 cm and the arithmetic 
mean of the two measurements was 
calculated. Total height was measured 
to the nearest 0.5 m with a hypsome-
ter in a randomized sample of 30 trees, 
and in an additional sample including 
the dominant trees. Descriptive vari-
ables of each tree were also recorded, 
e.g., if they were alive or dead.

Taking into account that some plots 
had disappeared because of forest 
fires or clear‑cutting, a subset of 54 of 
the initially established plots was re-
measured in the winter of 2008‑2009. 
These plots were selected for some of 
the dynamic components of the mod-
el. The interval between the measure-
ments was considered sufficient to 
absorb the short-term effects of ab-
normal climatic extremes (von Gadow 
and Hui 1999). The first two sources 
of data were the two inventories car-
ried out in 1998–1999 and 2008–
2009.

Apart from these inventories, where 
possible, two undamaged dominant 
trees were destructively sampled in the 
winter of 1998–1999, constituting a 
final sample of 214 trees. They were 
selected as the first two trees found 
outside the plots but in the same stands 
within ±5% of the mean diameter at 1.3 
m above ground level and mean height 
of the dominant trees. The trees were 
felled leaving stumps of average height 
0.16 m; total bole length was measured 
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to the nearest 0.01 m. The logs were 
cut at approximately 1 m intervals until 
the diameter was 7 cm and at 2 m inter-
vals thereafter. The number of rings was 
counted at each cross sectioned point 
and then converted to stump age. Ad-
ditionally, 90 non-dominant trees were 
felled outside 23 locations in the winter 
of 2008-2009 to ensure representa-
tive distribution by diameter and height 
classes for taper function development. 
Log volumes (stem parts with merchant-
able size) were calculated by Smalian’s 
formula. The top of the tree was consid-
ered as a cone. Tree volume above stump 
height was aggregated from the corre-
sponding log volumes and the volume of 
the top of the tree. The third source of 
data corresponds to the 304 trees felled. 
Summary statistics of the stand and tree 
variables used in model development are 
shown in Table 1.

Model structure

The model is similar in structure to 
those developed by Diéguez-Aranda et 
al. (2006a) and Castedo-Dorado et al. 
(2007), and is based on the state-space 
approach (García 1994). It can be clas-
sified as a variable-density whole stand 
model in which stand volume is aggre-
gated from mathematically generated 
diameter classes. A two‑stage process 
that first predicts future stand density 
and then uses this information to esti-
mate future stand volume allows pre-
dicting growth by subtraction (Davis et 
al. 2001).

Three state variables (dominant 
height, number of trees and basal area) 
define the initial stand conditions at any 
point in time in the model. These vari-
ables are used to estimate stand volume, 
classified by timber assortments, for a 
given projection age. Three transition 

Table 1. Summarised data corresponding to the sample of plots 
and trees used for model development.

Note: A = stand age; H = dominant height, defined as the mean height of the 100 largest-
diameter trees per hectare; N = number of trees per hectare; B = stand basal area (only 

live trees were included in the calculations for N and B); d = diameter at breast height over 
bark; h = total tree height; hst = stump height.

Variable 1st inventory (137 plots)  2nd inventory (54 plots) 

 mean min max S. D.  mean min max S. D. 

A, years 30.3 12.0 70.0 10.1  38.9 22.0 56.0 10.0 

H, m 15.3 7.2 24.4 3.6  18.3 11.0 24.5 3.0 

N, trees ha-1 1750 390 6000 1099  1433 350 4480 836 

B, m2 ha-1 24.0 3.3 66.5 10.3  30.6 9.2 71.8 11.1 

 304 trees      

d, cm 20.0 7.3 39.2 5.97      

h, m 14.5 6.2 24.4 3.42      

hst, m 0.16 0.0 0.5 0.08      
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functions, expressed as algebraic differ-
ence equations, are used to project the 
corresponding stand state variables at 
any particular time. In addition, the mod-
el incorporates a function for predicting 
initial stand basal area, which can be 
used to establish the starting point for 
the simulation. A distribution function is 
used to estimate the number of trees in 
each diameter class, once the state vari-
ables are known for a specific age, by 
recovering the parameters of the Weibull 
function, using the distribution first- and 
second-order moments (arithmetic mean 
diameter and variance, respectively). Fi-
nally, it is possible to estimate total or 
merchantable stand volume (which de-
pends on specified log dimensions) by 
using a generalized height‑diameter func-
tion, to estimate the height of the av-
erage tree in each diameter class, com-
bined with a taper function that uses the 
above predicted diameter and height.

The following sections describe how 
each of the three transition functions 
and the disaggregation system were de-
veloped.

Development and fitting 
of transition functions

The site quality equation, which 
combines compatible site index and 
dominant height growth models in 
one common equation, was developed 
by Diéguez-Aranda et al. (2006b) 
using data from stem analysis of the 
214 dominant trees. The model was 
derived using the generalized algebraic 
difference approach (GADA, Cieszewski 
and Bailey 2000) on the basis of the 
model proposed by Cieszewski (2002). 
The fitting was done in one stage using 
the base-age-invariant dummy variables 

method (Cieszewski et al. 2000), 
expanding the error term with a second-
order continuous-time autoregressive 
error structure to correct the inherent 
autocorrelation of the longitudinal data 
set used. This method was programmed 
using the SAS/EST MODEL procedure 
(SAS Institute Inc. 2004a).

A dynamic equation was devel-
oped for predicting the reduction in tree 
number due to density-dependent mor-
tality, which is mainly caused by com-
petition for light, water and soil nutri-
ents within a stand. Among the different 
models reported in the literature for mod-
elling regular mortality, those included 
in Diéguez-Aranda et al. (2005b) were 
evaluated. They are equations in algebra-
ic difference form, which were fitted to 
the data of the 54 plots measured twice 
by ordinary least squares using the SAS/
STAT NLIN procedure (SAS Institute 
Inc., 2004b).

The stand basal area growth of an 
even-aged forest depends on stand age, 
stand density (defined as number of 
trees per hectare or basal area), and site 
productivity (Murphy and Farrar 1988). 
Nevertheless, not all the equations which 
have been used for projecting stand ba-
sal area include these three variables. 
In developing the transition function for 
stand basal area, the equations reported 
in Diéguez-Aranda et al. (2005a) were 
evaluated. The equations were fitted to 
the data of the 54 plots measured twice 
by ordinary least squares using the SAS/
STAT NLIN procedure (SAS Institute 
Inc. 2004b).

Disaggregation system

The two-parameter Weibull function 
(Equation 1) was used to model the 
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diameter distribution of the 137  birch 
plots from the first inventory and of the 
54 plots re-measured:
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where x is the random variable, b the 
scale parameter of the function, and c  
the shape parameter that controls the 
skewness.

Several methods for parameter esti-
mation were preliminary tested and com-
pared for their goodness of fit. A param-
eter recovery method through moments 
and a parameter prediction method based 
on least squares difference estimation 
techniques proved best, but considering 
that the moments method warrants that 
the sum of the disaggregated basal area 
obtained by the Weibull function equals 
the stand basal area provided by an ex-
plicit growth function of this variable, the 
moments method was selected for ap-
plication in the present study. The func-
tion parameters were recovered from the 
first raw moment, which is the arithme-

tic mean diameter d , and the second 
central moment, which is the variance of 
the distribution (var), estimated by the 
arithmetic and the quadratic mean diam-

eters (
22var ddg -= ) (Diéguez-Aranda 
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where Г is the Gamma function.

The arithmetic mean diameter was 
the only variable to be modeled through 
a relationship on the quadratic mean di-
ameter and other stand level variables 

by the function )exp(Xβ−= gdd , where 
X is a vector of stand variables and β  is 
a vector of parameters to be estimated. 
This equation was fitted to the data by 
ordinary least squares using the SAS/
STAT NLIN procedure (SAS Institute 
Inc. 2004b).

A generalized height-diameter rela-
tionship was developed to estimate the 
height of the average tree in each diam-
eter class. Several models that predict 
the dominant height of the stand when 
the diameter at breast height of the sub-
ject tree equals the dominant diameter 
of the stand were evaluated (Crecente-
Campo et al. 2010). They were fitted to 
the data of the 137 plots from the first 
inventory and of the 54 plots re-mea-
sured by ordinary least squares using 
the SAS/STAT NLIN procedure (SAS 
Institute Inc. 2004b).

In order to obtain total- and mer-
chantable-tree volume from the aver-
age tree-diameter of each class and its 
estimated height, a modification of the 
Kozak’s (2004) variable exponent taper 
function was fitted to data of diameter 
outside bark and height of the 304 de-
structively sampled trees. For this pur-
pose, a mixed-model was used and fit-
ted using the SAS macro %NLINMIX 
(SAS Institute Inc. 2004b).

Selection of the best equation 
in each module and overall 
evaluation of the model

The comparison of the estimates of the 
different models fitted in each module 
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was based on numerical (coefficient 
of determination –R2– and root mean 
square error –RMSE) and graphical 
(plots of studentized residuals against 
the estimated values, and graphs of the 
fitted curves overlaid on the trajectories 
of different variables) analyses.

For the overall evaluation of the 
model, observed state variables from 
the first inventory of the 54 plots meas-
ured twice were used to estimate total 
stand volume at the age of the second 
inventory. Total stand volume was se-
lected as the principal objective variable 
because it is the critical output of the 
whole model, its estimation involves all 
the functions included in it and is close-
ly related to economical assessments. 
Estimations of this variable and of the 
state variables were evaluated in terms 
of the critical error (Huang et al. 2003).

Results and Discussion

Table 2 summarizes the equations se-
lected for each sub-model. All param-
eter estimates were significant at a 5% 
level. The estimated Weibull functions 
modeled successfully all but 4 of the 
191 examined diameter distributions, 
based on the Kolmogorov-Smirnov test. 
Figures  1–3 show the transition func-
tions fitted curves overlaid on the ob-
served trajectories.

It can be observed that the fitted 
equations follow the observed growth 
trajectories well, especially in the case 
of the stand survival function. The ac-
curacy of this function over a wide 
range of ages and other stand condi-
tions ensures that the projections of 
the final output variables of the whole 
model (e.g., stand or merchantable vol-

ume) are realistic. This equation is espe-
cially important when light thinnings are 
carried out (Avila and Burkhart 1992), 
as was the case in some of the studied 
stands. After heavy thinning operations 
it seems reasonable to assume that 
mortality is negligible (Castedo-Dorado 
et al. 2007).

As regards the stand basal area 
projection equation, initial basal area 
and initial age do not seem to provide 
enough information about the future tra-
jectory of the basal area of the stand, 
regardless its thinning history, thus 
number of stems is also included as an 
explanatory variable. The stand basal 
area model has an asymptote of 74.4 
m2 ha-1, which corresponds to biological 
expectations, at least for the stand con-
ditions analysed in this study (Table 1). 
The basal area initialization equation will 
work well in unthinned or lightly thinned 
stands, although the fitting statistics 
showed worse results than other sub-
models. Because the number of trees 
per hectare varies over time, the initiali-
zation and the projection functions are 
not compatible. However, this is not a 
major problem because the initialization 
function would only be used to provide 
an initial value of stand basal area when 
no inventory data are available (Amateis 
et al. 1995).

Explanatory variables of the compo-
nents of the disaggregation system can 
be easily obtained at any point in time 
from dominant height, number of trees 
and basal area transition functions. The 
only exception is dominant diameter of 
the generalized h-d relationship, which 
is a variable that is difficult to project 
(Lappi 1997) and must, therefore, be 
estimated from the diameter distribu-
tion.
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Total stand volume was selected in 
the present study as the critical output 
variable for the whole-stand growth 
model, although other stand variables 
can be assessed on the basis of this 
model (e. g., biomass, carbon pools). A 
critical error of 20% was obtained when 
projecting total stand volume from the 
first to the second inventory; critical 
errors of 14–15% were obtained for 

dominant height, number of trees per 
hectare, and stand basal area. In this 
step, 84% of the examined diameter 
distributions passed the Kolmogorov-
Smirnov test (α=5%). Considering 
the required accuracy in forest growth 
modelling, where a mean prediction er-
ror of the observed mean at 95% con-
fidence intervals within ±10–20% is 
generally realistic and reasonable as a 

Note: H1, H2, N1, N2, B1, B2 = dominant height (m, defined as the mean height of the 100 largest-
diameter trees per hectare), number of trees per hectare, and stand basal area (m2 ha‑1) at initial A1 and 

final A2 stand projection ages (years), respectively; log = natural logarithm; d  = arithmetic mean diam-
eter (cm); S = site index (m, at a reference age of 20 years); h = total tree height (m); d = diameter at 
breast height (cm, 1.3 m above ground level); d0 = dominant diameter (cm, average value of the 100 
largest-diameter trees per hectare); di = top diameter over bark at height hi (cm); hi = height above the 
ground to top diameter di (m). Total- and merchantable-tree volumes must be computed numerically. 
Stand volumes are aggregated from mathematically generated diameter classes.

Table 2. Equations selected for each sub-model and goodness of fit statistics.
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limit for the actual choice of the ac-
ceptance and rejection levels (Huang et 
al. 2003), we can state, on the basis 
of the critical error statistics obtained, 
that the model provides satisfactory 
predictions.

As the model was based primarily 
on data from stands of ages greater 
than 12 years old, predictions of site 
index for younger stands should be 
made with caution, because at young 
ages erratic height growth may lead 
to erroneous site classifications. Apart 

from this exception, the model may be 
used over the expected rotation of the 
species in the region of study (~ 60–
70 years).

The most important limitation of the 
model is that it does not consider the 
later effect of thinning and pruning be-
fore the trees fully occupy the additional 
space that has been made available to 
them. However, this effect does not 
seem to be important in our case since 
very heavy thinning treatments were 
not considered (García 1990).

The relatively simple structure of the 
stand growth model makes it suitable 
for embedding into landscape-level plan-
ning models and other decision support 
systems that enable forest managers to 
generate optimal management strate-
gies. Nevertheless, because of the large 
number of calculations needed to obtain 
outputs (especially those involving use 
of the disaggregation system), the mod-
el will be implemented into the GesMO® 
2009 forest growth simulator (Diéguez-
Aranda et al. 2009) to facilitate its use 
by forest managers.
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Abstract
The wild trout biomass density in four tributary streams of the Maritza river (Topolnitsa, 

Stryama, Yadenitsa and Chepinska) was investigated by electrofishing. The study was car-
ried out in 100 m long closed test areas, from mid summer to autumn 2008. The theoretical 
density for two consecutive catches was calculated. It was found that the areas of popula-
tions of wild trout in the Topolnitsa and Stryama creeks are fragmented and with a very low-
rate density. The theoretical density of wild trout estimated is as follows: for the Chepinska 
stream – 446 ha-1 and for the Yadenitsa stream – 608 ha-1. The theoretical number of wild 
trout with a length of 23 cm and more was calculated for the Stryama stream – 15 ha-1, for 
the Yadenitsa stream – 12 ha-1, and for the Chepinska stream – 4 ha-1 respectively. Within 
the four studied creeks the highest rate of wild trout theoretical biomass was found to be 
that of the Yadenitsa stream – 26.27 kg.ha-1, followed by stream Chepinska with 20.43 
kg.ha-1. The quantity of fish allowed for fishing, with a length of 23 cm and more, according 
to the Law (Anonymous 2006), was very low in all the four creeks that were studied.

Key words: electro-fishing, specimens allowed to catch, streams, theoretical biomass of population, 
theoretical density of population, wild trout.

Introduction

The stock and the biomass of wild trout 
were examined by many authors in con-
nection with managing of trout streams 
as well as in order to estimate the in-
fluence of some factors on trout popu-
lations. For example in the Pyrenees 
(France) many studies were conducted 
on trout populations and the results 
are as follows: in the river Pique et Ger 
Lim et al. (1993) estimated the mean 
number of brown trout to be 2469 ha-1 
and the biomass – 278 kg.ha-1. Baran 
et al. (1993) reported an mean density 

of wild trout in the river Neste d’Aure 
between 5 and 126 trout per 100 m2 
and the mean biomass between 183 
and 3242 kg per 100 m2. Lagarrigue et 
al. (2001) studying river Neste d’Ouie 
estimated the number of wild trout to 
range between 2201 and 11,516 ha-1 
and the biomass between 94.6 and 
212.5 kg.ha-1. A study of the river Luz 
made by the Federation of Fishermen in 
Hautes Pyrenées (Fédération … 2007) 
showed the following mean density of 
brown trout – 60.1 trout per 100 m2 
and the mean biomass turned to be 
1.32 kg per 100 m2 and the number of 
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brown trout longer than 18 cm was 4.2 
trout per 100 m2.

The investigation of the Federation 
of fishermen in Friburg (Fédération … 
2004) of the river Petite Sarine (Swit-
zerland) showed an mean density of 
wild trout of 1445 ha-1 in 2000, 1147 
ha-1 in 2003 and 1808 ha-1 in 2003.

In the river Lima (Portugal) Maia and 
Valente (1999) studying the population 
of brown trout estimated the mean den-
sity to be between 10 and 20 trout per 
100 m2 and the mean biomass – 285.5 
kg per 100 m2.

Bergstedt et al. (2005) explored the 
impact of mining and reclamation ef-
forts from 1999 up to 2004 on the pop-
ulation of brown trout in the Arkansas 
River (Colorado, USA). From their re-
sults can be estimated that in the unpol-
luted part of the river the mean number 
of brown trout for the six years was ap-
proximately 1500 ha-1 and the mean bi-
omass was approximately 102 kg.ha-1.

The most extensive study of wild 
trout in the Danube catchment and in 
the Aegean catchment, in Bulgaria, was 
conducted in the doctorate thesis of 
Yankov (1988), an ichthyologist from 
the Union of hunters and fishermen in 
Bulgaria. Yankov explored the catch ar-
eas of the rivers Iskar and Vit as well 
as in the Aegean catchment – the catch 
areas of the rivers Mesta, Vucha, Chaya 
and Struma. Yankov also examined the 
dynamics of wild trout population, the 
state of wild trout stocking, the rates of 
growth of wild trout, the sexual maturity 
and fertility of wild trout. For all studied 
rivers Yankov (1988) calculated an mean 
density of trout population of 1123 ha-1 
and an mean biomass of 52.81 kg.ha-1.

Another detailed study of wild trout 
was made by Karapetkova et al. (2000), 

an ichthyologist from the Bulgarian 
Academy of Sciences (whose works 
are dedicated to fish systematics) and 
by Dikov and Yochev (2000), ichthy-
ologists from the Complex experimental 
station of Fishery of the Union of hunters 
and fishermen in Bulgaria, both working 
on some problems of the dynamics of 
fish populations, density and biomass of 
the populations of some fish species in 
Bulgaria. Karapetkova et al. (2000), Dik-
ov and Yochev (2000) studied the den-
sity, the biomass, and the dynamics of 
wild trout populations in the creeks of 
Veleka, Mladezhka and Aydere, belong-
ing to the Black see catchment. These 
authors found that the mean density of 
trout population was between 48 and 
656 ha-1 and the mean biomass varied 
between 5.071 and 56.531 kg.ha-1.

A study of wild trout population was 
made by Dikov and Yankov (1985) for 
some streams in the Rila Mountains, 
namely the Rilska, Iliina, Bela Mesta 
and Cherna Mesta, all belonging to the 
Aegean catchment,. The authors stud-
ied the growth rate of wild trout in 
the streams mentioned above. Yankov 
(1985) made an investigation of trout 
stocks in the streams Rilska, Iliina, Bela 
Mesta and Cherna Mesta. The author in-
dicated that in the fourth of the studied 
streams the mean density of trout popu-
lation varied between 33 and 192 da-1 
and the mean biomass – between 1.08 
and 7.61 kg.da-1.

Materials and Methods

Study area

The study area (Fig. 1) includes 
four tributaries of the Maritza river 
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– Chepinska, Yadenitsa, both in the 
Rhodope Mountains, as well as Stryama 
and Topolnitsa, located in the Sredna 
gora Mountains. All the studied creeks 
belong to the Aegean cathment.

The creek Topolnitsa, a left tributary 
of the river Maritza, is 100 кm long. The 
trout zone of this stream ranges from 
the spring to the Dushantsi dam and it 
is 25 km long.

The creek Stryama is another left 
tributary of the river Maritza with a 
length of 110 кm, 9 km of which are a 
trout habitat.

The creek Yadenitsa, a right tributary 
of the stream Maritza, is 16 кm long; 
two-thirds of which is a trout zone.

The creek Chepiska (70 km long) is 
also a right tributary of the river Maritza. 
Wild trout inhabit 35 km of this creek, 
upstream from the city of Velingrad.

All of the studied streams had local 
populations of trout in the past. After 
the 50s of the 20th century, stocking 
started everywhere with young trout of 
different origins. In 2008 in the fourth of 
the investigated streams a stoking was 
made with young trout with provenance 
from the aquaculture “Toshkov chark” 
in the Rhodope Mountains (an unpub-
lished report of the National Agency for 
Fishing and Aquaculture – NAFA).

Equipment, methods and layout

The study material was caught by elec-
trofishing, according to Seber and Le 
Crеn removal method (1967) by two 
catching passes. This method is reliable 
when during the first pass a minimum of 
50% of the individuals in the catching 
area are eliminated. This method, as the 

Fig. 1. Location of studied streams.
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most suitable one for studies of inner 
Bulgarian creeks, is recommended by 
Yankov (1988).

The electrofishing was conducted 
by direct current (DC) at two upstream 
passes. We used the backpack elec-
trofisher SAMUS 725G – (Samus spe-
cial electronics, Poland), powered by a 
12 V accumulator battery with a capac-
ity of 75 Ah.

The elctrofisher converter provides 
DC impulses with a frequency ranging 
between 5 and 100 Hz, duration 0.03–3 
ms and a maximum power of 650 W. 
The electrofisher is suitable for water re-
sistance from 25 to 1000 Ω. The amper-
age in load condition is from 5 to 65 А.

The catch areas are 100 m long, 
blocked off at the upper and the lower 
borders by 5 mm square mesh nets.

Four catch areas were put in each 
creek, and 5 – in the Yadenitsa stream.

The catch was carried out by two 
persons, each with a fishing keep net, 
passing along together into the catch 
areas upstream. One of the nets was 
a single 28 cm hoop anode. The cable 
cathode was immersed into the creek 
some meters ahead.

The fish length was measured by 
a ruler with an accuracy of 1 mm and 
the weight – with an electronic port-
able scale with an accuracy of 1 g. The 
caught fish were kept alive in a wire 
basket and a plastic pail and after the 
measurement were released back.

The fish species identification was 
made according to Kottelat and Frayhof 
(2007).

The estimation of fish abundance 
was made according to Seber and Le 
Crеn (1967) formulas for two catching 
passes. The theoretical number of fish 
is determined as follows:
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the number of fish from the first and 
from the second catch passes.
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The biomass B is calculated as a sum 
of individual weights of all the wild trout 
individuals located in each of the catch 
areas.

The theoretical biomass Bе calculates 
according to Mahon et al. (1979),
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where Be is theoretical biomass,
B – biomass of catch individuals;
N – number of catch individuals.
The parameters of all the 17 studied 

catch areas satisfied the requirements 
of the formula.

The classifying of the studied streams 
was made by the classification of Yank-
ov (1988) for Bulgarian trout streams 
(according Sherbowsky’s method).

• streams with very high-rated trout 
abundance, where trout abundance is 
more than 1500 ha-1, respectively bio-
mass is more than 65 kg.ha-1;
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• streams with high-rated trout abun-
dance, where trout abundance is be-
tween 1000–1500  ha-1, respectively 
biomass is between 40–65 kg.ha-1;

• streams with middle-rated trout 
abundance, where trout abundance is 
between 500–1000 ha-1, respectively 
biomass is between 30–45 kg.ha-1;

• streams with small-rated trout 
abundance, where trout abundance is 
between 300–500 n/ha, respectively 
biomass is between 15–30 kg/ha;

• streams with very small-rated trout 
abundance, where trout abundance is 
less than 300 ha-1, respectively biomass 
is less than 15 kg.ha-1.

Results and Discussion

Species structure, density and size 
structure of catches

In the studied streams 465 individu-
als from 7 species belonging to 3 fami-
lies were caught (see table 1) as follows:

• Wild trout (Salmonidae);
• Maritza barbel (Cyprinidae);
• Minnow (Cyprinidae);

• Maritza chub (Cyprinidae);
• Aegean goudgeon (Cyprinidae);
• Struma spined loach (Cobitidae);
• Balkan golden loach (Cobitidae).
Generally, the number of wild trout 

individuals is predominating in the 
catches, but the number of Maritza bar-
bell is also very large, probably due to 
the fact that the study included trout-
barbel mixed zone.

Comparing to wild trout caught in 
the Rhodope Mountain, the individuals 
of the same species in the Topolnitsa 
and Stryama streams are less abundant. 
One of the reasons seem to be: the mu-
nicipal pollution of the watercourse of 
Topolnitsa. In both of the streams there 
are catch areas where no individuals 
were caught, as well as such where the 
catch was 1, 2 or 4 individuals per 100 
m along the creek. The size structure 
of wild trout is irregular (see figures 2 
and 3) and the large size classes were 
absent.

The migration of wild trout in the 
Topolnitsa creek is interrupted because 
of the polluted part of the water course. 
Probably the number of wild trout in this 

Table 1. Species composition and pleces (N) of the caught fish in the streams: 
Topolnitsa, Stryama, Yadenica and Chepinska.

Topolnitsa Stryama Yadenica Chepinska Total         Stream 
Species N % N % N % N % N % 

Wild trout 14 3 16 3.5 112 24 94 20.2 236 50.7 

Maritza barbel 0 0 41 8.8 30 6.5 122 26.2 193 41.5 

Minnow 24 5.2 1 0.2 0 0 0 0 25 5.4 

Goudgeon 0 0 1 0.2 0 0 0 0 1 0.2 

Maritza chub 0 0 3 0.7 0 0 0 0 3 0.7 

Struma spined loach 0 0 2 0.4 0 0 0 0 2 0.4 

Balkan golden loach 2 0.4 3 0.7 0 0 0 0 5 1.1 

Total         465 100 
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stream fills up only by young fish stocking. 
This assumption could be confirmed by 
the grouping of catches – several groups 
of similar length were distinguished. Wild 
trout individuals in the Topolnitsa creek 
were grouped in 6 size classes, corre-
sponding to 3 age classes (Dikov and 
Yankov 1985, Yankov 1988), probably 
a result of young fish stocking in 3 suc-
cessive years. The wild trout individuals 
seem to be introduced as follows:

• from size classes of 81–90 mm and 
91–100 mm in 2008;

• from size classes of 121–130 mm 
and 131–140 mm in 2007;

• from size classes of 161–170 mm 
and 171–180 mm probably in 2006.

The catch composition from the 
Stryama stream is similar, but the size 

classes are more. Most of the wild tout 
in this stream belong to two classes of 
length: 101–130 mm and 141–180 
mm. Wild trout, permitted to catch ac-
cording to the Law for fishing and aqua-
culture (LFA), were caught only in the 
Stryama creek.

The prevailing length of the wild 
trout individuals caught in the Yadenitsa 
and Chepinska streams ranged between 
121 mm and 160 mm – 52% of them 
(Figures 4 and 5). The individuals long-
er than 160 mm in both of the rivers 
weren’t numerous – 17%. In these wa-
tercourses a few individuals from lower 
size classes were also caught – 11%. 
The peak of the size composition of in-
dividuals in the Yadenitsa creek plotted 
in Fig. 4 is 71–80 mm is due to an im-
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Fig. 2. Size composition of the catch of the 
wild trout from stream Topolnitsa.
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Fig. 3. Size composition of the catch of the 
wild trout from stream Stryama.
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Fig. 4. Size composition of the catch of the 
wild trout from stream Yadenica.
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ported young wild trout stocking within 
2008 (an unpublished report of National 
Agency for Fishing and Aquaculture – 
NAFA).

According to Yankov (1988), the size 
of mature wild trout in Bulgarian rivers is 
140-250 mm. In the Yadenitsa and Chep-
inska creeks young immature individuals 
prevailed. The irregular structure of the 
catch in the Yadenitsa and Chepinska 
creeks as well as the small number of in-
dividuals from large size groups shows a 
high-rate of mature individuals mortality 
(in these watercourses only 3 wild trout 
individuals were permitted for fishing ac-
cording to LFA, 2 individuals in the Ya-
denitsa stream and 1 in the Chepinska). 
There is a significant difference between 
the numbers for middle and upper age 
classes of wild trout in both of the men-
tioned streams. Probably, the annual rate 
of fishing in the Yadenitsa and Chepin-
ska streams exceeds the annual produc-
tion and it injures size and age structure 
of fish population (Pravdin 1966).

Theoretical abundance and theoretical 
biomass of wild trout population in the 
studied streams

The calculated abundance of wild 
trout in the Topolnitsa and the 
Stryama, tributaries of the Maritza riv-
er is far less than 
the abundance 
estimated for the 
streams Yadenitsa 
and Chepinska as 
shown in Table 
2. In the Stryama 
creek the number 
of individuals is 
smaller due to the 
narrower width of 

the water course. The number per ha 
and the biomass per ha in the Stryama 
creek are larger than in the Topolnitsa 
stream.

Both – theoretical abundance and 
theoretical biomass of streams of Yad-
enitsa and Chepinska exceed those of 
the water courses in the Sredna gora 
Mountains. Due to stream Yadenitsa 
is relatively narrower than Chepinska, 
there is less wild trout per 100 m of 
the water course, but biomass and 
density per hectare, respectively, are 
more.

Wild trout abundance and biomass 
in the four studied streams are small-
er than the mean values estimated by 
Yankov (1988) for Bulgaria – 1123 ha-1 
and 52.81 kg.ha-1 respectively.

The wild trout number and the bio-
mass for the Yadenitsa creek were 
smaller than the smallest stock in the 
water courses in the Rhodope Moun-
tains, calculated by Yankov (1988) for 
stream Chaya (mean number 531 ha-1 
and mean biomass 28.17 kg.ha-1). The 
stock of the Yadenitsa stream is similar 
to those of the Aydere and Mladezhka 
creeks (Karapetkova et al. 2000) with a 
mean number ranging between 48 and 
656 ha-1 and a mean biomass 5.071–
56.531 kg.ha-1.

Table 2. Mean theoretical density (Ne) and mean theoretical 
biomass (Be) of the wild trout in the streams Topolnitsa, Stryama, 

Yadenica and Chepinska.

Stream 
Ne, 

pleces 
Ne, 
ha-1 

Ne, 
km-1 

Be, 
kg 

Be, 
kg.ha-1  

Be, 
kg.km-1 

Topolnitsa 6 108 56 0.14 2.77 1.44 

Stryama 4 112 40 0.12 3.41 1.23 

Yadenica 18 608 178 0.79 26.27 7.86 

Chepinska 27 446 271 1.25 20.43 12.54 
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In the pure trout zone of the Yad-
enica stream the stock of wild trout is 
relatively large – a mean of 908 ha-1, 
whereas in the the mixed barbell-trout 
zone the mean is 157 ha-1. The mean 
biomass of trout in the pure trout zone 
of the creek is 33.61 kg.ha-1.

In the first blocked off section in the 
mixed barbel-trout zone of the Yaden-

itsa stream only one, but the biggest in-
dividual, was caught. Probably this is an 
old individual who has driven out off the 
territory the other trouts.

The wild trout population in the Chep-
inska stream has lower number and bio-
mass than stream Chaya (Yankov 1988).

The trout stock of the Topolnitsa and 
Stryama creeks is much smaller than 
the smallest one estimated by Yankov 
(1988) for the catchment of the Iskar 
river (a mean density of 270 ha-1 and 
mean biomass 7.62 kg.ha-1).

According to Yankov’s classification 
(1988) the density of wild trout popu-
lation in Yadenitsa creek is rated as a 
medium one and so is the biomass. The 
density of wild trout population in the 
Chepinska strearm is rated as low and 
so is the biomass. Wild trout populations 
in the streams Topolnitsa and Stryiama 
are characterized with very low rate of 
density as well as of biomass.

The amount of wild trout individuals 
permitted for fishing according to LFA, 
in the streams Stryama, Yadenitsa and 
Chepinska is very limited (see таble 3). 
In the Topolnitsa creek no individual 
was caught with a length equal or over 
the permitted size.

Yankov (1988) recommended a stop 
of fishing if the number of wild trout per-

mitted for fishing is 
under 120 ha-1, ac-
cording to LFA, or 
the total biomass is 
under 30 kg.ha-1 un-
til restoration of the 
normal stocks.

In the studied 
streams – Topoln-
itsa, Stryama and 
Chepinska, the total 
biomass doesn’t ex-

ceed 30 kg.ha-1. The number of wild trout 
with a length over 23 cm (permitted le-
gally for fishing) in none of studied rivers 
reaches 120 individuals per hectare.

Environmental problems found in the 
Topolnitsa stream

In the trout zone of the Topolnitsa creek 
a municipally polluted sector was found. 
It caused a fragmentation of the popu-
lation and made the migration of wild 
trout upstream impossible.

Conclusions

Wild trout stocks in the studied streams 
are smaller than the medium stocks de-
termined for Bulgaria.

The number of permitted for fishing 
wild trout individuals according to LFA, 

Table 3. Mean theoretical density (Ne) and mean theoretical 
biomass (Be) of the wild trout with length of 23 cm and more
in the streams Topolnitsa, Stryama, Yadenica and Chepinska.

Stream 
Ne, 

pleces 
Ne, 
ha-1 

Ne, 
km-1 

Be, 
kg 

Be, 
kg.ha-1  

Be, 
kg.km-1 

Topolnitsa 6 108 56 0.14 2.77 1.44 

Stryama 4 112 40 0.12 3.41 1.23 

Yadenica 18 608 178 0.79 26.27 7.86 

Chepinska 27 446 271 1.25 20.43 12.54 
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in the streams Stryama, Topolnitsa, Ya-
denitsa and Chepinska is very limited.

Recommendations

The pollution of the Topolnitsa stream 
by the town of Koprivstitsa must be 
stopped by the Ministry of Environment 
and Waters of Bulgaria.

A stop of fishing is recommended for 
the four studied creeks until the number 
of trout with a length of and over 23 cm 
reaches at least 120 ha-1.
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Abstract
There are numerous design techniques that can be used to reduce the reduce impacts 

from surface-disturbing projects. The techniques described should be used in conjunction with 
visual resource contrast rating process wherein both the existing landscape and the proposed 
development or activity are analyzed for their basic elements of form, line, color, and texture. 
This discussion of design techniques is broken down into two categories: design fundamentals 
and design strategies. Design fundamentals are general design principles that can be used 
for all forms of activity or development, regardless of the resource value being addressed. 
Applying these three fundamentals will help solve most visual design problems: proper siting 
or location, reducing unnecessary disturbance, repeating the elements of form, line, color, and 
texture. Design strategies are more specific activities that can be applied to address visual 
design problems. Not all of these strategies will be applicable to every proposed project or ac-
tivity: color selection, earthwork, vegetative manipulation, reclamation/restoration, linear align-
ment design considerations. The fundamentals and strategies are all interrelated, and when 
used together, can help resolve visual impacts from proposed activities or developments. The 
techniques presented are only a portion of the many design techniques available to help reduce 
the visual impacts resulting from surface-disturbing activities or projects. Further research into 
planning and design references and/or consultation with professional designers and engineers 
will help to further reduce the visual impacts of any development.

Key words: visual impact, surface disturbing, landscape design.

Introduction

The public lands in our country contain 
many outstanding scenic landscapes. 
While these lands provide a place to 
escape and enjoy the beauty of nature, 
they are also used for a multitude of oth-
er activities. Any activities that occur on 
these lands, such as recreation, mining, 
timber harvesting, grazing, road develop-
ment etc., have the potential to disturb 

the surface of the landscape and impact 
scenic values (Kress and Van Leeuwen 
2006). Visual resource assessment and 
management is a system for minimizing 
the visual impacts of surface-disturbing 
activities and maintaining scenic values 
for the future (Crowe 1966, Forestry 
Commission 1994, Lyle 1999, Zube 
et al. 1982). The authorities should be 
committed to sound management of the 
scenic values on public lands in order to 
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ensure that these benefits are realized 
and the scenic values are protected.

In order to meet the responsibility to 
maintain the scenic values of the pub-
lic lands, has been developed a Visual 
resource assessment and management 
system (BLM 2007) that addresses the 
following:

Development of an area with high 
scenic value might be focused on pre-
serving the existing character of the 
landscape, and management of an area 
with little scenic value might allow for 
major modifications to the landscape.

Assessing scenic values and deter-
mining visual impacts can be a subjective 
process. Objectivity and consistency can 
be greatly increased by using the basic 
design elements of form, line, color, and 
texture, which have often been used to 
describe and evaluate landscapes, to also 
describe proposed projects. Projects that 
repeat these design elements are usu-
ally in harmony with their surroundings 
and those that don’t create contrast. By 
adjusting project designs so that the ele-
ments are repeated, visual impacts can 
be minimized.

The visual resource assessment and 
management system provides a way to 
identify and evaluate the scenic values 
of landscape. It also provides a way to 
analyze potential visual impacts and ap-
ply visual design techniques to ensure 
that surface-disturbing activities are in 
harmony with their surroundings.

Method and Design Techniques

A site assessment is taken for granted in 
ascertaining soil and climatic conditions. 
The visual assessment is less straightfor-
ward, but equally important, if landscape 

values are to be conserved. A landscape 
analysis should cover both the gen-
eral type of regional landscape and the 
character of an individual site (Forestry 
Commission 1994; Bell 1993, 2004).

The landscape analysis method in-
volves determining whether the potential 
visual impacts from proposed surface-
disturbing activities or developments will 
meet the management objectives estab-
lished for the area, or whether design 
adjustments will be required. A visual 
contrast rating process is used for this 
analysis, which involves comparing the 
project features with the major features 
in the existing landscape using the basic 
design elements of form, line, color, and 
texture. The analysis can then be used 
as a guide for resolving visual impacts. 
Once every attempt is made to reduce 
visual impacts, professionals can decide 
whether to accept or deny project pro-
posals. They also have the option of at-
taching additional mitigation stipulations 
to bring the proposal into compliance.

The design techniques used are in con-
junction with the visual resource assess-
ment process where both the existing 
landscape and the proposed development 
or activity are analyzed for their basic ele-
ments of form, line, color and texture.

Discussion

This discussion of design techniques is 
broken down into two categories: design 
fundamentals and design strategies.

Design fundamentals

There are three design fundamentals 
which are general design principles that 
can be used for all forms of activity or 
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development, regardless of the resource 
value being addressed. Applying these 
three fundamentals helps to solve most 
visual design problems:

Proper Location
Choosing the proper location for a pro-
posed project is one of the easiest de-
sign techniques to understand and ap-
ply, and one that will normally yield the 
most dramatic results.

Which are the considerations when 
choosing a project location? Design 
projects should be located as far away 
from prominent viewing locations as 
possible – visual contrasts or impacts 
decrease as the distance between the 
viewer and the proposed development 
increases, so:

• Topographic features and vegeta-
tion should be used to screen proposed 
development (Fig. 1a).

• Projects should not be located on 
or near prominent topographic features 
(Fig. 1b).

• The shape and placement of 
projects should be designed to blend 
with topographic forms and existing 
vegetation patterns (Fig. 1c).

Reducing Unnecessary Disturbance
Reducing the amount of land disturbed 
during the construction of a project 

reduces the extent of visual impact. 
Techniques that help reduce surface 
disturbance include:

• Placing underground utilities either 
along the edge or under the surface of 
an existing road;

• Establishing limits of disturbance 
that reflect the minimum area required 
for construction;

• Requiring restoration of disturbed 
areas no longer required after construc-
tion has been completed (Fig. 2a);

• Planning projects so that they uti-
lize existing infrastructure whenever 
possible;

• Consolidation of communications 
facilities reduces the amount of visual 
sprawl (Fig. 2b);

• Maximizing slope when it is aes-
thetically and technically appropriate;

• Locating construction staging and 
administrative areas in less visually sen-
sitive areas.

Repeating the Elements of Form, 
Line, Color, and Texture
Every landscape has the basic ele-
ments of form, line, color, and texture. 
Repeating these elements reduces 
contrasts between the landscape and 
the proposed activity or development 
and results in less of a visual impact.

Fig. 1. Examples of location: a)  Vegetation can be used to screen development; 
b)  Road alignment repeats the forms in the landscape and it fits easily on the natural 
terrain; c)  Locating this electrical line in heavily wooded area causes strong contrast.

                    a	                                        b	              c
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Another way of looking at 
this is to use the existing land-
forms, vegetation patterns, nat-
ural lines in the landscape, etc., 
to reinforce the design of the 
proposed activity or develop-
ment. By “playing off” of these 
naturally occurring elements, the 
design of the proposed develop-
ment will be in closer harmony 
with the natural landscape.

Examples of the proper use 
of form (Fig. 3a, c), line (Fig. 
3b), color and texture (Fig. 3d).

Design strategies

The strategies are more specific activi-
ties that can be applied to address vis-
ual design problems. Not 
all of these strategies are 
applicable to every pro-
posed project or activity:

Color Selection
Color selection has the 
greatest impact on the 
visual success or failure 
of our projects. Strong 
contrasts in color (Fig. 
4b) create easily recog-
nizable visual conflicts in 
the landscape.

Making color selec-
tions, designers should 
consider the following:

• The color selection 
for all structures should 
be made to achieve the 
best blending with the sur-
rounding landscape in both 
summer and winter (Fig. 
4a);

• Paints should be 
used to help reduce glare. 

It is almost impossible to remove all sun 
glare;

• Surface disturbance of mineralized 
soils can result in strong color contrasts. 
In many situations, this suggests that 

Fig. 3. Examples of the proper use of form, line, color 
and texture: а) The road alignment repeats the forms of 
the landscape; b) The clearing of this hillside works well 
with the existing lines and vegetative patterns found in 
this landscape; c) The vegetative clearing in the photo 
repeats the natural forms and shapes in the landscape; 
d) Replacement of rock on this exploratory drilling site 

repeats the texture of this landscape.

	        a	           	                              b

                   c       			       d

Fig. 2. Unnecessary disturbance and reduction of 
unnecessary disturbance: a)  Clearcutting on this 
prominent feature creates strong contrasts and at-
tracts attention from this critical viewing point; 
b)  Consolidation of communications facilities 

reduces the amount of visual sprawl.

                    a	              b
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the area should be avoided as a location 
for the proposed development, or that 
color selections for the manmade facili-
ties or disturbance might need to reflect 
the lighter colored soil revealed by the 
disturbance;

• Colors should be selected from a 
distance that permits viewing of the en-
tire landscape surrounding the proposed 
development;

• Colors that blend with or are in 
harmony with the existing colors of the 
earth, rocks, and vegetation are usually 
more visually pleasing and attract less 
attention than colors that are chosen to 
be in contrast (Fig. 4b).

Earthwork

The scars left by excessive cut and fill 
activities during construction in land-
scapes often leave long-lasting nega-
tive visual impacts. This is especially 
true of activities that disturb the highly 
mineralized soils of the arid west. Once 
the dark surface soil layer is disturbed, 
exposing the much lighter color of the 

subsurface soil, a strong con-
trast is created that may take 
many years to recover.

There are a number of ways 
to reduce the contrasts creat-
ed by earthwork construction. 
Proper location and alignment 
are probably the most important 
factors. Fitting the proposed de-
velopment to the existing land-
forms in a manner that minimiz-
es the size of cuts and fills will 
greatly reduce visual impacts 
from earthwork. Other earth-
work design techniques, such 
as balancing cut and fill or con-
structing with all fill or all cut 

should be considered, are appropriate as 
methods to reduce strong visual impacts.

Other strategies may include:
• Rounding and/or warping slopes 

(shaping cuts and fills to appear as nat-
ural forms) (Fig. 5a).

• Bending slopes to match existing 
landforms;

• Retaining existing rock formations, 
vegetation, drainage, etc., whenever 
possible;

• Split-face rock blasting (cutting 
rock areas so that the resulting rock 
forms are irregular in shape, as opposed 
to making uniform “highway” rock cuts) 
(Fig. 5b);

• Toning down freshly broken rock 
faces through the use of asphalt emul-
sions, rock stains, etc.;

• Using retaining walls to reduce the 
amount and extent of earthwork;

• Retaining existing vegetation by 
using retaining walls, reducing surface 
disturbance, and protecting roots from 
damage during excavations.

• Avoiding construction types that 
will generate strong contrasts with 

Fig. 4. Proper and improper color section: a) The color 
selected for this facility blends with the color in this 
landscape; b) The color selected for this tank strongly 

contrasts with the colors of this landscape.

                  a	                                   b
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the surrounding landscape 
(Fig. 5 c, d);

• Prohibiting dumping 
of excess earth/rock on 
downhill slopes.

Vegetative manipulation

Eeffective method of reduc-
ing the visual impact is to 
retain as much of the exist-
ing vegetation as possible, 
and where practical, to use 
the existing vegetation to 
screen the development 
from public viewing areas.

Some other techniques 
include:

• Designing vegetative 
openings to repeat natural 
openings in the landscape. 
Straight line edges should 
be avoided (Fig. 6a).

• Minimizing the impact 
on existing vegetation by:

– Partial clearing of the 
limits of construction rath-
er than clearing the entire area – leaving 
islands of vegetation results in a more 
natural look;

– Using irregular clearing shapes 
(Fig. 6c);

– Feathering/thinning the edges of 
the cleared areas (Fig. 6b). Feathering 
edges reduces strong lines of contrast. 
To create a more natural look along an 
edge, a good mix of tree/shrub species 
and sizes should be retained.

Structures

The visual impact from new structures 
placed on the existing landscape can be 
reduced by:

• Repeating form, line, color, and 
texture (Fig. 7a);

• Minimizing the number of struc-
tures and combining different activi-
ties in one structure wherever possi-
ble;

• Using earth-tone paints and stains;
• Using self-weathering metals;
• Chemically treating wood so that it 

can be allowed to self-weather;
• Using natural stone in wall surfaces 

(Fig. 7b);

• Burying all or part of the structure;
• Selecting paint finishes with low 

levels of reflectivity;
• Using rustic designs and native 

building materials;

Fig. 5. Proper and improper earthwork construction: 
a)  Rounding the top and bottom of the slope and also 
undulating the face of the slope create a more natural-
looking landscape; b) The split-face rock blasting technique 
used on this project creates a more natural-looking rock 
face; c) The rock gabion treatment of this hillside creates 
strong contrasts in line and color; d) This typical highway 
construction side slope treatment creates an unnatural form 

in the landscape.

                 a	           	                       b

              c			     	   d
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• Using natural-appearing forms to 
complement landscape character, not 
the opposite (Fig. 7d);

• Screening the structure from view 
through the use of natural landforms 
and vegetation (Fig. 7c).

Restoration/reclamation

Strategies for restoration and reclama-
tion are very much akin to the design 
strategies for earthwork, as well as the 
design fundamentals of repeating form, 

line, color, and texture and 
reducing unnecessary dis-
turbance. The objectives of 
restoration and reclamation 
include reducing long-term 
visual impacts by decreas-
ing the amount of disturbed 
area and blending the dis-
turbed area into the natural 
environment while still pro-
viding for project operations.

Though restoration and 
reclamation are a separate 
part of project design, they 
should not be forgotten or 
ignored. All areas of distur-
bance that are not needed 
for operation and mainte-
nance should be restored as 
closely as possible to previ-
ous conditions.

Several strategies that can 
enhance any restoration or 
reclamation effort include:

Fig. 6. Eamples of proper vegetative manipulation: а) Vegetative clearings of an irregular 
shape blend well with the existing landscape: b) This feathered edge treatment creates a 
natural progression from grasses to mature trees; c) The design of this ski slope incorporates 
irregular shapes, but the hard, unthinned edges create a strong visual contrast.

               a	           	                        b 			              c

	        a	           	                     b

                  c	           	                     d

Fig. 7. Some examples of proper and improper use of 
structure design: a) This structure repeats the line, color, 
and texture of this landscape; b) The use of native materials 
in this early structure; c) This structure is well-screened 
from the critical viewing area; d) These structures, in 
addition to creating strong color contrast, are not in scale 

with the human environment.
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• Striping, saving, and replacing top-
soil layer on disturbed earth surfaces;

• Enhancing vegetation by:
– Mulching cleared areas;
– Furrowing slopes;
– Using planting holes on cut/fill 

slopes to retain water;
– Choosing native plant species;
– Fertilizing, mulching, and watering 

vegetation;
– Replacing soil, brush, rocks, forest 

debris, etc., over disturbed earth surfac-
es (Fig. 8c) when appropriate, thus al-
lowing for natural regeneration (Fig. 8a, 
b) rather than introducing an unnatural 
looking grass cover;

• Minimizing the number of struc-
tures and combining different activities 
in one structure wherever possible.

Linear alignment

Projects and activities associated with 
linear alignments include roads, trails, 
pipeline developments, and underground 
and overhead utility lines. Proper loca-
tion can often contribute significantly to 
the reduction of line and color impacts 
(Fig. 9a, b), making other measures ei-
ther unnecessary or less costly and eas-
ier to accomplish. 

There are several major considera-
tions for determining an alignment:

• Topography is a crucial element in 
alignment selection. Visually, it can be 
used to subordinate or hide manmade 
changes in the landscape. Projects locat-
ed at breaks in topography or behind ex-
isting tree groupings are usually of much 
less visual impact than projects located 
on steep side slopes. By taking advan-
tage of natural topographic features, cut 
and fill slopes can be greatly minimized;

• Soils are especially important when 
selecting an alignment. They should be 
analyzed for stability and fertility and a 
revegetation program should be planned;

• Hydrological conditions can strongly 
affect the visual impact of buried and sur-
face construction. The risks of surface 
and subsurface erosion within the corri-
dor should be analyzed and evaluated;

• Crossings with other linear features 
or structures should be designed to min-
imize their visual impact:

– When possible, crossings should 
be made at a right angle;

– Structures should be set as far back 
from the crossing as possible;

– In areas with tree and shrub cover, 
the rights-of-way and structures should 
be screened from the crossing area.

Fig. 8. Examples of successful restoration or reclamation efforts: a) and b) Successful 
restoration leaves little or no visual scaring; c) The replacement of the large rocks in this 

pipeline right-of-way creates a natural-looking environment.

                  a	           	                        b 			            c
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Determining the engineering design, 
landscape design, and visual considera-
tions for a linear alignment must be ac-
complished together to ensure that all 
three are addressed and included in the 
final design solution.

Conclusion

The fundamentals and strategies are all 
interrelated, and when used together, 
can help resolve visual impacts from 
proposed activities or developments.

The techniques presented here are 
only a portion of the many design tech-
niques available to help reduce the visual 
impacts resulting from surface-disturbing 
activities or projects. Further research 
into planning and design references and/
or consultation with professional design-

ers and engineers will 
help to further reduce 
the visual impacts of 
any development.
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Abstract
The aim of this study was to analyze height structure of pure Juniperus excelsa stands 

in Prespa National Park in Greece. Since many trees in these stands are multi-stemmed, the 
height structure based on the tallest stem in each tree was chosen as a representative mea-
sure of stand structure. During the summer of 2009, a plot of 100 m x 100 m, which was 
divided in four subplots of 50 m x 50 m, was established in a medium site quality stand, 
while a plot of 50 m x 50 m was established in a good site quality stand. Moreover, 90 plots 
of 25 m x 20 m were established in juniper stands and groups having different canopy cover 
percentage and forms of J. excelsa trees in good and medium site quality areas. In all plots 
the height of the tallest stem of each tree was measured. In most stands, in both sites, the 
height class of 5 m dominates in height structure. However, in some cases the class of 3 m 
dominates in medium site qualities and the class of 7 m in good site qualities. The highest 
trees found in medium and good site qualities were 12 m and 14 m respectively. The density 
of J. excelsa groups and stands ranged from 80 to 580 J. excelsa trees per ha. The rather 
low tree-height of Juniper trees in Prespa National Park as well as the height structure and 
density of J. excelsa stands are the result of anthropogenic disturbances. The results of this 
study will contribute to the knowledge and protection of this rare ecosystem in Greece.

Key words: disturbances, protected area, site insensitive species, site quality.

Introduction

Juniperus excelsa M. Bieb. is a species 
of central and southern Balkans which 
is also found in Anatolia, Crimea, cen-
tral and southwest Asia and east Africa 
(Athanasiadis 1986, Boratynski et al. 
1992, Christensen 1997). Juniperus 
excelsa is a site insensitive species, 
which is able to adapt from full light 
to dense shade and to show growth 
increase if the growth conditions are 

ameliorated (Milios et al. 2007, Milios 
et al. 2009). These traits contribute to 
the survival of J. excelsa in intensely 
disturbed and severe environments 
(Milios et al. 2009). In Greece, in most 
cases, small groups of J. excelsa trees 
are formed or trees appear as scat-
tered individuals in open forests in de-
graded ecosystems. In very few cases 
J. excelsa is observed in larger units 
of pure and mixed stands (Milios et al. 
2007).
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The aim of this study was to ana-
lyze the height structure of pure J. ex-
celsa stands in Prespa National Park in 
Greece. Prespa National Park is one of 
the very few places where the species 
forms pure stands in extended areas. 
The results of this study will contribute 
to the knowledge and protection of this 
rare ecosystem in Greece.

Study Area

The study was carried out in the western 
part of Prespa National Park in Greece. 
Prespa National Park is situated in the 
northern-western part of Greece close to 
the Albanian and F.Y.R.O.M. borders. The 
J. excelsa stands and groups (mixed and 
pure) appear in an area of approximately 
2732 ha within altitudinal range from 840 
to 1360 m. The substratum consists of 
limestones and dolomitic limestones and 
the soils are clay to clay silt (Pavlides 
1985). The soils are rather shallow and 
surface appearances of parent material are 
observed in many cases (Pavlides 1985). 
On average the annual precipitation in 
Nestorio, which is one of the closest me-
teorological stations, is 817 mm and the 
mean annual temperature is 10.8oC.

In the pure J. excelsa stands species 
such as Quercus macedonica, Juniperus 
oxycedrus, Quercus pubescens, Pyrus 
amygdaliformis, Carpinus orientalis, 
Acer monspessulanum and Juniperus 
foetidissima occur. Their density is low 
and they do not influence the physiog-
nomy of stands.

Research Method

Juniperus excelsa stands appear in two 
site types. Site type A represents the 

more or less productive sites (good site 
qualities) of the area, whereas site type 
B represents the less productive sites 
(medium site qualities). For characteriz-
ing sites, the soil depth was determined 
through soil profiles. In site type A the 
soil depth ranged approximately from 
26–30 to 50 cm and in site type B from 
5 to 20–25 cm. The vast majority of J. 
excelsa stands is found in site type B.

In each site, there are dense and 
sparse J. excelsa stands and groups. In 
the dense formations the canopy cover 
percentage (canopy cover area x 100/
total area of J. excelsa formations) rang-
es from 60 to 80% while in the sparse 
ones the canopy cover percentage rang-
es from 30 to 40%. Regardless of the 
density of the stands and groups, the J. 
excelsa trees appear as scattered indi-
viduals or in small aggregations.

Another characteristic that differ-
entiates the Juniper formations re-
gardless of their density is the height 
where the living foliage (branches hav-
ing living needles) appears. In almost 
all areas of site type B the living foliage 
of trees appears at ground level. All 
the trees are multi-stemmed, which re-
sults in the formation of an impenetra-
ble hemispherical or spherical crown. 
This type of tree form characterizes, 
by far, the most J. excelsa stands and 
groups. On the other hand, in all ar-
eas of site type A and in a very small 
proportion of areas in site type B in a 
significant number of trees the living 
foliage appears at a height of 50–60 
cm above the ground.

Therefore, as a result six structural 
types were recognized: 1) dense (DAH) 
and 2) sparse (SAH) groups or stands 
in site type A where in a significant 
number of trees the living foliage ap-
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pears at a height of 50–60 cm above 
the ground, 3) dense (DBH) and 4) 
sparse (SBH) groups or stands in site 
type B where in a significant number 
of trees the living foliage appears at a 
height of 50–60 cm above the ground, 
5) dense (DBG) and 6) sparse (SBG) 
groups or stands in site type B where 
the living foliage of trees appears at 
ground level.

During the summer of 2009, in each 
structural type 15 plots of 500 m2 (20 
m x 25 m) were established with the 
use of the stratified random sampling 
method. Moreover, in order to have a 
representative view of J. excelsa stand 
height structure in extended areas, a 
plot of 100 m x 100 m, (EB) which was 
divided in four subplots of 50 m x 50 
m, (EB1, EB2, EB3 and EB4) was estab-
lished in a site type B area, whereas a 
plot of 50 m x 50 m (EA) was estab-
lished in a site type A area, since in all 
cases the pure J. excelsa formations in 
site type A appear in areas lower than 
0.7 ha.

In each plot the height of the tallest 
stem of each tree having height over 
1.3 m was measured as a representa-
tive measure of stand structure, since 
most of the trees in site type B are 
multi-stemmed and the presentation 
of all heights or of diameters in figures 
could have created a confusion.

Results

In almost all structural types and in the 
EB plot (100 m x 100 m) the height 
class of 5 m dominates (Fig. 1, Fig. 2). 
In the SBG structural type the height 
class of 3 m dominates. In the good 
site qualities in the EA plot (50 m x 50 

m) the greater number of trees fall in 
the height class of 7 m. The highest 
tree found in medium and good site 
qualities was 12 m (DBH, DBG) and 14 
m (DAH), respectively (Table 1).

The highest mean density of J. ex-
celsa trees was found in DBG structural 
type, while the absolute highest density 
was found in DAH structural type. The 
SBG structural type exhibits the lowest 
mean and the absolute lowest density 
of J. excelsa trees (Table 1).

In the EB plot the height structure 
appears to be more or less stable ����con-
cerning the three plots (EB1, EB1+EB2 
and EB ) shown in the Figure 2, starting 
from the plot of 50 m x 50 m (EB1) and 
moving on to larger plots (e.g. 50 m x 
100 m, 100 m x 100 m).

Discussion

The density of J. excelsa trees in Prespa 
National Park is lower than the density of 
junipers in the mixed stands of the cen-
tral part of Nestos Valley situated in the 
north-east of Greece as well as the corre-
sponding density in J. excelsa stands of 
Isparta – Sutculer in Turkey (Milios et al. 
2007, Carus 2004). The maximum height 
of the juniper trees in Prespa National 
Park is higher than that of Nestos Valley, 
and more or less the same as the height 
of the highest trees in Isparta – Sutculer 
in Turkey and is lower than that of J. ex-
celsa stands in Balouchistan (Milios et al. 
2007, Carus 2004, Ahmed et. al. 1990). 
Moreover it is lower than the maximum 
tree height in J. excelsa formations in the 
valley of Hayl Juwary in Oman (Fisher 
and Gardner 1995).

In the overall area of the species 
distribution the height structure of J. 
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excelsa formations varies.  The height 
classes that dominate in the J. excelsa 
stands found in four site types in the 
central part of Nestos Valley, range 
from 4 to 8 m ���������������������������(��������������������������Milios et al. 2007). More-
over, the lower height classes (2–8 m) 
show the highest density of trees in the 
height structure of J. excelsa stands in 
Balouchistan, ������������������������   however, it has been re-
marked that height classes ranging from 
6 to 9 m dominate in the J. excelsa for-
mations in the valley of Hayl Juwary in 
Oman. (Ahmed et. al. 1990, Fisher and 
Gardner 1995).

As it can be concluded from the 
height structure of all structural types, 

the pure J. excelsa stands in the study 
area are uneven aged. The height and 
age structure as well as the density of 
J. excelsa stands in Prespa National 
Park have been strongly affected by an-
thropogenic disturbances. In 1917 and 
during the World War II in some loca-
tions of site type B all the J. excelsa 
trees were cut by the army (Pavlides 
1985). Moreover, even today illegal 
cuttings have been observed (personal 
observation).

Another disturbance, which influ-
enced the growth rates and the heights 
of trees was the cutting of the Juniper 
branches by the local residents in the 

Fig. 1. Distribution of heights in the six structural types.
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Structural 
types

Density of Juniperus excelsa, ha–1  Density of all species, ha–1

X ± SD Range X ± SD Range

DAH 360 ± 67 300–580 424 ± 53 360–580

SAH 155 ± 19 120–180 180 ± 25 120–220

DBH 347 ± 51 260–420 380 ± 57 280–480

SBH 136 ± 26 100–200 147 ± 36 100–220

DBG 361 ± 46 300–460 396 ± 51 300–480

SBG 127 ± 28 80–180 151 ± 32 100–200

Height of Juniperus excelsa trees, m Height of other species trees, m

X ± SD max X ± SD max

DAH 5.07 ± 1.762 14 3.03 ± 1.142 7

SAH 4.21 ± 1.746 9 2.92 ± 0.946 5

DBH 4.76 ± 1.750 12 3.07 ± 1.258 6

SBH 3.54 ± 1.000 6 2.40 ± 1.228 5

DBG 4.06 ± 1.542 12 2.67 ± 0.799 5

SBG 2.93 ± 0.827 5 2.79 ± 0.588 4

Table 1. Structural characteristics of pure J. excelsa stands and groups.

X ± SD= Mean ± Standard Deviation

Fig. 2. Distribution of heights in EB1, EB1+EB2, EB and EA plots.
(in the EB1, EB1+EB2 and EB plots, Number is the actual number of trees 
in each plot while in the EA plot the number of trees per hectare is given)
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past. The locals used these branches to 
make traps for the fish in Prespa Lakes 
(Catsadorakis 1995)�������������������  . Grazing is anoth-
er disturbance factor in the area. Even 
though grazed J. excelsa seedlings or 
sapling were not found, trampling of re-
generation might have affected the den-
sity of stands.

In the future, more research is need-
ed regarding the regeneration and dy-
namics of the J. excelsa stands in Pre-
spa National Park in order to be properly 
protected and managed.

Conclusions 

The J. excelsa stands in Prespa National 
Park in Greece are differentiated by their 
density and the height where the living 
foliage of trees (branches having living 
needles) appears. In most stands, in both 
sites, the height class of 5 m dominates 
in height structure. However, in some 
cases the class of 3 m dominates in me-
dium site qualities and the class of 7 m 
in good site qualities. The highest trees 
found in medium and good site qualities 
were 12 m and 14 m respectively. The 
height and age structure as well as the 
density of J. excelsa stands in Prespa 
National Park have been strongly affect-
ed by anthropogenic disturbances. 
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Abstract
Microsphaera alphitoides Griff. et Maubl. is the most widespread and frequent disease in oak 

forests.The fungus is primary pathogene attacking plants in all developmental stages. Since it 
causes the greatest harms on young stands of pedunculate oak, when attacks are strong, chemical 
protection (treatment by fungicides) is applied. In Serbia fungicides for control of pathogenes 
in forest ecosystems are not registered. Therefore, it is necessary to select ecotoxicologically 
favourable fungicides registered in this region and obey FSC policy in application of pesticides. 
Bionfungicides are used for biological control of fungi causing plant diseases. This paper studies 
the independent influence of biofungicide AQ10 in concentrations 0.03 g, 0.05 g, and 0.07 g 
on agent of oak mildew. Preliminary studies of effect of biofungicide AQ10 are conducted by 
standard OEPP method PP1/69(2) (OEPP/EPPO, 1997) in pedunculate oak nurseries subject to 
infection potential of parasitic fungus M. alphitoides. Leaf infection was estimated by EPPO 
method (Guideline for efficacy evaluation of fungicides Podosphaera leucotricha) PP1/69(2); 
infection intensity was determined by Towsend-Heuberger’s method, and efficiency by Abbott‘s.

Key words: biofungicide – AQ10, efficiency, Microsphaera alphitoides.

Introduction

Serbia is considered as secondary forest 
land. According to the latest data of 
Forest Inventory of National Republic 
of Serbia from the 2009th year, the 
forest is 29.1% (of which 37.6% is 
in the middle part of Serbia and 7.1% 
in Vojvodina) of the total area of the 
territory of Serbia. In relation to the 
global aspect, the forested area of 
Serbia is closer to the world, which is 
30% and was significantly lower than 
European, which reaches 46%.

The total area of forests in Serbia 
is 2,252,400 ha, and the most impor-
tant species of oak is on the surface – 
720,800 ha. Since then, forest of Q. 
cerris L. stretch of 345,200 ha, Q. pet-
rea (Matt.) Liebl. forest the 173,200 ha, 
forest Q. frainetto Ten. on 159,600 ha, 
of Q. robur L. forests and 32,400 ha, of 
forest Q. pubescens Willd. to 10,400 ha.

Several species of powdery mildew 
are known to infect oaks. These include 
Erysiphe abbreviata (syn. Microsphaera 
abbreviata), E. alphitoides (syn. M. alphi-
toides), E. calocladophora (syn. M. calo-
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cladophora), E. extensa (syn. M. extensa), 
and E. hypophylla (syn. M. hypophylla) 
(Braun 1987, Braun and Takamatsu 
2000, Braun et al. 2003).

E. alphitoides is common, widespread 
in Asia and Europe on numerous species 
of the genus Quercus, and has been intro-
duced in various other parts of the world 
(Braun 1987, Butin 1995,  Bunkina1991). 
In Europe, it is morphologically rather 
uniform (Braun 1995), whereas in Asia, 
above all in China, Japan and Korea, its 
chasmothecia are more variable (Homma 
1937, Nef and Perrin 1999, Otani 1988, 
Rajkovic and Tabakovic-Tosic 2008).

Because of the desire for reducing 
the negative consequences of applying 
chemicals, and the possibility of resist-
ance, biological control is becoming 
increasingly important. For biological 
control of plant disease causing fungi 
used biofungicides. Efficiency of biofun-
gicides improves by adding the polymer 
during its application.

The biofungicide AQ10 (Ecogen Inc., 
Langhorne, PA) is a pelleted formulation 
of conidia of Ampelomyces quisqualis 
Ces. ex Schlechtend., a fungus that par-
asitizes powdery mildew colonies. It is 
intended for use as part of an integrated 
management program; therefore, infor-
mation is needed on its compatibility 
with conventional chemical fungicides 
(Rajkovic et al. 2009).

Material and Methods

The experiments were made in the 
nursery „Rogut” which is located in 
Batocina, near Kragujevac, at altitude 
115 m. The investigations were car-
ried out on the oak seedlings Q. robur 

L., aged 6 years, seed origin. The seeds 
from which seedlings produced comes 
from recognized seed stands oak, reg. 
No C 02.11.01.01, which borders with 
the nursery. Height of seedlings are from 
0.30 cm to 1.70 m (mostly about 1.20 
m), because the part of seedlings were 
cating in the first and second vegetation 
period. Seedlings were planted densely 
in rows length of about 60 m (8 rows in 
total, an average of 6 seedlings per m2), 
with space between the row around 40 
cm. For the experiment were used two 
rows. The control was estimate in the 
second row.

Biofungicide – AQ10 is a new biofun-
gicide that contains fungal spores of   for 
the control of powdery mildew by para-
siting and killing the fungal organisms 
that cause the disease. It is approved 
for the efficient and biotical use of Pow-
dery Mildew. For its activation it needs 
60% of air humidity therefore application 
should be made in the early morning or 
late evening when the humidity is at its 
highest, with the addition of some wet-
ting agent. When spores of A. qisqualis 
penetrate into Powdery Mildew mycelia 
(2–4 hours) their efficacy is depending 
on external influences not any more. This 
biofungicide is mostly preventive product 
but it acts also “eradicatively” and is ef-
ficient also against mycelia which passed 
the winter. Initial application should begin 
before the appearance of the symptoms 
and at the latest when three spots on 
100 leaves have been observed. AQ10 
has very short pre-harvest interval, only 
24 hours, so it can be applied up to and 
including the day of harvest.

Fungicide Sulphur SC (a. i. Elemen-
tary sulphur 810.50 g.l-1) in use 0.5% 
(Galenika-Phytopharmacy a.d. Belgrade-
Zemun).
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The appearance and development of 
powdery mildews is followed by the first 
appearance to the development of disease 
in control in the degree when it is possi-
ble to establish clear differences between 
control and variations where biofungi-
cides were used. The trials were set by 
the instructions of methods PP 1/152 (2) 
(EPPO 1997b) and the plan is fully rand-
omized block design. The experiment was 
conducted in four repetitions. The basic 
plot consisted of 8 trees (1x3 m apart) 
25 m2. Estimation on leaves by second-
ary infection of powdery mildew: 15 well-
developed leaves were selected on shoot 
from the outer zones of branched part of 
each tree. Recommendations are to avoid 
the shoots with primary infection of pow-
dery mildews and shoots completely in-
fected by powdery mildews and shoots 
that arise from the interior foliage.

Amount of water per unit surface: 
Application of fungicides was performed 
using the backstroke sprayer “Solo”; 
with the consumption of 1000 l.ha-1 of 
water. Time of application of biofungi-
cide and its combination with polymers: 
07.07.2010. FF: Shoots are 15–20 cm 
length. The intensity of disease assessed 
by the method of EPPO, 1997a: Guideline 
for the efficacy evaluation of fungicides 
– Podosphaera leucotricha, No PP 1/69 
(2) in Guideline for the efficacy evalua-
tion of Plant Protection Products (EPPO 
1997а: 100–102). Time of estimation: 
11.07.2009. Phytotoxity is estimated 
by instructions of PP methods (1/135 
(2) (OEPP, 1997d). Weather conditions: 
during the treatments there were more 
favorable conditions for the application of 
biofungicide: the wind was below 1 m.s-1, 
and the temperature 18.8–26.4°C, with 
sunny intervals of 2–3 hours after treat-
ment. Before treatment there was no rain 

48 h, and after 6–8 hours of treatment 
there was no rainfall, while the relative 
humidity was 80%, because the nursery 
is protected with old forest plantations 
in surrounding. Data of land: in the oak 
nursery soil is poorly processed. Weeds 
were repressed by hand mower. Irriga-
tion was not applied. Type of land at the 
tested locality was vertisol, wet, deep 
80 to 120 cm. Other measures in the 
experimental field: Treatments by insec-
ticides and bioinsecticides were done 
in 07.05.2009. For the suppression of 
gypsy moths in the variants where the 
product AQ10 is applied in all used con-
centrations, used a biological product Fo-
rey (0.3 l.ha-1). In variants where AQ10 
combined with Nu film 17 in the lower 
and higher doses were used applying in-
secticides Avaunt 15SC (200  ml.ha-1). 
The variant where the AQ10 was applied 
in combination with Nu P film was used 
Coragen 20 SC (200  ml.ha-1). On the 
control variants there was no application 
of any pesticides or biopesticides.

Statistics

Data processing was performed using 
standard statistical methods (intensity 
of infection by Towsend-Heuberger 
(Towsend and Heuberger 1943), the 
efficiency of the Abbott (Abbott 1925), 
analysis of variance and Duncan test 
(Duncan 1955) and methods PP/181 (2) 
(EPPO 1997c). Differences of intensity 
of disease were evaluated by analysis of 
variance and LSD-test.

Results

We are presented the data of realized 
powdery mildews infestation on the oak 
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leaves in the Table 1. Biofungicide was 
applied in three doses, at the lowest 
application dose (30 g) percentage of 
infection was 15.35%, in the middle dose 
7.15% and in the highest dose was 6.15%. 
This results of investigations shows that 
if this application of biofungicide in two 
higher doses had succesfuly control.

There are no statistically differences 
between the highest dose of application 
of biofungicide AQ10 and fungicide Sul-
fur. Fungicide Sulfur SC showed the effi-
ciency of 84.43% which is low efficiency 
for chemical fungicides but still satisfac-
tory for practice. Infection on control vari-
ant was 19.75% which means that the 
presence of pathogens was significant 
that could be carried out this experimental 
essay and to properly assess the effec-
tiveness of the investigated preparations.
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Abstract
It is widely accepted that increasing concentrations of “greenhouse gases” will raise the 

temperatures of the Earth’s atmosphere and oceans. By acting as C sinks, forest ecosystems 
can store significant amounts of CO2. There is, therefore, a growing need to evaluate the 
C cycle in forest ecosystems. Quatification of the C stored in forests, both in plants and 
soils (global balance between CO2 fixation and CO2 emission), and the knowledge of the 
main factors affecting net C fluxes in these ecosystems are basic and essential tools to 
control this environmental problem. This research work encompasses the study of the 
seasonal variations of the CO2 emissions from soils of two different types of deciduous 
forests of the temperate-humid zone (Quercus robur L. or Betula alba L.) located in Galicia 
(Northwestern Spain). With this objective, permanent forest plots were established and in 
situ determinations of soil CO2 effluxes were assessed using a portable infrared gas analyser. 
The determinations of the exchanges of this gas through the soil-atmosphere interphase 
were periodically carried out during a whole year (winter, spring, summer and autumn) in 
order to quantify the seasonal variations of these soil emissions. The significance of the 
seasonal variations observed for both types of forests and the implications of the results 
obtained in the global warming mitigation strategies, as well as the relation of these CO2 
effluxes with soil temperature, are discussed. 

Key words: Betula alba, greenhouse gases, Quercus robur, seasonal fluctuations, soil CO2 effluxes, 
soil organic matter, terrestrial C cycle.

Introduction

Decidous forests are part of the 
European cultural heritage and are a 
key component of Galician landscapes. 
By amplifying parent material alteration 
with the development of fine and coarse 
tree roots, these kinds of ecosystems 

contribute to soil depth increase, 
to preserve fertility, productivity as 
well as C fixation and to prevent soil 
erosion. Since both the biosphere and 
the edaphosphere of these forests are 
important organic matter reservoirs, their 
degradation could generate considerable 
emissions of greenhouse gases (GHG) 
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due to biomass decomposition and 
soil organic matter mineralization. 
For this reason, adequate silvicultural 
managements are necessary to keep 
their C retention capacity and to avoid 
the convertion of these forests into 
a possible source of CO2 that could 
contribute to global warming.

It has been reported that the CO2 
concentration in the air is responsi-
ble for more than 70% of the green-
house effect (Lashof and Ahuja 1990) 
and some authors predict that CO2 
emissions to the atmosphere could in-
crease from 7.4 GtC.year-1 in 1997 to 
approximately 26 GtC.year-1 in 2100 
(Houghton et al. 1996). Nowadays, 
considering absorptions by natural sinks 
and emissions by CO2 sources, the net 
balance of total emissions towards the 
atmosphere amounts to 3 GtC.year-1. 
As a result of this excess of CO2, the 
greenhouse effect have been increased, 
raising the mean temperature of the at-
mosphere by 0.7ºC since the industrial 
period commencement. Although the 
effects of elevated CO2 concentration 
in the ecosystem functioning are uncer-
tain, many scientist state that doubling 
CO2 atmospheric concentrations could 
produce serious environmental conse-
quences (Lindzen 1994, Adams et al. 
1999), with biological, economical and 
edaphic negative effects.

Although some authors indicate that 
the soil respiration rate is scarcely sensi-
tive to the environmental temperature, it 
is widely acepted that a global increase 
of the temperature can cause soil C 
losses if the soil have enough moisture 
(Leirós et al. 1999, Gallardo and Merino 
2007). For this reason, the evaluation 
of the C effluxes and the knowledge of 
the main factors affecting their inten-

sity could be basic and essential tools 
to control this environmental problem.

Therefore, the aim of this research 
is to quantify the CO2 exchanges in the 
soil-atmosphere interphase in Quercus 
robur L. or Betula alba L. ecosystems 
located in Galicia (Northwestern Spain). 
This research work also encompasses 
the study of the seasonal variations of 
the soil CO2 emissions during a whole 
year, in order to enhance the knowledge 
of the C cycle in these types of broad-
leaf autochthonous ecosystems.

Methods and Study Area

Deciduous species such as oak and 
birch are the natural forests in the NW of 
Spain (Galicia). This geographic area is 
located in the temperate-humid climate 
zone and the main meteorological 
records corresponding to the period of 
study (temperature and rainfall values 
during the year 2009) are included in 
Fig. 1. The forest plots studied were 
located throughout this region and were 
selected to represent the whole range 
of stand densities, undergrowth types 
and growing conditions in Galician 
forests for these two tree species. None 
or scarce silvicultural treatments were 
applied to the forests selected for this 
study and the spatial distribution of the 
different plots is represented on the 
regional map included in Fig. 1.

To monitor soil CO2 effluxes, 12 oak 
and 12 birch permanent forest plots 
(around 1000 m2) were established, 
in order to determine the intra-annual 
variation of the CO2 exchanges through 
the soil-atmosphere interphase in this 
type of broadleaf autochthonous eco-
systems. In all permanent plots, in situ 
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measurements of soil C effluxes were 
assessed using a portable infrared gas 
analyser (EGM-4, PP Systems) and ex-
pressed as g CO2.m

-2.h-1. For each for-
est plot a squared pattern (4 rows and 
6 columns) was established and 24 
punctual determinations of the soil CO2 
emissions were periodically carried out 
during the 4 seasons of the year (win-
ter, spring, summer and autumn’2009) 
in order to quantify the seasonal varia-
tions of the edaphic releases to the at-
mosphere. Simultaneously in each mea-
surement point, a 10 cm probe was in-
troduced into the forest floor to register 
the subsurface soil temperature.

After the removal of the litter and 
the duff, a representative soil sample 
(composed by mixing 24 subsamples 
regularly taken following the previously 
indicated squared pattern) from the up-
per layer of the A horizon (0–15 cm) 

were collected in winter to determine 
the main soil caracteristics. The soil pH 
was measured using a 1:2.5 soil:water 
ratio. Organic C was determined by 
dry combustion in a Carmhograph 12 
(Whostoff, Germany), with primary and 
secondary ovens at 90ºC and 400ºC, 
respectively. Total soil C content, ex-
pressed as kgC.m-2, was estimated by 
considering only the 0–15 cm depth 
layer and a soil density of 1000 kg.m-3. 
Statistical analyses were performed us-
ing the computer software SPSS 15.0 
(2006). ANOVA test was applied to 
analyse the possible variations between 
oak and birch soils. 

Results and Discussion

For both types of ecosystems, all the 
selected forest plots exhibited acidic 

Fig. 1. Geografic distribution of the selected oak and birch forest plots and general climatic 
conditions of the Galician region during the studied period. 

  
Quercus robur L.

Betula alba L. 

GAUSSEN´S OMBROTHERMIC DIAGRAM
(NW SPAIN)

0

10

20

30

40

50

JAN FEB M AR APR M AY JUN JUL AUG SEP OCT NOV DEC

2009

º C

0

25

50

75

100
mm

monthly temperature (º C)
monthly rainfalll (mm)

Mean annual Tª: 13.8º C 
Mean annual minimum Tª: 9.5º C 
Mean annual maximum Tª:19.1º C 
Annual rainfall: 1230.2 mm 

Fig. 1. Geografic distribution of the selected oak and birch forest plots and general 
climatic conditions of the Galician region during the studied period.
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and highly organic soils, with soil pH 
values around 4.5 and averaged soil 
C contents always surpassing the 
6.5% for Betula alba L. and the 8.5% 
for Quercus robur L. Thus, within this 
temperate-humid zone, oak forests 
seem to exhibit a significantly higher 
soil C content (P<0.05) than birch 
plantations. The values found in these 
soils are in agreement with the results 
obtained for different types of forest 
soils of this region (Sánchez-Rodríguez 
et al. 2002; Fernandez et al. 2004; Diaz-
Maroto et al. 2005, 2007; Fernandez et 
al. 2006) and also with soils from other 
countries of similar latitudes (Mansson 
and Falkengren-Grerup 2003).

Annual soil CO2 emissions to the at-
mosphere from oak forests were slightly 
lower than effluxes from birch plantations 
(Table 1). The annual mean value of the 
soil CO2 emissions exhibited a significant 
negative correlation with the total soil C 
content (Fig. 2a) and, despite the scarce 
variability of the soil pH, a significant pos-
itive correlation with this edaphic param-
eter (Fig. 2b) and, due to this, the quan-
tity of C released to the atmosphere was 

lower for more organic and acidic soils.
The values of the averaged annu-

al soil CO2 emissions found for these 
broadleaf autochthonous tree species 
are slightly higher than the results found 
for coniferous forests from the same 
area (Carrasco 2008).

When the results obtained for each 
season of the year were considered, a 
similar trend in both types of ecosystems 
was observed along the whole studied 
period, clear seasonal variations being re-
vealed. Although intra- and interspecific 
differences were found, minimum values 
of the mean soil CO2 emissions to the 
atmosphere were always observed dur-
ing the winter season for both birch and 
oak ecosystems, these values differing 
significantly (ANOVA, P<0.05, n=12) 
from spring, summer and autumn emis-
sions (Fig. 3). In all cases, maximum val-
ues of the mean soil CO2 emissions were 
measured in the hotter seasons, particu-
larly in the summer with values surpass-
ing twice the soil C emissions observed 
during the winter (Table 1).

Furthermore, a very similar pattern 
was observed when values of the sub-

Table 1. Averaged values (mean ± standard deviation) of some edaphic parameters related 
to the soil C cycle for oak and birch forest ecosystems.

Parameters 
Quercus robur L. 

n=12 
Betula alba L. 

n=12 

pH 4.65 ± 0.36 4.56 ± 0.29 

Soil organic carbon (0-15 cm depth), kg C.m-2 13.02 ± 3.35 9.89 ± 3.79 

Soil CO2 emissions (annual mean), g CO2.m-2 h-1 1.11 ± 0.25 1.24 ± 0.31 

WINTER 0.67 ± 0.27 0.61 ± 0.19 

SPRING 1.30 ± 0.34 1.46 ± 0.49 

SUMMER 1.39 ± 0.44 1.72 ± 0.55 

Seasonal soil CO2 emissions, 
          g CO2.m-2 h-1 

AUTUMN 1.07 ± 0.42 1.18 ± 0.62 
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surface edaphic temperature were ana-
lysed (Fig. 4), since soil CO2 emission 
rates significantly correlated with this 
instant edaphic temperature, for both 
Betula alba or Quercus robur ecosys-
tems (Fig. 5), this correlation being 
even slightly stronger in B. alba plots. 
Other authors also found a similar re-
lation between these two parameters, 
the soil temperature and CO2 exchange 
rates (Asensio et al. 2007, Shi et al. 
2009).

Conclusions

Based on the experimental results 
obtained in this study, the following 
conclusions can be drawn:

– The tree species determines the to-
tal soil C content, oak forests normally 
exhibiting more organic soils than birch 
ecosystems.

– Significant seasonal variations of 
soil CO2 emission rates were observed 
in both types of deciduous ecosystems.

Fig. 3. Range of the soil CO2 emissions in oak and birch ecosystems for the different 
seasons of the year.

Fig. 3. Range of the soil CO2 emissions in oak and birch ecosystems for the different 
seasons of the year. 
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– Edaphic emissions were slightly 
lower in oak woodlands as compared 
with birch forests and in both tree spe-
cies the soil pH have a significant influ-
ence on the edaphic C effluxes.

– A significant correlation between 
the soil CO2 emission rate and the 

edaphic temperature were observed in 
the two types of ecosystems consid-
ered.

– These results can be used as a tool 
for forest management and they can 
contribute not only to quantify the total 
CO2 released to the atmosphere in the 

Fig. 4. Averaged subsurface edaphic temperature (ºC) in oak and birch forests obtained 
simultaneously to the determination of the seasonal soil CO2 emission rates. 
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Fig. 4. Averaged subsurface edaphic temperature (°C) in oak and birch forests obtained 
simultaneously to the determination of the seasonal soil CO2 emission rates.
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contemporary climatic conditions but 
also to evaluate the role of these de-
ciduous forests in the global terrestrial 
C cycle.
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Abstract
The importance of the soil organic matter pool on the terrestrial carbon (C) cycle is clearly 

reflected by the fact that every year around 10% of the atmospheric C circulates throughout 
the biomass and the soil. Not only the size of this pool but also the composition and labil-
ity of the organic compartments have a notable influence on the soil CO2 emissions, since 
its nature determines the resident times and persistence of the different C compounds into 
the soil. Therefore, two different types of deciduous forests of the temperate-humid zone 
(Quercus robur L. or Betula alba L.) were studied in order to evaluate the biodegradative 
processes of their soil organic matter. In Galicia (Northwestern Spain), 24 permanent forest 
plots were established to determine their potential C mineralization activity using long term 
incubation experiments that were carried out under laboratory controlled conditions. The cu-
mulative data of the potential soil CO2 effluxes were fit to a double exponential kinetic model 
that considers two C pools of different lability and different instantaneous mineralization 
rates in order to estimate the labile and recalcitrant C pools in these soils. Differences on the 
total soil C content as well as on the soil organic matter mineralization kinetics between both 
forest types were found and the implications of the results obtained in the global warming 
mitigation strategies are discussed. The results obtained are useful not only to evaluate the 
quantity of CO2 released to the atmosphere from these Atlantic forests but also to contribute 
to a better prediction of the C balance in a global warming scenario.

Key words: Betula alba, carbon mineralization kinetics, CO2 release, global warming, labile and 
recalcitrant carbon pools, Quercus robur, terrestrial carbon cycle.

Introduction

The Earth’s carbon (C) budget is distrib-
uted among the different biogeochemi-
cal compartments, with permanent 

flux exchanges between them. Within 
terrestrial ecosystems, forests play an 
important role in sequestering and stor-
ing C (Sampson 1995) and deciduous 
forests from the mild temperate zone 
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of the Northern Hemisphere are one the 
major terrestrial biomes.

In the NW of Spain (Galicia), located 
within the temperate-humid zone, both 
coniferous and deciduous forest types 
are found. However, the typical Gali-
cian forest is formed by different spe-
cies of decidious trees, like oaks and 
birches, these broadleaf forests being 
valuable natural resources. Pedunculate 
oak (Quercus robur L.) is the third most 
abundant tree species in Galicia (Xunta 
de Galicia 2001), with annual harvest 
volume of 74,500 m3 in the period 
1995-2001. Oak forests cover 188,000 
ha in this region (Xunta de Galicia 2001) 
and are mainly derived from natural 
regeneration (Gorgoso-Varela et al. 
2008). Birch (Betula alba L.) stands cur-
rently cover 32,000 ha and birch is the 
fifth most abundant species in terms of 
number of trees in Galicia, after Eucapy-
ptus globulus, Pinus pinaster, Quercus 
robur and Quercus pyrenaica.

Soils have a great importance on the 
global C cycle due to their long term 
capacity to retain C (several centuries 
for the more recalcitrant compounds) 
as well as due to the magnitude of 
the C fluxes involved, since every year 
around 10% of the atmospheric C cir-
culates throughout the biomass and the 
soil (Oades 1989). In particular, soil C 
pool is a major component of the glo-
bal C cycle (Lal and Follett 2009) and 
it is the key factor in stabilization, ac-
cumulation, and dynamics of terres-
trial organic C (Andreux 1996). It also 
strongly influences sustainability, fertil-
ity, and productivity of forest ecosys-
tems (Schoenholtz et al. 2000, Wander 
and Drinkwater 2000), particularly in 
acidic and sandy soils where fertility is 
mainly determined by soil organic mat-

ter content and quality (Fernandez et al. 
2006). Thus, understanding soil organic 
matter dynamics and the contributions 
of different organic pools to the total 
CO2 effluxes from forest soils as well as 
the mechanisms involved in soil organic 
matter mineralization kinetics is impor-
tant since it influences main forest and 
environmental processes from a climate 
change perspective.

Therefore, the aim of this research 
is to study the soil C dynamics in two 
different types of deciduous forests 
(Quercus robur L. or Betula alba L. eco-
systems) located in Galicia (Northwest-
ern Spain) in order to determine the 
potential C mineralization activity and 
to compare the soil organic matter qual-
ity under these two types of temperate 
ecosystems. 

Methods and Study Area

The oak and birch forest ecosystems 
studied, developed over acidic (gran-
ite or schists) parent material (Fig. 1) 
and located in the NW of Spain, were 
selected to represent the whole range 
of stand densities, undergrowth types 
and growing conditions in Galician for-
ests for these two tree species. None 
or scarce silvicultural treatments were 
applied to the forests selected and the 
spatial distribution of the different plots 
accompanied by the main meteorologi-
cal records corresponding to the period 
of study (temperature and rainfall val-
ues during the year 2009) are described 
by Fernandez et al. (2010).

After the removal of the litter and 
the duff, a representative soil sample 
(composed by mixing 24 subsamples 
regularly taken following a squared 
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pattern) from the upper layer of the A 
horizon (0–15 cm) were collected in 
winter to determine the main soil char-

acteristics. The soil pH was measured 
using a 1:2.5 soil:water ratio. The field 
capacity was assessed at 10 kPa in a 

Richard’s mem-
brane-plate extrac-
tor. Total organic 
C was determined 
by dry combustion 
in a Carmhograph 
12 (Whostoff, Ger-
many), with prima-
ry and secondary 
ovens at 90ºC and 
40ºC, respective-
ly. Total organic N 
was determined by 
Kjeldahl digestion 
using the meth-
od developed by 
Bremner (1965).

For each for-
est plot, a long 
term incubation of 
representative soil 
samples was car-
ried out under con-
trolled conditions 

Fig. 1. Soil profiles developed over acidic parent material: oak forest over granite (a), oak 
forest over schists (b) and birch forest over schists (c).

 a) b) c) 

Fig. 2. Respirometric system used to perform the soil incubation 
experiments.
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(28ºC and 75% field capacity). During 3 
months, the C mineralized was periodi-
cally determined by measuring the CO2 
produced during the biodegradative proc-
ess (Fig. 2). The cumulative data of the 
potential soil CO2 effluxes were fit to a 
double exponential kinetic model (Eq.1) 
that considers two C pools of different 
lability and different instantaneous min-
eralization rates in order to estimate the 
labile and recalcitrant C pools in these 
soils.

Eq.1: Ct = C0(1-e-kt) + (C-C0)(1-e-ht)   
Ct: cumulative C (g.kg-1) released af-

ter time t (d), C0: potentially mineraliz-
able C in a labile pool with an instanta-
neous mineralization rate k (d-1), C: total 
amount of C (g.kg-1) present in the soil 
sample, (C-C0): amount of C (g.kg-1) in a 
recalcitrant pool with an instantaneous 
mineralization rate h (d-1). 

Statistical analyses were performed 
using the computer software SPSS 

15.0 (2006). ANOVA test was applied 
to analyse the possible variations be-
tween oak and birch soils.

Results and Discussion

Soils from the selected forest plots, all 
with acidic parent materials, exhibited 
pH values between 4.0 and 5.2 (Table 
1). Despite the high variability of the 
soil organic matter content of the dif-
ferent forest ecosystems, the mean 
C content of soils from oak planta-
tions (87 g C.kg-1

d.s.) was significantly 
higher (ANOVA, p<0.05, n=24) than 
the mean C content from birch forests 
(66 g C.kg-1

d.s.). The values found in 
these soils are in agreement with the 
results obtained for different types of 
forest soils of this region (Sánchez-
Rodríguez et al. 2002; Fernandez et 
al. 2004; Diaz-Maroto et al. 2005, 

Table 1. Range of values of some edaphic parameters related to the 
soil C cycle for oak and birch forest ecosystems.

Quercus robur L. Betula alba L. 
Parameters 

Granite Schists Granite Schists 

Soil pH 4.0–5.2 4.3–4.9 4.1–4.9 4.4–4.9 

Total soil C, g C.kg-1 d.s. 56.6–136.2 64.1–105.4 47.1–113.1 27.9–85.2 

Total soil N, g N.kg-1 d.s. 3.3–6.8 4.2–6.7 3.3–7.7 2.7–5.7 

C-to-N ratio 14–20 13–18 14–16 13–17 

C mineralized, g C.kg-1 d.s. 1.51–3.72 2.08–3.55 1.33–3.07 1.17–2.65 

C mineralization coefficient, % 1.98–3.20 2.73–3.38 2.25–3.15 2.77–5.65 

Soil labile C, % 0.62–1.36 0.65–1.02 0.33–1.15 0.96–1.28 
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2007; Fernandez et al. 2006) and 
with soils from other countries of simi-
lar latitudes (Mansson and 
Falkengren-Grerup 2003). 
Also, differences on the 
soil organic matter quality 
between both tree species 
were observed, oak eco-
systems showing, in gen-
eral, more elevated values 
of the C-to-N ratio (mean 
C-to-N ratio = 18±2) as 
compared with birch for-
ests (mean C-to-N ratio = 
15±2). Thus, the organic 
matter of both types of 
ecosystems could be con-
sidered, according to the 
classification of temperate 
forest humus (Duchaufour 
1977), an intermediate 
type between moder and 
mull.

The averaged quantity of 
CO2-C evolved from oak soils 
at the end of the incubation 
(2.4 g C.kg-1

d.s.) was slightly 

higher than the amount released by birch 
(2.1 g C.kg-1

d.s.) soils (Fig. 3).

Fig. 3. Total soil C content and quantity of C mineralized at the end of the incubation.
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A significant correlation between the 
C mineralized by the soil during the in-
cubation period and the total soil C con-
tent was found (P<0.001) in both type 
of forests (Fig. 4).

On the other hand, the mean soil C 
mineralization coefficient was slightly 
higher for birch (3.3%) ecosystems as 
compared with oak (2.8%) forests (Fig. 
5), this activity index being positively 
correlated with the proportion of labile 
C in the soil (r2= 0.202, P<0.05).

Also, the C mineralization coefficient 
statistically correlated with the total soil C 
content in birch forests but no significant 
correlation was observed in oak ecosys-
tems (Fig. 6). In general, the values of this 
activity index can be considered as rela-
tively low, but typical for acid soils from 
the same area (Fernandez et al. 2006). 
Although differences on the soil organic 
matter characteristics between oak and 
birch ecosystems were found, differences 
on the C mineralization kinetics were not 
significant, maybe due to the intraespecif-

ic variability derived from the high number 
of factors taken into account.

Conclusions

Based on these experimental results, 
the following conclusions can be drawn:
§ Within this temperate-humid zone, 

oak forests exhibited a significantly high-
er soil C content than birch plantations.
§ In general, for both tree species, a 

relationship between the total soil C con-
tent and the quantity of C mineralized 
during the 12 weeks of incubation was 
found, highly organic soils potentially re-
leasing more C effluxes than less organic 
ones. 
§ The soil C mineralization coeffi-

cient strongly correlated with the soil 
organic matter content for birch forests, 
but not for oak plantations. 
§ These results show the potential 

quantity of CO2 that can be released 
to the atmosphere from these Atlantic 

Fig. 5. C mineralization coefficient and percentage of labile C for oak and birch forests.
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forests and can contribute to a better 
prediction of the C balance in a global 
warming scenario since:

i) The success of a sustainable silvi-
culture seems to be related with both 
mineralization indices: with the C min-
eralization coefficient in B. alba forests 
and with the total quantity of C mineral-
ized in Q. robur plantations.

ii) In comparison with birch forests, 
oak ecosystems seems to show a higher 
soil C retention capacity due to a higher 
resistance to biodegradation of the recal-
citrant C pool of their soil organic matter.
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Abstract
The aim of the present study was to study success and development of coniferous 

trees for the needs of intensive plantations for biomass production, used in the recultivation 
process of mine-spoilt banks of opencast mines in the Kolubara basin. For this purpose, an 
experiment with European larch seedlings, aged 2+0, which lasted for four years in plots 
with seven repetitions was set. The distance between the rows with the seedlings was 1 
m, and 2.5 m between the plants in a row. Out of the initial 1,000 seedlings 90.5% and 
77.4 % survived in the first and second year after planting, respectively. At the later stages, 
the decay of the plants almost stagnated (up to 74.8%). From autmn 2007 to spring 2010 
total height increment of seedlings was 1.17 m. Total root collar diameter increment was 
nearly1.9 cm. The highest increment was reported during the last vegetation of seedlings (in 
spring 2010): diameter increment was about 1.2 cm and height increment was about 0.9 m. 

Differences between seedlings from sludge treated and untreated, control deposols 
(measured in spring 2010), were significant. Treated seedlings showed better results in mean 
root collar diameter as well as in mean height of seedlings (2.5 cm and 1.7 m, respectively) 
in comparing with untreated (control) ones (1.9 cm and 1.0 m, respectively). The results 
obtained justify the future more intensive establishment of plantations of this fast-growing 
conifer species. European larch also appears to be suitable for growing on mechanically 
damaged substratum.

Key words: European larch, survival of seedlings, growth, increment, recultivation.

Introduction

The European larch (Larix europaea Lam. 
et DC.) is a conifer naturally prevalent 
in disjunct areas in the high mountain 
massifs of Central Europe. The mode of 
distribution promotes the existence of a 
number of geographic races, subspecies 
and varieties (Vidaković 1982). Larch 

is a pioneer-species. The formation of 
heartwood begins at a very early age, 
and therefore, it has a large proportion 
of heartwood even at a relatively young 
age. This makes it usable for purposes 
where chemically treated wood was 
used earlier (Bergstedt and Lyck 2007).

Due to its rapid growth and height in-
crement, as well as resistance to air pollu-
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tion and tolerance to different soil types, 
the European larch is widely prevalent 
beyond its areal, in artificially established 
plantations at different altitudes (in forest 
plantations, parks, forest parks, etc.).

The provenances from Poland and 
Sudetes Mountains showed the best 
results, as well as the second genera-
tion of Danish sources (Brandt 1977 
and Bornebusch 1948, ex Bergstedt 
and Lyck 2007). Since the first experi-
ments conducted at waste dump sites 
of opencast mines in Indiana, USA 
(cited in Dražić 2002), European larch 
has performed successfully in many 
other forest plantations. It was due to 
the improvement of soil characteristics 
resulting from rapid accumulation of 
leaf litter, for instance in Germany and 
Pennsylvania, as well as in height and 
width increment, for instance in Den-
mark (Medvick 1973, Illner et al. 1967, 
Miles et al. 1973 and Schlatzer 1973, 
respectively, all cited in Dražić 2002), 
Bulgaria (Milev et al. 2004) and Serbia 
(Dražić 2002, Šmit et al. 1997, etc.). 
Apart from the European larch, other 
Larix species were also used for affor-
estation (Lukkarinen et al. 2009) with 
variable success among provenances.

Sludge is frequently used to improve 
the characteristics of sandy (Gál 1984), 
and degraded soils (Dželetović et al. 
2009, and references therein), since it 
simultaneously influences both physi-
cal and chemical characteristics of soil, 
combined with fast plant growth (Hall 
and Coker 1983). The distribution and 
availability of heavy metals presents an 
open issue (Tsadilas et al. 1995). But 
there was no evidence that toxic mate-
rials and heavy metals would accumu-
late in the trees at higher quantities of 
sludge (Gál 1984). The effects of heavy-
metal-containing sewage sludge on the 
soil microbial community were also ex-

amined (Bååth et al. 1998). Community 
tolerance to specific metals increased the 
most when the same metal was added to 
the soil. There were also indications of 
co-tolerance to metals whose concentra-
tion had not been elevated by the sludge 
treatment. Therefore, it is expected that 
the sludge treatment will have positive 
impact not only on the growth of larch 
seedlings, but also on other flora on 
degraded soil, as well as chemical and 
physical characteristics of deposol.

The aim of the study was to inves-
tigate the success of the development 
of the larch trees for the needs of the 
short-rotation intensive plantations for 
biomass production in the recultivation 
process of mine-spoilt banks of open-
cast mines.

Matherial and Methods

The experiment was set in the Kolubara 
basin, Baroševac locality, with European 
larch seedlings, aged 2+0. It lasted for 
four years. The distance between rows 
with seedlings was 1  m, and 2.5  m 
between the plants in a row, in seven 
replications (plots, 6 x 25 seedlings 
in one plot). The distance between 
the seedlings enabled the mechanical 
processing during the cycle of the 
plantation establishment. The care 
measures were regularly applied in the 
seedlings, including supplementary 
fertilization.

The plantations were established on 
a soil substratum belonging to the sandy 
loam class, with slight acid reaction 
(pH=4.9) and low humus concentration 
(0.94%). C/N ratio was low (2.62), con-
centration of phosphorus was also low 
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(<1 mg.g-1 of substratum), but concen-
tration of potassium was medium (13.2 
mg per 100 g of substratum). In the 
spring of the first year after planting, the 
initial nourishment was carried out with 
30 g of NPK mineral fertiliser per seed-
ling in order to ensure the highest plant-
ing rate and initial growth. The nourish-
ment of one part of seedlings was car-
ried out with sludge, which, according 
to its texture composition, comes under 
a loam class. It was characterised by a 
mild alkaline reaction of soil solution. 
The pH of sludge was 7.3, while sub-
stitution pH was 6.6. The concentration 
of total humus was exceptionally high 
(73.48%), the concentration of total 
nitrogen was low (0.64%), the C/N ra-
tio was high (66.6) and the concentra-
tion of phosphorus (5.5 mg per 100 g 
of substratum) and potassium (8.6 mg 
per 100 g of substratum) were within 

the low limits. Determining the suc-
cess of development of European larch 
seedlings on the sample plot was done 
by using literature sources on the same 
and other fast-growing conifers, estab-
lished on similar and different substrata.

Results

Out of the initial about 1,000 
seedlings, 90.5% and 77.4 % survived 
in the first and second year after the 
transplatation, respectively, At the 
later stages, the decay of the plants 
almost stagnated (74.8%, Table 1). 
Total height increment of seedlings 
(from autmn 2007 to spring 2010) 
was 1.17 m. Total root collar diameter 
increment of seedlings was 1.86 cm. 
During the first two years after the 
transplation (2007 and 2008) the 

* Measurements in 2009 were done after the beginning of vegetation period.

Table 1. Survival, growth and increment of larch seedlings (2007–2010).

Parameters Spring 
2007 

Autumn 
2007 

Autumn 
2008 

Spring* 
2009 Spring 2010 

Total 
Increment 

2007–
2010 

Total number of 
seedlings 1009 913 781 781 755  

Survival, % 100 90.5 77.4 77.4 74.8  

Height, m (X ± Sx)  0.34 ± 0.40 0.38 ± 0.50 0.58 ± 1.14 1.51 ± 2.56  

Height increment, m   0.04 0.20 0.93 1.17 

Root collar 
diameter, 
cm (X ± Sx) 

 0.51 ± 0.05 0.87 ± 0.12 1.22 ± 0.18 2.37 ± 0.32  

Root collar diameter 
increment, cm   0.36 0.35 1.15 1.86 
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average root collar diameter and its 
increment were quite low. The highest 
increment was reported during the 
last vegetation of seedlings (in spring 
2010): diameter increment was about 
1.2 cm and height increment was 
about 0.9 m. 

Differences between seedlings from 
sludge treated and untreated, control 
deposols (measured in spring 2010), 
were significant (Table 2). Treated 
seedlings showed better results in mean 
root collar diameter as well as in mean 
height of seedlings (2.51 cm and 1.68 
m, respectively) in comparing with un-
treated (control) ones (1.94 cm and 
0.97 m, respectively). Furthermore, 
height of seedling showed several times 
greater variability than root collar diam-
eter, both in treated and control seed-
lings (expressed by the standard devia-
tion, Table 2).

Discussion and Conclusion

The obtained results of height and width 
growth and increment were compared 
to the previously analysed increment 
of larch plantations also planted on 
deposols of opencast mines in the 

Kolubara basin, plot D (Dražić 2002). 
The dynamics of diameter development 
of larch seedlings in this sample plot 
was approximately the same as the 
development dynamics of an average 
stand stem in a larch plantation planted 
on deposol of heavier mechanical 
composition, but significantly lower 
than those planted on deposol of 
lighter mechanical composition. These 
differences obviously depend on the 
mechanical and chemical properties 
of deposols. In terms of height and 
height increment, larch seedlings had 
lower height and height increment in 
comparison to the previously planted 
larch plantations, regardless of 
mechanical composition of deposol. 
However, it should be considered that 
these larch plantations were planted 
more thickly and have not been thinned.

The average larch height increment 
(up to the 16th year) on deposols of 
opencast mines in the Kolubara ba-
sin was 0.88 m and volume increment 
4–10.37 m3.ha-1 (Šmit and Veselinović 
1996). Larch has also shown the largest 
average volume increment, as compared 
to Pinus nigra and Pinus sylvestris, as 
well to numerous broadleaves. Having 
in mind these data, along with the fact 

Table 2. Differences between sludge treated and untreated (control) larch seedlings (2010).

X – mean; Sx – standard error of the mean;
S – standard deviation; Ss – standard error of the deviation.

Measured properties Root collar diameter, cm Height, m 

Treated / Control Treated Control  Treated Control  

No of seedlings 571 183 571 183 

Minimum value 0.90 0.70 0.12 0.29 

Maximum value 5.90 4.20 3.80 3.20 

X ± Sx 2.51 ± 0.35 1.94 ± 0.34 1.68 ± 2.66 0.97 ± 2.63 

S ± Ss 8.34 ± 0.25 8.20 ± 0.24 63.45 ± 1.88 62.90 ± 1.86 
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stated by Dražić (2002) that the larch, 
in period between the 6th and 13th year, 
shows relatively consistent ascend-
ing development, and that the medium 
stand tree experiences abrupt growth 
between fifth and ninth year, it could be 
assumed that the larch trees analysed in 
this study will continue their intensive 
growth and development, in particular 
the ones treated with sludge. When 
studying the impact of sludge quantity 
on development of Larix laricina seed-
lings Couillard and Grenier (1989) did 
not found whether the different sludge 
quantity influenced the seedling growth, 
but they concluded that there was a 
significant, positive correlation between 
the growth of seedlings and the phos-
phorus and nitrogen content of their 
tissues, as well as that these elements 
originated from the wastewater sludge. 
The obtained results in this study justify 
the future more intensive establishment 
of plantations of this fast-growing coni-
fer species. European larch also appears 
to be suitable for growing on mechani-
cally damaged substratum.
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Abstract
Vertical gardens are a special type of interior phytodesign, getting more and more popular 

in the world landscape practice. They are specific arrangements of ornamental plants created 
in the exterior as well as in the in-door spaces, forming a self-maintaining system. In the 
interior the most appropriate and commonly used are the epiphytes. Principles of nutrition 
and their requirements to the environmental conditions are prerequisites for a successful use 
in the vertical gardens. In specialized collections and sales network in our country, that offer 
a variety of ornamental epifitytes, the plants are used and often treated as terrestrial plants. 
This article presents an analysis of the species composition of epiphytes in real world models 
of vertical gardens and the assortment of such species kept in collections or commercially 
available in our country. A survey on the diversity of imported and grown epiphytes carried 
out in June-September 2009 is presented. Totally 10 sites are audited (9 commercial garden 
centres and also the greenhouses of the Institute of Ornamental plants – Negovan). 

Key words: indoor vertical gardens, species variety of the vertical gardens, assortment of ornamen-
tal epiphytes.

Introduction

The construction of vertical gardens 
it the interior is connected exclusively 
with the usage of epiphyte and hemi-
epiphyte tropical species. The use of 
representatives from the terrestrial 
species is restricted or admissible in 
vertical green constructions in the ex-
terior. The use of epiphytes is recom-
mended because of the vertical posi-
tioning of green plates, the specific 
fabric that substitutes the soil sub-
strate and the method of attachment 

of roots in it, as well as the specific 
nutrition of plants.

The description of the epiphytic flora 
from the end of the 19-th century till to-
day has passed through different stag-
es. (Lüttge 1989). About 28,000 epi-
phyte species from 65 families and 850 
genera. (e.g. nearly 10% of the vascular 
flora) are defined.

The numerous studies in recent years 
require the supplementing and updating 
of the list of epiphytes. These changes 
concern mainly genera and families from 
Araceae, Asteraceae, Bromeliaceae, 
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Clusiaceae, Cactaaceae, Cyclanthace-
ae, Ericaceae, Marccgraviceae, Melas-
tomataceae, Onagraceae, Orchidaceae, 
Rubiaceae, Scrophulariaceae, Solanace-
ae. A contemporary research of De Guz-
man et al. (1998) enlarged the spectrum 
of epiphyte species from the genus 
Peperomia Ruitz. еt Pav. On the basis 
of detailed field experiments Zotz and 
Schultz (2008) suggested some taxo-
nomic changes.

The analysis (ex Lüttge 1989) shows 
that there are no epiphytes  in Gymno-
sperms. Among all higher plants 23,466 
species are epiphytes, included in 879 
genera (7% of all higher plants genera). 
Most of the epiphytes belong to the an-
giosperms and they are mostly used as 
a source of ornamental plants (20,863 
species or 89% of all epiphytes of the 
higher flora). The fern group follows 
(29% of the species variety in that group 
are epiphytes). Unfortunately the big va-
riety of taxa among ferns hasn’t been 
broadly used for ornamental purposes. At 
the same time about 90% of ferns culti-
vated as interior species are epiphytes or 
facultative epiphytes: members of Neph-
rolepis, Davalia, Platycerium, Asplenium, 
Phlebodium etc.

Monocots are the richest group of 
epiphytes among the angiosperms, be-
ing 67% of the epiphytes (522 genera) 
and 80% from the epiphyte species 
(16,610 species).

The richest in epiphytes is Orchidace-
ae with 440 genera (50% of all genera 
including epiphytes) and 13 951 species 
(67% оf all epiphytes among the an-
giosperms). Unfortunately, a small part 
of the epiphyte forms of orchids are in-
troduced as ornamentals and the intro-
duced ones usually participate as paren-
tal forms of modern cultivated hybrids.

Families of higher plants containing 
less than 5 epiphytes are 45% of all 
plant families and 18% of the families 
contain only one epiphyte. As a whole, 
52% of the epiphyte genera (454) in-
clude less than 5 epiphytes and 218 
(25%) – just one.

The epiphytes is a group, often cul-
tivated for ornamental purposes. In our 
country the richest collection of epi-
phytes belongs to the Botanical Garden 
of the Bulgarian Academy of Sciences. 
The extremely wide variety of taxa does 
not allow us to summarize them in this 
paper. Only two of the collections of 
representatives of the richest and most 
commonly used (in vertical gardens) 
families numbers as follows: 133 speci-
mens of 121 taxa of Bromeliaceae Juss 
(Petrova 1995) and 67 samples from 51 
taxa of Begoniaceae C. A. Agardh (Sto-
eva 1995). In addition to their rich as-
sortment, these collections are valuable, 
because more epiphytes are grown for 
years and are adapted to conditions of 
high intensity of light. The collections of 
the University Botanical Gardens with its 
branch in Balchik are also rich. According 
to some reports from 2010 the collec-
tion of the richest in epiphytes families 
contains as follows (Sofia and Balchik): 
Bromeliaceae – 10 genera and 13 spe-
cies (Sofia); 16 genera and 43 species 
(Balchik); Orchidaceae – 19 genera and 
32 species (Sofia); 19 genera and 34 
species (Balchik); Araceae – 4 genera.

Kabatliyska (2001) offers an analy-
sis of the possibile use and classification 
based on aesthetic features of one of the 
richest group of epiphytes (bromeliads).

The first steps in building a verti-
cal garden in our country has made 
land.arh. Kamen Popov (from the ‘Mr. 
Green’company). His recently built inte-
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rior vertical garden covers 60 m² and in-
cludes representatives of over 15 taxa.

However, in flower production the 
great ornamental potential and variety 
of epiphytes is still partially studied. The 
peculiarities of epiphytes as an unique 
group from physiological point of view 
(Benzing 1990, 2000; Griffiths et al. 
1986; Zotz and Schultz 2008) are still 
neglected in the technologies of orna-
mental plant production and breeding.

Aim and tasks

The aim of the present study is to de-
scribe the epiphyte species variety in 
real vertical gardens from the world 
practice as well as a survey on the as-
sortment of ornamental epiphytes of-
fered by commercial greenhouses in our 
country.

The following tasks are set:
1. A study of the plant diversity in 

the world famous vertical gardens and 
the deployment of plants according to 
their morphological peculiarities and ec-
ological requirements;

2. Analysis of the taxa variety of epi-
phytes, imported and grown commer-
cially in our country.

Methods and objects

The diversity of plants in vertical gar-
dens (Patrick Blanc’s projects and as-
sociates) has been defined by sketches 
and illustrative material. An analysis of 
the full sets of species used in 5 imple-
mented projects is made, from which 3 
in interior and 2 in exterior (for warm 
and moderate climate respectively). 
The predominant taxa were identified 
in 43 projects implemented by the 
same author (Blanc 2008). The deter-

mination of taxa to a different taxo-
nomic level is in accordance with the 
available information and opportunities 
for identification.

The study of the greenhouses in the 
country was made ​​in June-September 
2009. The following greenhouses were 
studied: 3 in Sofia: the Flora Center 
Drujba, the Plantava Company and the 
L2-company; 4 in the Varna region: the 
“Mimosa” garden center, the “Exotic” 
garden center, the “Erica Co” garden 
center and the Flower shop “The Jun-
gle”; 2 in the Burgas region: the “Bur-
gastsvet” greenhouses and the Ravda 
village garden center “Kozarevi”. Some 
ancillary data for the collections was 
received from the University Botanical 
Garden (Sofia) with branch in Balchik, 
and the Institute of Ornamental plants 
(Negovan).

Discussions

In general, the number of successful 
examples of vertical gardens is grow-
ing larger. Many companies engage 
themselves in technological develop-
ment, improvement and maintenance 
of this definitely new type of interior 
landscaping.

1. Species composition of the verti-
cal gardens.

Results of the plant diversity analy-
ses of the studied objects are summa-
rized in Table 1.

The analyses shows that in interior 
panels the ratio between the different 
growing types – epiphyte species (in-
cluding facultative epiphytes too) to the 
terrestrial species is as follows: In Project 
No  1 – epiphytes/terrestrials – 39:10; 
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epiphytes/semi epiphytes – 32:5; epi-
phytes/ facultative epiphytes – 32:7; 
In Project No  2 – epiphyte/terrestrials 
– 11:6; no semi epiphytes or faculta-
tive epiphytes are found out. In Project 
No  3 – epiphyte/terrestrials – 16:7; 
epiphytes:semi epiphytes – 15:6 and 
epiphytes/facultative epiphytes – 15:1.

The average percentage distribution 
of species is 57% for the epiphytes (no 
facultative epiphytes included) and 18% 
for the terrestrials. The representatives 

of genera: Ficus, Aechynanthus, Peper-
omia, Philodendron, Aechmea, Aspara-
gus, Pilea, Rhipsalis, Rhoeo, Schefflera, 
Aglaonema, Dracaena are prevailing.

As a whole in the exterior panels the 
epiphytes are neglected. This can be ex-
plained by the higher intensity of light 
and direct sunshine and the fact that 
most of them are built in temperate cli-
mate zones. The increasing presence of 
epiphytes in the lower part of the panels 
should be explained with the decreas-
ing light and creation of warmer micro-

Table 1. Species variety and characteristics based on the types of epiphytism.

Legend: E – epiphytes; N – terrestrials; N:E – terrestrials as facultative (or occasional 
epiphytes); E:N – epiphytes as facultative terrestrials; He – hemi epiphytes.

No Place 

Total 
number 

of 
genus 
used 

Total 
number 

of 
species 
used 

E N N:E E:N He Predominant genus 

1 

Interior, Cite 
de'espace 
Toulouse, 

France 

37 56 32 10 4 3 5 

Ficus, Aechynanthus, 
Peperomia, Philodendron, 

Aechmea, Asparagus, 
Pilea, Rhipsalis, Rhoeo. 

2 
Interior, 

Lexington, 
Great Btitain 

15 17 10 6 1 0 0 Asparagus, Schefflera. 

3 

Interior, 
French 

embassy 
New Delhi, 

India 

15 29 15 7 0 1 6 
Aglaonema, Dracena, 

Ficus, Philodendron, Pilea, 
Schefflera. 

4 

Exterior, Mall 
in Seul, 

South Korea 
(tropical 
climate) 

7 7 2 2 3 0 0 
Euonymus, Heloniopsis, 

Heuchera,Liriope,Mukdenia 
Pachysandra, Saxifraga. 

5 

Exterior, 
Hotel Persing 

hall, Paris 
France 

88 90 12 68 5 0 0 Abutilon, Iris + 
hygrophytes (5 species). 
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climate, permitting the inclusion of even 
more tender-frost representatives. Here 
the ratio between the epiphytes and ter-
restrials is as following: from 1:29 at the 
top to 10:14 at the basis of the panels, 
where the group of the shadow toler-
ant plants and hygrophytes species also 
increases. Among the species for the 
exterior terrestrial forms are dominating 
together with representatives of blos-
soming or foliage shrubs. In the indoor 
panels representatives are identified of 
83 epiphyte species from 59 genera, 19 
facultative epiphytes from 14 genera and 
11 semi epiphytes from the genus Ficus.

In the interior vertical gardens the 
epiphyte species predominate, most of 
them being herbaceous plants, followed 
by the bushy climbers, the shrubs and 
the trees. Shrubs occupy the top where-
as climbers take up elongated diagonal 
spots. In all panels the presence of ferns 
is obligatory, as well as the presence of 
aroids (situated always in the middle 
and in the lower part of the panels) and 
representatives of genus Ficus (situated 
always on the top part of the panels). 
The preferences are towards broad-
leaved species mostly climbers. A cer-
tain rhythm is observed in the designed 
spots and pasting of certain patterns.

In the exterior vertical gardens an ex-
clusive variety of life forms is observed 
– perennials and annuals. Blossoming 
plants, including some weeds are pre-
vailing. Having in mind the frost resist-
ance, more tender-frost species are used 
in contrast with the case of traditional 
horizontal flower compositions. The 
most tender frost species are situated on 
a sheltered position in the panel’s base, 
such species being traditionally used 
in a warm interior. Some grass species 
are used including hygrophytes. Species 

with tiny leaves are predominating and 
the spots are considerably smaller than 
those created in the interior.

2. Species variety in commercial 
greenhouses in our country.

As a result of the study, representa-
tives of 80 genera from 32 families have 
been recorded. Species diversity is pre-
sented in Table 2, including species in 
mass production or sale, imported and 
produced in larger quantities. Single in-
dividuals or such with collector’s value 
are not included.

Results of the present study 
can be summarized as follows:

• Out of all 80 genera described, 
representatives of 10 are found in 80 
to 100% of the surveyed greenhouses, 
representatives of 13 – in 60 to 80%; 
representatives of 17 – in 40 to 60%, 
representatives of 22 – in 20 to 40%. 
Representatives of 18 genera are found 
occasionally (in less than 20% of sur-
veyed sites).

• The most commonly available spe-
cies and varieties are from the follow-
ing genera: Anthurium, Syngonium, 
Hedera, Begonia, Guzmania, Tillandsia, 
Calathea, Marantha, Nephrolepis and 
Pillea.

• The highest species diversity is 
found in the following genera: Pepero-
mia, Begonia, Anthurium, Philodendron, 
Nephrolepis, Hedera, Guzmania, Ne-
oregelia, Tillandsia, Vriesea, Calathea, 
Ficus, Fittonia, Hypoestes.

• Excluding the richest collections of 
the Botanical garden at the BASci, the Uni-
versity Botanical garden and it’s branch in 
Balchik, in 2009 the greatest diversity of 
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Table 2. Species of commercial interest imported and grown in greenhouses

No Family Genus 

Total number of 
species and cultivars 

in the sites of 
observation 

Sites of observation* 

1. Acanthaceae Juss. Fittonia Coem. 26 3, 4, 6, 7, 8, 9, 10 

2. Acanthaceae Juss. Hypoestes Sol. ex R. Br. 25 1, 2, 3, 4, 5, 10 

3. Acanthaceae Juss. Pachystachus Nees. 3 1, 10 

4. Araceae Juss. Aglaonema Schott. 21 2, 7, 8, 9, 10 

5. Araceae Juss. Alocasia (Schott.) G. 
Don 12 2, 5, 6, 7, 8, 9, 10 

6. Araceae Juss. Anthurium Schott. 49 2, 3, 4, 5, 6, 8, 9, 10 

7. Araceae Juss. Dieffenbachia Schott. 17 2, 3, 7, 8, 9, 10 

8. Araceae Juss. Epipremnum Schott. 2 7, 9,  

9. Araceae Juss. Monstera Adans. 6 2, 7 

10. Araceae Juss. Philodendron Schott. 40 2, 5, 7, 8, 10 

11. Araceae Juss. Scindapsus Schott. 14 2, 3, 4, 7, 8 

12. Araceae Juss. Spathiphyllum Schott. 13 2, 6, 7, 8, 9, 10 

13. Araceae Juss. Syngonium Schott. 27 1, 2, 3, 4, 5, 7, 9, 10 

14. Araliaceae Juss. Hedera L. 40 1, 2, 3, 4, 7, 8, 9, 10 

15. Araliaceae Juss. Schefflera Forst. 10 1, 2, 8 

16. Asclepiadaceae R. Br. Dischidia R. Br. 3 10 

17. Asclepiadaceae R. Br. Hoya R. Br. 21 4, 7, 8 

18. Asparagaceae Juss. Asparagus L. 20 3, 4, 6, 7, 9 

19. Antericaceae J. G 
Agardh. Chlorophytum Ker.Gawl. 9 2, 5, 6, 9 

20. Begoniaceae C. A. 
Agardh Begonia L. 91 1, 2, 3, 4, 5, 6, 7, 8, 

9, 10 

21. Bromeliaceae Juss. Aechmea Ruiz. et Pav. 18 2, 3, 4, 5, 6, 8, 9 

22. Bromeliaceae Juss. Ananas Mill 5 2, 5 

23. Bromeliaceae Juss. Billbergia Thunb. 7 2, 5 

24. Bromeliaceae Juss. Bromelia LAdans. 4 5, 10 

25. Bromeliaceae Juss. Cryptanthus Otto & 
Dietr. 8 2, 5 

26. Bromeliaceae Juss. x Cryptbergia Hort. 3 10 

27. Bromeliaceae Juss. Dyckia Schult.f. 2 10 
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No Family Genus 

Total number of 
species and cultivars 

in the sites of 
observation 

Sites of observation* 

28. Bromeliaceae Juss. Guzmania Ruiz. et Pav. 28 2, 3, 4, 5, 6, 7, 8, 10 

29. Bromeliaceae Juss. Neoregelia L. B. Sm. 25 2, 3, 4, 5, 6, 9 

30. Bromeliaceae Juss. Nidularum Lem. 7 2, 8, 10 

31. Bromeliaceae Juss. Orthophytum Beer. 2 5 

32. Bromeliaceae Juss. Tillandsia L. 33 2, 3, 4, 5, 6, 7, 9, 10 

33. Bromeliaceae Juss. Puya Molina 8 10 

34. Bromeliaceae Juss. Vriesea Lindl. 24 2, 3, 4, 6, 9, 10 

35. Cactaceae Juss. Rhipsalis Gaertn. 13 2, 3, 5, 6, 9 

36. Cactaceae Juss. Hatiora Britton & Rose 3 10 

37. Cactaceae Juss. Schlumbergera Lem 9 2, 3 

38. Cactaceae Juss. Callisia Loefl. 6 3, 4, 8, 10 

39. Clusiaceae Lindl. Clusia L. 2 2 ** 

40. Commelinaceae R. 
Br. 

Setcreasea K.Schum & 
Sydow 3 6, 10 

41. Commelinaceae R. 
Br. Tradescantia L. 17 1, 2, 3, 10 

42. Eriocaulaceae Desv. Syngonanthus Ruhland 1 2** 

43. Gesneriaceae Dum. Aeschyananthus Jack 6 1, 2, 3,  

44. Gesneriaceae Dum. Columnea L. 5 3, 7, 10 

45. Gesneriaceae Dum. Gloxinia L’Her 16 2, 3, 4, 10 

46. Gesneriaceae Dum. Kohleria Regel 2 10 

47. Gesneriaceae Dum. Saintpaulia H.Wendl. 4 2, 3, 4 

48. Maranthaceae 
Petersen Calathea G.Mey 36 1, 2, 3, 4, 5, 7, 8, 9, 

10 

49. Maranthaceae 
Petersen Ctenanthe Eichler 15 2, 3, 4, 6, 7, 9, 10 

50. Maranthaceae 
Petersen Maranta L. 14 1, 2, 4, 6, 7, 3, 9, 10 

51. Maranthaceae 
Petersen Stromanthe Sond. 9 2, 3, 4, 9, 10 

52. Melastomataceae 
Juss. Medinilla Gaudich 1 10 
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No Family Genus 

Total number of 
species and cultivars 

in the sites of 
observation 

Sites of observation* 

53. Moraceae Link Ficus L. 22 2, 3, 4, 6, 9 

54. Nepenthaceae Dum. Nepenthes L. 2 2 

55. Orchidaceae Juss. x Vuystekeara Hort. 4 2, 3, 4 

56. Orchidaceae Juss. Cattleya Lindl. 2 2 

57. Orchidaceae Juss. Cymbidium Sw. 11 2, 3, 4, 9 

58. Orchidaceae Juss. Dendrobium 11 2, 4 

59. Orchidaceae Juss. Ludisia A. Rich. 6 2, 5, 6, 9 

60. Orchidaceae Juss. Miltonia Lindl. 6 2, 4 

61. Orchidaceae Juss. Oncidium Sw. 2 2 

62. Orchidaceae Juss. Phalenopsis Blume 17 2, 3, 4, 6 

63. Orchidaceae Juss. Vanda Jones ex R. Br. 4 2, 8 

 Polypodiophyta:    

64. Adianthaceae Newm. Adiantum Burm. f 22 1, 2, 4, 6, 9, 3 

65. Adianthaceae Newm. Pellaea Link. 5 1, 2, 3,  

66. Aspleniaceae Newm. Asplenium L. 7 1, 2, 3, 6, 9 

67. Blechnaceae (C. Prel) 
Copel. Blechnum L. 1 2 

68. Davalliaceae 
(Gaud.)M.R.Schob. Davallia Sm. 12 2, 3, 4, 7, 8, 9,  

69. Dryopteridaceae 
Ching Didymochlaena Desvaux 1 6 

70. Dryopteridaceae 
Ching Dryopteris Adans 1 2 

71. Oleandraceae Ching 
ex Pic.Serm. Nephrolepis Schott 28 1, 2, 3, 4, 5, 6, 7, 

8, 9 

72. Polypodiaceae 
Bercht. & J. Presl Platycerium Desvaux 9 2, 3, 5, 7, 8, 9 

73. Polypodiaceae 
Bercht. & J. Presl 

Polypodium L. 13 2, 3, 4, 6 

74. Pteridaceae Ching Pteris L. 3 2, 7, 8 
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taxa for commercial use was found in the 
“Flora Centre”, Sofia (57 taxa).

• The observations show that the 
greater part of the plants from the taxa 
described above are grown as a tradi-
tional soil crop not regarding their spe-
cificity as epiphytes. This results in 
deterioration of their condition and or-
namental qualities, atypical appearance 
and vulnerability to diseases and pests.

Acknowledgments

We are grateful to the Director of the 
Univ.Bot.Gar. Krassimir Kossev PhD and 
landscape arch. Vera Grancharova for 
the kindly provided information about 
the collections.

The observations in Varna and Burgas 
are subsidized under the project “Stud-
ies on the major insect pests on foliage 

ornamental plants in greenhouses with 
a view to developing integrated meas-
ures of control” – UF No 28 (2009).

References

Benzing D.H. 1990. Vascular Epiphytes 
General Biology and Related Biota. Series: 
Cambridge Tropical Biology Series, Cambridge 
University press, 530 p. (e-books).

Benzing D.H. 2000. Bromeliaceae – 
profile of an adaptive radiation. Cambridge 
University press, 530 p. (e-books).

Blanc P. 2008. The Vertical Garden. 
From Nature to the city Preface by Jean 
Nouvel W.W.Norton & Company. New York, 
London, 192 p.

Griffiths H., Lüttge U., Stimmel K-H., 
Crook C.E., Griffiths N.M., Smith JAC 1986. 
Comparative ecophysiology of CAM and C3 
bromeliads. III. Environmental influences on 
CO2 assimilation and transpiration. Plant Cell 
Environ, 9: 385–393.

*Sites of observations: 1. Institute of ornamental plants – Negovan, Sofia; 2. Flora Center 
– Drujba, Sofia; 3. L2-company – Sofia; 4. Plantava Company – Sofia; 5. Ravda village 
“Kozarevi” Garden centre; 6. “Burgastsvet” greenhouses – Burgass; 7. Garden centre 
“Erica Co” – Varna; 8. Flower shop “The Jungle” – Varna; 9. Garden centre “Exotic” – 
Varna; 10 Garden centre “Mimosa” – Varna.
** representatives of the following genera are rarely imported.

No Family Genus 

Total number of 
species and cultivars 

in the sites of 
observation 

Sites of observation* 

75. Woodsiaceae (Diesl) 
Herter Athyrium Roth 1 2 

76. Piperaceae C. A. 
Agardh Peperomia Ruitz & Pav. 43 2, 3, 4, 6, 7, 8, 9 

77. Piperaceae C. A. 
Agardh Piper L. 3 8 

78. Selaginellaceae P. B. Selaginella P. Beauv. 15 1, 2, 3, 4, 6, 9 

79. Saxifragaceae Juss. Saxifraga L. 6 1, 2, 5 

80. Urticaceae Juss. Pilea Lindl. 23 1, 2, 3, 4, 5, 6, 9, 10 

 



Use and Assortment of Ornamental... 281

De Guzman C.C., Quintana E.G., Mayuga 
I.C. 1998. Epiphytes in genus. Peperomia 
Ruitz. Et Pav. Annual Scientific Conference 
of the Federation of Crop Science Societies 
of the Philippines, Cebu City (Philippines), 
19–24 April 1998.

Kabatliyska Z. 2001. Morphological and 
biological specialities of representatives 
from fam. Bromeliaceae Juss. according to 
their use in different plant compositions. 
Conference ’50 Years ‘Landscape architec-
ture’ – Evksinograd, May: 55–61.

Lüttge U. 1989 (editor). Vascular Plants 
as epiphytes. Evolution and Ecophysiology. 

Ecological studies 76. Springer Verlag, 
270 p.

Petrova A. 1995. Bromelias collection of 
BAS Botanical Garden. ’70 Years Forestry 
Education in Bulgaria’, Sofia, University of 
Forestry, volume 3: 436–442.

Stoeva K. 1995. Collection of Begonia 
gender of BAS Botanical Garden. ’70 Years 
Forestry Education in Bulgaria’, Sofia, 
University of Forestry, volume 3: 443–446.

Zotz G., Schultz S. 2008 The vascular 
epiphytes of a lowland forest in Panama – 
species composition and spatial structure 
Plant Ecology, 195 (1): 131–141.



FORESTRY  IDEAS, 2010, vol. 16, No 2 (40)

FIRE BEHAVIOR IN BLACK PINE (PINUS NIGRA ARN.) 
PLANTATIONS IN SOUTHERN BULGARIA: 

A SIMULATION STUDY

Konstantinos Koukoulomatis1 and Ioannis Mitsopoulos2

1University of Forestry, 10 Kliment Ohridski Blvd., Sofia, Bulgaria. E-mail: bombar-
dier415@yahoo.gr

2Faculty of Forestry and Natural Environment, Aristotle University of Thessaloniki, 
P.O. Box 228, 54124, Thessaloniki, Greece.

UDC 630.4						        Received: 13 May 2010 
Accepted: 29 June 2011

Abstract
Surface and canopy fuel characteristics that influence the initiation and spread of wildland 

fires were measured in representative Black pine (Pinus nigra) plantations in Southern Bulgaria. 
Potential fire behavior (type of fire, probability of crown fire initiation, crown fire type, rate of 
spread, fire line intensity and flame length) in Black pine plantations was simulated with the 
most updated fire behavior models. The probability of crown fire initiation was high even under 
moderate burning conditions, mainly due to the low canopy base height and the heavy surface 
fuel load. Assessment of surface and canopy fuel characteristics and potential fire behavior 
can be useful in fuel management and fire suppression planning.

Key words: surface and canopy fuels, fire behavior, rate of spread, fire line intensity, flame length.

Introduction

Wildland fires are the most destructive 
disturbance of the natural lands. Natural 
landscapes have always been subjected 
to fire in southern Europe and thus, burn-
ing became part of their dynamic natural 
equilibrium (Moreno and Oechel 1994). 
Recent changes in land-use patterns 
have caused the reduction or abandon-
ment of traditional activities, such as ex-
tensive grazing or wood harvesting. This 
resulted in increase of the amount of fuel 
available for burning (Perez et al. 2003).

Fire behavior models implemented in 
fire management decision support sys-

tems require accurate descriptions of 
fuel complex characteristics. Until re-
cently, fuel complex characterization has 
been limited to surface fuel beds (Ander-
son 1982, Dimitrakopoulos 2002), due 
to the restricted applicability of fire be-
havior simulation models only to surface 
fuels (Andrews 1986). The development 
of fire behavior models and systems de-
signed to predict fire behavior (Van Wag-
ner 1977, 1989; Scott and Reinhardt 
2001; Cruz et al. 2004, 2005) made 
necessary the measurement of surface 
and canopy fuel data.

Crown fire modelling depends on two 
basic procedures: the analysis of surface 
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to crown fire transition and the study of 
crown fire rate of spread. An extensive 
review of the existing crown fire models 
can be found in Pastor et al. (2003).

The objective of this study was to as-
sess the potential fire behavior in Black 
pine plantations in Southern Bulgaria by 
using simulations with the most recent 
fire behavior models.

Material and Methods

Study area

The study area was located in the 
eastern part of Ivaylovgrad region 
(26°06′N, 41°31′W) and Harmanli re-
gion (25°97′N, 41°55′W) in Southern 
Bulgaria. The altitude ranged from 50 m 
to 840 m a.s.l. and the climate is of sub-
mediterranean type, with cold winters 
and dry hot summers. The mean annual 
rainfall is 775 mm and the mean annual 
air temperature is 13°C. In the past, nu-
merous fires have burned different parts 
of the forest. The forest comprises of 
even-aged stands, often with a sparse 
understorey of herbaceous vegetation 
and a substantial layer of pine needles 
litter. The forest site was characterized 
by a mean tree height of 18 m and a 
mean stem density of 750 stem ha-1. 
Slopes ranged from 20 to 50%. 

Modelling fuel and fire behavior

In one representative sample plot (25 m 
x 20 m), surface and crown fuel pa-
rameters were measured according to 
Koukoulomatis and Mitsopoulos (2007) 
study. Surface fuel parameters were 
measured in ten 1 m2 sampling plots. The 
clip and weight method was used for the 

determination of all fuel loads by size cat-
egory (Brown et al. 1982). Crown fuel 
biomass was estimated by using site-
specific crown fuel allometric equations 
(Koukoulomatis and Mitsopoulos 2007), 
while canopy fuel vertical profiles were 
developed using Scott and Reinhardt 
(2001) method.

Potential crown fire behavior was 
simulated using Cruz et al. (2004, 
2005) crown fire initiation and spread 
models, with input data the canopy and 
surface fuel load values of the sample 
plot. These models have been tested 
and evaluated in high intensity experi-
mental crown fires in pine plantations 
with satisfactory results, while other 
crown fire models (Rothermel’s surface 
and crown rate of fire spread models 
with Van Wagner’s crown fire transi-
tion) have shown to have significant un-
derprediction bias when used in assess-
ing potential crown fire behavior in coni-
fer forests and plantations (Stocks et al. 
2004, Cruz and Alexander 2010).  The 
type of fire (active crown fire or passive 
crown fire) was assessed by Van Wag-
ner’s (1977) criterion for active crown 
fire spread. Available surface fuel loads 
are required to run the crown fire initia-
tion model (Cruz et al. 2004). For this, 
the surface fuel model, typical of the 
understory vegetation of Black pine for-
est was used as surface fuelbed during 
the fire simulation (Koukoulomatis and 
Mitsopoulos 2007). Low burning condi-
tions were set to fine fuel moisture of 
14% and 10 km.h-1 windspeed, moder-
ate burning conditions to fine fuel mois-
ture of 10% and 20 km.h-1 windspeed, 
while extreme burning conditions were 
set to fine fuel moisture of 6% and 30 
km.h-1 windspeed. All the wind values 
refer to 10 m open windspeeds. Fire-
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line intensity was estimated by Byram’s 
(1959) equation. Crown fire intensity 
was calculated by adding the available 
canopy fuel load to the available surface 
fuel load. The litter, the live foliage and 
the live and dead branches with diame-
ter less than 2.5 cm were considered as 
available surface fuel load. Surface fuel 
consumption by the fire was adjusted to 
90%, 60% and 30% of the total load, 
representing extreme, moderate and low 
burning conditions, respectively. Heat 
content values for all simulations were 
obtained from Dimitrakopoulos and Pan-
ov (2001). Crown fire flame length was 
estimated according to Thomas’ (1963) 
flame length equation. Surface fire be-
havior was modeled using Rothermel’s 
rate of spread model (Rothermel 1972). 
All crown fire behavior predictions refer 
to level terrain and are valid only for ac-
tive crown fires.

Results and Discussion

Table 1 presents surface and canopy fuel 
characteristics that were measured at 
the sample plot. Table 2 presents surface 
and active crown fire behavior potential 
that should be expected in the plot ac-
cording to the fire behavior models simu-
lation. Crown fireline intensity and flame 
length reached up to 91 500 kW.m-1 and 
53 m, respectively. Simulations with 
wind speeds greater than 20 km.h-1 al-
ways lead to crown fire initiation regard-
less of the canopy and surface fuel char-
acteristics. All simulations under extreme 
burning conditions resulted in crown fire 
initiation, as it is often reported in field 
observations (Alexander 1998). Under 
moderate burning conditions both crown 
and surface fires were observed, de-
pending mainly on the fuel characteris-
tics (CBH, surface fuel bed height, CBD) 

Fuel model 
Surface 

fuel load, 
t.ha-1 

Litter 
depth, 

cm 

Litter 
weight, 
t.ha-1 

Canopy fuel 
load, kg.m-2 

Canopy 
bulk 

density, 
kg.m-3 

Canopy 
base 

height, m 

Litter layer of 
Black pine 
forest 

3.1 0.8 6.2 1.2 0.13 3.8 

Table 1. Surface and canopy fuel characteristics at the sampled plot.

Rate of spread, m.min-1 Fireline intensity, kW.m-1 Flame length, m 

Burning conditions  

Low Moderate Extreme Low Moderate Extreme Low Moderate Extreme 

Black pine 
plantation 

fuel 
complex 

6.3a 22.8b 61.5b 3,123a 24,771b 91,459b 1.9 a 22b 53b 

 

Table 2. Potential fire behavior of Black pine plantations.

a Surface fire resulted
b Crown fire resulted
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of the stand. Under low burning condi-
tions, in all cases fire spread was limited 
to surface fuels. Active crown fire rate of 
spread in Black pine plantations ranged 
from 22.8 to 61.5 m.min-1. In most 
cases, crown fire behavior simulations 
indicated that crown fire transition and 
spread is a common feature in Black pine 
plantations. The low fuel strata gap, the 
heavy available surface fuel load and the 
substantial height of the surface fuel bed 
that characterize Black pine fuel complex-
es increase dramatically the likelihood 
of crown fire initiation. Active crown 
fire rate of spread, fireline intensity and 
flame length in Black pine stands were 
found similar to values reported in typi-
cal active crown fires in the International 
Crown Fire Modelling Experiment, where 
the rate of crown fire spread ranged 
from 15.8 to 69.8 m.min-1, the fire in-
tensity from 20,000 to 100,000 kW.m-1 
and the flame front was 2–3 times the 
mean stand height (Stocks et al. 2004). 
Under extreme burning conditions, ac-
tive crown fire rate of spread was even 
observed in Black pine plantations with 
CBD lower than Agee’s (1996) threshold 
value (0.10 kg.m-3), as the simulation re-
sults indicated.

Surface fire predictions, crown fire 
initiation and rate of spread models used 
in this simulation are empirical. Neverthe-
less, they have been tested in high in-
tensity experimental wildland fires with 
satisfactory results (Stocks et al. 2004). 
Furthermore, the variability in fuel com-
plex characteristics used during model 
conception and the physical fuel (CBD, 
fuel strata gap, surface fuel consumption) 
and weather (wind speed, fine fuel mois-
ture content) parameters, should make 
them applicable to other conifer fuel com-
plexes as well. Additionally, wind speed 

is the variable that has the most influence 
in crown fire behavior. Wind speed is the 
dominant factor that affects fire behavior 
in wildland forests (Dimitrakopoulos and 
Dritsa 2003). Passive crown fire charac-
teristics were not simulated due to the 
lack of a validated model that predicts 
passive crown fire behavior.

Conclusion

This study simulated the initiation and 
spread of wildland fire in representative 
Black pine (Pinus nigra) plantations in 
Southern Bulgaria. Potential fire behav-
ior (type of fire, probability of crown fire 
initiation, crown fire type, rate of spread, 
fireline intensity and flame length) in 
Black pine plantations assessed with the 
most updated fire behavior models.

Fire behavior prediction in Black pine 
plantations can be useful in fire man-
agement, fire prevention planning or in 
decision making during actual fire sup-
pression. The current fire behavior simu-
lations are just a supplement to the ef-
forts for fire prevention and active sup-
pression tactics and their accuracy must 
be validated with real observations from 
wildfires burning in the field.
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